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Illustrated  articles  are  marked  with  an 
asterisk  (•),  book  notices  by  a  dagger 
(t),  inquiries  by  a  double  dagger  (t). 
The  cross-references  condense  the  mat- 
ter and  assist  the  reader,  but  are  not  to 
be  regarded  as  complete  or  conclusive. 
So,  if  there  \rere  a  reference  from 
"Boiler"  to  "Smoke,"  and  if  the  searcher 
failed  to  find  the  required  article  under 
the  latter  word,  he  should  look  through 
the  "Boiler"  entries,  or  others  that  the 
topic  might  suggest,  as  he  would  have 
done  had  there  been  no  cross-reference. 
A  reference  from  "Oil"  to  "IjUbricant" 
would  apply  equally  to  "Lubrication." 
"Lubricator,"  etc.  Letters  are  indexed 
under  title  or  subject,  general  articles 
under  writer's  name  as  well.  Not  all 
articles  relating  to  a  given  topic  neces- 
sarily appear  under  tlie  same   entries. 
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Absorption-plant    report    sheet •176 

Accident.      See    "Cylinder,    "Engine," 
"Electricity,"      "Pump,"      "Repair," 
cross-references  from   "Explosion," 
etc. 
Accounts,    Electric    T-ight.    Edwards. t364 

Acme  Tea  ro.'s  power  plant '906 

Adam.s.  Centrifugal  teed  pumps....  934 
Adelaide    municipal    tramway    plant. 

Moffitt    •554 

Advancement    prospect.   The 424 

Air,  Compressed,  in  mill  work,  Bur- 
ges.s  Sulphite  Fibre  Co.'s;  angle- 
compound  compressor    •SI 

Air,  Compres.sed,  Practice.  Richards.tSSO 
Air,  Compre.ssed,  T'umping  by.  Ivens.t625 
Air,  Compressed,  Steam  siphon  wlth.tlOO 
Air.  Compressed,  Transmitting  power 

by.     Brewster    337 

Air   compressor.      See   also   "Blowing 

engines." 
Air-compressor    air    supply    stopped. 

Palmer     180 

Air-compressor  calculatlon.s,  Graphic. 

Rosencrants •232 

Air      compressor.      Ch.anglng,      from 

steam  to  electric  drive.    Morrison  ..  •776 
Alr-comiircsaor   cooling    water,    .Sav- 
ing.     Reynolds '684 

.Mr  compressor  made  from  gas  en- 
gine.    Palmer •SSS 

Air     compressor.     Oil     explosion     In. 

Oelrlch  72,  Richards  219,  Pearce...    390 
Air     compressor     or     steam     engine. 

Nordherg.    for   Canadian    mine •661 

Alr-rompressor  record.  Interesting — 
Lehigh  &  WIlkea-Barre  Coal  Co.'s 
compressor  .  running  full  speed 
wJthoiU   foundation.      Richards.  ..  .'Se* 
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Air    compressor.    Rotary,    Wernicke- 

Hatcher   ^631 

Air     compressor.     Steam      pump      as. 

Hudson    219 

Air-compressor     testing;     measuring 
flow    through    oriflces.      Lancaster, 

Dean   *425 

Air-compressor  troubles 356 

Air-compressor      volume      regulator. 

Hall    '13 

Air    compressors    driven    by   Keokuk 
power.      Atlas      Portland      Cement 

Co.'s    '172 

Air  compressors,  etc.,  Chi.  Pneu.  Tool 

Co.'s   "Giant"   fuel-oil   engine    for..*610 
Air  compressors,   Motor-driven,   Yar- 

nall-Waring  starting  unloader  for.*771 
Air,  Excess,  Stacks  overloaded  due  to  216 
Air  filtering  for  indirect  heating.  ... +320 
Air,  Furnace,  Electrifying.  Dunkley  71 
Air,  Furnace,  Preheating.  Olmstead 
24,    Hawkins,   Dunkley    179,   Pearce 

217,  Caldwell,   Robinson •653 

Air  in   suction    pipe.      Kjerulff 891 

Air-jet  lift.  Raising  liquor  by tS19 

Air  lift — Pressure  variation  required.t857 
Air    lift,    Trouble    with.       Lacy     504, 

Quicker    649,     Ivens '890 

Air    meter,    Kreutzberg    volumetric.  . '148 
Air  pressure  collapsed   pipe.  Hurst.. ^142 

Air  pump,    Brooklyn    Edison '444 

Air     pump — Caution     to     beginners. 

Johns   lOS 

Air    pump.    Dry-vacuum,    Increasing 

capacity    of — Cooling   spray.   Hurst  *2B 
Air  pump,    Independent,    Advantage. t429 
Air  pump   with   no  clearance.   Chris- 
tie's,  of   Wheeler  C.   &   E.   Co *606 

Air,  Washed,   for  cooling  transform- 
ers.    Hall    *3S5 

Alabama  Power  Co.'s  steam  plant... ^156 

Alarm,  Novel     trap.       Wilson '786 

Alarm,   Turbine    oil.      North '465 

Alarms,     Low-water;     fusible    plugs, 

538,    'ST? 

Alaska  boilers  described.  Keys 534 

Albers.       Measuring    high     and     low. 

temperatures     34 

Alcohol — Gasoline  substitutes.  .^569,  •753 
Allan,  A.  C,  self-adjusting  wrench..    •OS 

Allan,  John  B.,  Death  of •256 

Allen.  J.   U.     Heat  Engines t664 

Allen,  L.  D.    Oils  and  lubrication  169, 

178,   204 
.\llison.      Glossary    of    public-utility 

terms    150 

Alloys,    Copper  —  Composition    and 

melting   points    745 

.Alternating.    See  also   "Electricity." 
Alternating  and  direct  currents,  Pho- 
tographing.     Linker    ^352 

Amalgams    507 

American   Boiler  Mfrs."  Asso.  154,  362,   398 

American   Elec.   Ry.   Asso 586 

American   Inst.    Elec.    Engineers    41, 

114,  •512 
American    Locomotive    Co.'s    pulver- 

Ized-coal  burning  Installation *36 

American  Soc.  H.  &  V.  Engineers.  .  .'112 
American   Soc.  Mech.  Eng.     See  "En- 
gineers." 
American  Soc.  Refrig.  Engineers  849,  •866 

Ames   Stumpf   unaflow   engine ^701 

Ammeters,  Marking.     Hurst 892 

Ammoni.i    compressors,    etc.,    for    re- 
frlgcralion.     See  "Refrigeration." 

Ammonia    accidents.   First  aid   In 367 

Ammonia-gas   compression    •268 

Ammonia    regenerator,    Vilter ^709 

Ammonia.    Why    It    disappears    from 

the    receiver    562 

Amp&re    and    his   work B24 

Analyzer,    Strong   aqua   short-circuit 

In.      Baker    •723 

Anderson,  V.  D.,  safety  water  column 

and   steam   separator    ^97 

Anderson.  W.  B.  Mechanics  and  Heat.t440 
Andrews  et  nl.     Mass.  boiler  law  and 
rules  270,  306,  346,  Proposed  changes 
'      395,  Errata 515 
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Annett.  Testing  polarity  of  field  coils 
*S6,    Open    circuit    *16S,    Short    cir- 
cuits and   grounds   *299,   Faults   in 

d.-c.    armatures »672,    •717,    •737 

Arc  lamp.  Photographing.  Linker.  . .  .*352 
Arcli,  Ignition,  influence.  Harrington  419 

Arkansas  Lt.   &  Power  Co 663 

Armature  coil  temperatures.  Newbury  '39 

Armature  testing,    etc.      Secor •641 

Armatures,   Direct-current,    Locating 

faults  in.     Annett •672,  •717,  ^737 

Armstrong  insulatina:  material 460 

Armstrong  Machine  Wks.'  steam  trap.^l4S 

Ash  burning — Calorigene! 749,  760 

Ash  ejector.    T.i'.  -steam.      Clark.  ..  .^889 

Ash  hanil!:'  -      S'    '    y    plant '2 

Ash   hand!  •    i!_  operating  cost. 

Sandsti.  ill        _;.      i,...,     Arnois     354, 

Rickers  :^,v>,  ilu-.-i    503 

Ash-hoist   engine.    Emergency   repair 

to.     England    30 

Ash  influence  on  fuel  value  of  small 
anthracite  coal.     Philo  •416,  Errata 

•752,  Ed.   648,  Ellis 649 

Ashpits,  Design  of.     Marsh •733 

Atlantic    Cy.    boiler    explosion •751 

Atlantic  G.  &  E.  Co.  failure 551 

Atlas  Portland  Cement  Co.'s  air  com- 
pressors      ^172 

Aube  smoke   preventer ^206 

Australia — Adelaide  tramway  plant. ^554 
Australia,  Transporting  boiler  in....^635 
Australian    meeting,    Brit.    Asso.    for 

Advancement  of  Science 361 

Automatic-cutoff      engine.      Butcher, 

Gibson    218 

Automobile-engine    hp.    rating ^249 

Automobile    power    output    for    year 

compared   with  Niagara •716 

Automobile  transm.ission  gears.  Com- 
pressor governor  driven  through.  .•878 
Auxiliary   economy.     Campbell ^69 


B.abbitt-metal    melting    point t357 

Babbitted  boxes.  Brass  vs.  Cultra, 
Robinson,  Benefiel,  Hawkins,  Col- 
ton     ♦246 

Babbitting  crosshead  shoe.  Thurston.   141 

Babbitting,    Thickness    for t357 

Babcock  &  Wilcox  Co.  Marine  Steam 
t44.  Steam  Sui>erheaters  144,  Chain 

Grate    Stoker    t44 

Badenhausen   w.t.    boiler,   Impvd *883 

Baflles,  Broken.   Results  of.     Smith.. '708 

Baffling,  Boilers  with  divided •Be 

Baffling  water-tube  boilers.  Monnett, 

Dletz 71 

Baker  suspension  storage  bin •267 

Bakersfield,       Calif.,       steam  -  power 

plant    •476,   588 

Bakery,  Acme  Tea  Co.'s '906 

"Balanced-dr.aft"    patents    upheld....    762 

Balancer  set.  Temporary.     Hull •SS 

Bal.ancing  internal-combustion  en- 
gines.     Fullagar    ^222 

Balancing  of  machinery 198 

Ball,  Fastening,  on  rod  end.  Holroyd   281 
Ballard.      Cleveland    municipal    light 
plant  864,  Cost  of  steam   (explana- 
tion)          91 

Baltimore — Consol.  G..  E.  L.  &  P. 
Co.'s  chimney  •522,  Boiler-erection 

cost ^705 

Ranger.  B.  B.  N.  Y.  Cy.  license  Iaw.^742 
Banquet  In  holler  furnace.  Detroit.  .•862 
Barnhart  Bros.  &  Splndler  plant....  •SO 
B.arometer     and      vacuum      recorder, 

Uehling   'SOS 

Barometer,  Principle  of.     Quizz '782 

Barometric     readings.     Reducing     to 

standard   pressures.      Barrett 131 

Barrels,   Emptving  oil.     Kreutzkamp.*7S7 

Barrels,  Rolling,  up  Incline.     Curren.«428 

Barrett.     Reducing  b.arometric   re.id- 

Ings     to     standard     pressures     131, 

Gas-pumping      station      •229,      Old 

steam     engine     ^412,     Compression 

calculations   for  oil   engines ..'632 

Batteries.  Storage,  Distilling  .  water 
for.     Cultra    .  .' '104 
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Baxter's  self-contained  plant.  Palmer.*57S 

Be  sure  of  your  ground *79 

Bearing  expansion  allowance  •25,  179, 

465,  654 
Bearing.  Motor — Oil  throwing.  Pagett.*752 
Bearing    record,    Crankpin.     Warner.    575 

Bearing,  Repair    to.      Vaughan 'ISa 

Bearing,  Smoothlv  running — Cartoon, 

•193,  215 
Bearings,  Belt  pull   on.      Schaphorst.    •72 
Bearings — Brass  vs.  babbitted  boxes. 
Cultra,    Robinson,    Benefiel,    Ha^v- 

kins.    Colton    •246 

Bearings,  Heating    of   elec.    niachy...    917 

Bearings,  Hot    motor.      Jalinke 2S1 

Bearings,  Thrust.      Grimshaw    lSs2 

Beaver   square-end   pipe   cutter *12S 

Belt  cement 455 

Belt  pull   on  bearings.     Schaphorst..    '72 

Belt  slip    and    thickness    effect 343 

Belt  splices.    Length    of ±320 

Belt — Which   side    out? tS93 

Belting  length,  Finding,  in  roll $109 

Belting  motors — Chart.       Fox    •564 

Belting — Study    course    '."jOe,    *544 

Belts,    Centrifugal    effect   in.      Schap- 
horst   '690,    Hirshberg    •927 

Belts,    Slack.   Data.      Wilson 71 

Bentley.  Testing  and  adjusting  steam 

gages   ^241 

Berwind-White   colliery  plant •923 

Best.     Saving  oil   in   plant '375 

Bettington  boiler 36,   •SS 

Bird  cripples  power  line.  Mallery .  .*245 
Blake,  A.  D.  Seaview  Hospital  plant. •666 
Blake,  J.  E.,  pulverized-coal  apparatus  ^36 
Elonck.  Boiler  efficiency  meters,  etc.  795 
Blower.  See  also  "Fan." 
Blower  and  dust  collector,  Fedeler.  .^525 

Blower  and    fan.    Westinghouse ^919 

Blower,  Wing  turbine.  Improved....  ^59 
Blowing  engines.  Large  Mesta.  Rapid 

erection  for  Woodw^ard  Iron  Co...  •S 
Blowing  furnaces  with  l.p.  turbines.  S27 
Blowoff.  Bad  thread  on.  Weber. ...  •463 
Blowoff    cleaner,    Reiter    continuous.  •175 

Blowoff",    Feeding    through 527 

Blowoff,      Keeping,      from      freezing. 

Rowe    •7SS 

Blowoff.  Leaky,  ■waste  percentage.  ..  $691 
Blowoff-pipe      failures  —  Lightning. 

Thorn    72,    Nelson 218 

Blowoff-piping    change.      Johnson.  ..  •756 

Blowoff  tank  design    759 

Blowoft"  valve    left    open  —  Effect    on 

flue.      Hawlev    ^352 

Blowoff  valves,    Powell     •266 

Board    of   Education,    X.    T.    Cy.,    En- 
gineering bureau  for 313,   326 

BOILER 

See  also  "Stoker,"  "Draft,"  "Damp- 
er," "Economizers,"  "Heater,"  "In- 
jector," "Blowoff,"  "Gage,"  "Wa- 
ter column,"  "Valve"  (safety), 
"Smoke,"  "Coal,"  "Fuel,"  "Ash," 
"Chimney,"  "Grate,"  "Stack,"  "Gas," 
"Carbon  dioxide,"  "Fireman." 
"Steam"  and  cross-references  from 
it. 
— Accident  from  taking  chances.  Mil- 
liard        390 

— Alaska  boilers  described.  Keys....  534 
— Am.  Boiler  Mfrs.  Asso.  convention 
154,  362,  Detailed  report — Discus- 
sion of  design;  materials:  fusible 
plugs  on  steamboats;  A.  S.  M.  E. 
specifications;      Mass.      law;      zinc 

plates   in    boilers,   etc 398 

— Badenhausen  w.t.  boiler,  Impvd...^S83 
— Baffles,  Broken,  Results  of.  Smith. ^708 
— Baffling,       Divided,      Boiler      with, 

Heine,  at  Lytton  Bldg.,  Chicago..  ^56 
— Baffling   water-tube  boilers.     Mon- 

nett,    Dietz     71 

— Bag,    Taking,    out    of    shell ±857 

— Bakersfleld  plant,  oil-burning  '479,  588 
— Blowing  down.   Feeding  and   firing 

while    {505 

— Blowoff  cleaner.  Reiter  continuous, 

Natl.    Boiler    Specialty    Co.'s •175 

— Blowoff  valve  left  open — Effect  on 

furnace    flue.      Hawley ^352 

— Boiler  and  engine  rooms.  Openings 

between 805 

— Boiler    failed   in    capacity — Investi- 
gation   with    iron    rod 198 

— Boiler  more  efficient  than  engine..  711 
— Boilers.  Monnett — Draft  and  draft 
readings  ^7,  Reducing  smoke  with 
steam  jet  •SS.  Baffling  (discussed) 
71.  Return-tubular  boiler  furnace 
development  ^93.  Double  -  arch 
bridge-wall  furnace  ^126,  Chicago 
Smoke  Dept.  and  special  furnaces 
•166,  384,  Firing  without  smoke 
207,  Hand-fired  settings  for  heat- 
ing boilers  •230,  Hand-fired  fur- 
naces for  water-tube  boilers  burn- 
ing bituminous  coal  smokelessly 
•264,  Semiextension  furnaces  for 
horizontal  water-tube  boilers  burn- 
ing wood  refuse,  for  horizontal 
boilers  vertically  baflled  and  for 
vertical  boilers  'SOg,  Gravity-feed 
semistokers   'SSI,   Down-draft  fur- 
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naces  '454,  Down-draft  heating 
boilers  '492,  Chain-grate  settings — • 
Horizontal  vs.  vertical  baffles  for 
water-tube  boilers;  flat  and  sprung 
arches  compared;  tile-roof  fur- 
naces, etc.  •532,  '560,  (Errata  660,) 
Vertically  baffled  water-tube  boil- 
ers •607,  Stirling  and  vertical  boil- 
ers ^658,  Front-feed  stokers  ^712, 
Side-feed  stokers  '802.  Underfeed 
stokers  •838,  Headroom  for  smoke- 
less settings  885,  Reconstructing 
existing  plants — Lack  of  head- 
room,   etc ^920 

— Braces,    Inspecting    boiler $789 

— Breeciiing   design   defect.    Correct- 
ing.    I'ark  •Sie,  Sandstrom 502 

— Bursting   pressure   of  boiler $691 

— Canadian    boiler    regulations,    Uni- 
form     154,  440 

— Cement  furnace  lining,  Gair  Co....    840 

— Check-valve   failure.     Binns 753 

— Cinder  catcher,  St.  George  Hotel.. '918 
— Circulator,    Boiler,    "Kebec,"    Klein 


Co.' 


•173 


— Cleaning  process,  Pyro-Perolin .  .  .  .    276 

— CO3 — A  tool    243 

— CO;  as  indicator  of  boiler  efficiency; 

charts.      Bryan    ^417 

— CO^.,    Boiler    capacity    and.      J.    M. 

$145,  Barnum,  Coltrin,  Cox 279 

— (bO;,  What  it  shows — -Chart  inserted 

at    page    562 

— Coal,   Pulverized — Types   of  appar- 
atus.    Low   ^35 

— Compound     feeder.       McGahey ^929 

— Consol.   Gas,    E.  L.   &   P.   Co.,  Balto. 
— Cost     of     rapid     erection     of    six 

1000-hp.    boilers.      Lathrop ^705 

— Crack  in  shell.     Stark 539 

— Cracks  in  seams.  Detecting,  Jeter's 

method    '56,   535 

— Cutting    down   fuel    bill.   Chargers, 

642.   647 
— Detroit  Edison    plant   S98,  Banquet 

in     furnace     •862 

— Detroit      Rys.      boiler      explosion — 
Proper  tube  expanding  244,   Wells, 

B.    &   W.    Co •245 

— Dome,  W'ater  lodged  in.      Buder.  . .    •"S 
— Draft    and    stoker    control    at    Wa- 
terside.    Bromley •698 

— Draft  inequality,  connected  boilers.$357 
— Draft,  Mechanical,  installation  col- 
lects cinders  and   sparks — Bloedel- 
Donovan    Co.'s    Sturtevant    outfit.. •568 
— Draft  regulation.  Better.  Rockwell   855 
— Economies,      Power-plant.      Boom- 

hower 511 

— Efficiency,    Boiler,    vs.    efficiency    of 

boiler   and   grate $757 

— Efficiency — Defining;  determining.  .$429 
— Efficiency     meters     and     European 

boiler  practice.     Blonck 795 

— Electrolysis,  Effect  of.  Wallace..  541 
— Evaporation  questions.  .$109,  $757,  $819 
— Explosion,  Atlantic  Cy.,  First.  ...  *751 
— Explosion,  Cast-iron  boiler,  Camden  286 
— Explosion,  Continental  Hotel,  N.  T. ; 

gag  on    safety   valve 686,    ^695,  784 

— Explosion,     Crescent     Macaroni     & 

Cracker  Co.,  Davenport,  la.  Bartlett   218 
— Explosion,    English — Safety     valve 

weighted    397,   536 

— Explosion,  Heating  boiler,  Costello 

Bros.',  Chicago   727 

— Explosion  in  Hawaii.     Blacow •179 

— Explosion,  Meridian  cential  station      20 
— Explosion  not   mysterious,   locomo- 
tive     type      of     boiler.      Grampian, 
Penn. — Concrete   in    water   legs....^550 

— Explosion    on   well    driller ^376 

— Explosion,     Spring     Caiion      mines, 

Storrs,  Utah 551 

— Explosions     and     licenses — Foolish 

"editation  "   19 

— Explosions,   Investigate     536 

— Explosions,  Post  cards  concerning  424 
— Feed      lines.      Water  -  hammer      in. 

Israel   176 

— Feed    piping.    Boiler;    Internal    feed 
pipe,  feeding  through   blowoff,   etc.   526 

—Feed-water  expurgator •84 

— Feed-water  regulators   •164,   *312,   •651 

— Firebrick  lining.    Renewing    $283 

— Firebrick    mixtures   and    refractor- 
ies.    Walden    929 

— Flue  blower,  Natl.  Co.'s  "Reiter" .. '267 
— Frictional  resistance  of  plates.  .  .$283 
— Furnace  air,  Electrifying.  Dunkley  71 
— Furnace  air.  Preheating  24,  179,  217,  '653 
— Furnace,  Building  smokeless.  Shoe- 
maker     101 

— Furnace-door  repair.  Longstreet .  .  ^539 
— Furnace-door  safety  catch.  Pascoe.«537 
— Furnace    door.    Safety,    in    setting. 

Johnson     .538 

— Furnace,    The    Nicholson ^848 

— Fusible  plugs  271,  272,  278,  395,  398. 

— Fusible      plugs      and      low  -  water 
alarms.     Hawkins  53S,  Farnsworth.»577 

— Fusible    plugs    for    r.t.    boilers $893 

— Gadsen  plant — Smoke  flue  on  roof.»156 
— Gas,  Flue,  analyzing  outfit.  KohlfT.»447 
— Gasket,  Manhole,  care.     Binns 30 
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— Gaskets,    Boiler.     Olson 463 

— Gaskets,      Flexitallic      flange      and 

tube-cap    'leS 

— Gaskets,  Lead;  molds.  Kjerluff  •24, 

Spurrier    *70,    Pearce 356 

— Graphite  experience,  feeders,  etc. 
Corbin  141,  Lucas  '183,  Tidman  390, 

Cox    542,   CoUister •578 

— Grate    surface    for    r.t.    boiler $893 

— Grate,  Vasil  shaking  and  dumping. *147 

— Handhole    scraper.    Universal 'SOS 

— Head.  Stayed  area  of $617 

— Headers,    Cracked,    on    water-tube 

boiler,  Detroit   ^273,   277 

■ — Heads,  Convex,  Stresses  in.  Gasche 
•10,  Ed.  20,  386,  Vander  Eb.  •817, 
Mass.    rule   and   proposed   changes, 

307,  396 
— Heat  for  beginners.  Bromley  •162,  500 
— Heating    boilers.    Connections    for 

gravity   returns   for.      Terman •133 

— Heating   boilers,    Nashville    rules..    348 

— High-pressure  boilers    813 

— Horsepower,    Boiler.      F.    J.    R $579 

— Horsepower,   Centennial   boiler. ..  .$579 

— Ignition-arch  influence.  Harrington   419 

— Indiana    boiler    law    277,    Types    of 

connections     permitted.       Hawkins 

•503,      Header      ordered      changed. 

Goad *^8^ 

— Inspection  during  construction....  277 
— Inspection     laws,     Operation     of — 

Court  decisions.      Street 431 

— Insulation  prevented  heat  losses, 
Chamber     of     Commerce     building, 

Detroit 460 

— Insurance,    Is    yours    a    gamble? — 

Cartoon    •365 

— Joint   efficiency.      C.    F $31 

— Joint,    Welded,    stresses.      Terman, 

•90,  100 
■ — J  o  i  n  t  s.      Diagonal,      Calculating 

strength    of.      Terman •353 

— Joints — Greatest  pitch   unit  length. $109 

— Joints.  Sawtoothed.     Jeter '143 

— La  Salle  Hotel  plant — Saving  by 
stopping    steam    leaks,    remodeling 

boiler   furnaces,   etc ^628,   648 

— Laws  and  their  application  to  man- 
ufacture of  stock   boilers.     Dana..  •432 
— Laws  of  various  states — Cartoon.  .'ISS 
— Laws,  Uniform,  Boiler  makers  meet 

to  promote 513 

— Legislation,  Power-plant    67 

— Legislation,   Uniform.      Harris 654 

— Lemb    system,    boiler   setting ^707 

— Louisville — Waterside  station  boil- 
er room  ^329,  Boiler-room  indicator.^331 
— Management,   Boiler-room.    Cuynne   670 
— Marine     Boiler     Management     and 

Construction.       Stromeyer     t830 

— Marine  Steam.     B.  &  W.  Co t44 

— Mass.  law  and  rules.  Andrews  270, 
306,  346,  Proposed  changes  395, 
398,  626,  849,  866,  Errata  551,  Fusi- 
ble   plugs 271,    272,    278,   395 

— Milwaukee's    largest    elec.    station, 

•293    899 
— "Nevada,"   Boiler   pressure    on.....'  507 

— Nonreturn     valves.       Hawkins '735 

— Oil       Fuel       for       Steam       Boilers. 

Strohm     t830 

— Oil   fuel,  marine  use.     Kirkaldy...    361 

— Oil,    removing,   from   boilers $357 

— Overload  of  boiler.     W.  S.  H $505 

— Panama   inspection   rules 216 

— Patch    on    boiler.    Placing $819 

— Patching     boilers.       Hawkins     ♦25, 
Regral    •275.    Shears    2S0,    Terman 
•353,  Miles   sn.'i.   Stark    539,   Hawley  616 
— Phosphorus  in   steel.     Rosenhain..    361 
— Plate     of     high     tensile     strength. 

Objection  to $789 

— Plates,  Thick;  joints,  etc.  Jeter.  !«884 
— Power-plant  design  •692,  •724,  758,  •790 
— Preservative.  Johns-Manville.  tested  491 
— Pumps,     Centrifugal     boiler  -  feed. 

Adams    934 

— Quincy  Market  Co.'s  plant  ...!!!!»800 
— Railroads,  Shall  they  inspect  their 

own   boilers?    612 

— Repair  job.  Quick,  Firebox....!!.!      59 
— Return-tubular  boiler  heating  sur- 
face      {857 

— Safety   first    in    plant 813 

— Safety-first      legislation.      Does      it 

handicap    plant?    385 

— Sawmill    plant,   Unsafe    portable...    788 

— Scale    preventer.    Mechanical •SSS 

— Seams,    Relative    strain    on 370 

— Setting  for  wood  burning.  Rock- 
well,   Everett    lol 

— Signal  system.  Engine  and  boiler- 
room.      Conklin    652 

— Siphonage    between    boilers $283 

— Skimmer,    Gravity.      Noble 'ISS 

— Skimmer.  Schreiber,  Lincoln  Co.'s.  .  '6 
— Smoke      abatement      vs.      economy. 

Plaisted    248 

— Smoke   consumer,  Morse   •235 

— Smoke   preventer.    Aube    •206 

— Smoke  problem.  Pittsburgh,  report, 

— Smokeless    combustion.    Obtaining! 

Hurst   540 

— Soda  ash  in  boilers.    Hurst 103 
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BOILER — Continued 

■ — Soot   blower.    Diamond    dry-jacket .  *746 
— Soot-blower  pipe  corrosion.  Hurst.  *1S1 
— Soot  blower,  Bennett-Dluge   "Plan- 
et"      ♦714 

— Specifications,  Uniform,  and  license 
and  inspection  laws — A.  S.  M.  E. 
hearing,  etc.  216,  313,  398,  401,  462, 

469,  536,  612,  S14.   863 
— Staley    plant,    Decatur;     automatic 
coal  and  ash  handling;  cost  saving. 

Wilson     *2 

— Stay-bolts,     Holding    strength     of, 

McCabe    '137 

— Steam  chart,  hand  firing.  Hyde..»lS3 
— Steam  cost,    Cleveland — Correction, 

etc 94,   750,   864 

— Steam-elec.  generating  stations. 
Recent  developments  in.     Hunter..    897 

— Steam,  Figuring  cost  of t789 

— Steam  jets — Formula.  Pearce....  29 
— Steam-liberating    surface    per    hp.  .^429 

■ — Steel,    First   American    boiler 792 

— Stop  valve,  Bradford  nonreturn ..  •886 
— Stress     distribution     in     materials, 

361,   362 
— Stress,   Relative,    in   horizontal   and 

girth    seams     $857 

— Study   course    251,   284 

— Superheat   alarm,   Adelaide    plant.. *555 
— Test,  A;  steam  jets  for  smoke  pre- 
vention.     McGahey    '21,    217,    Mac- 
Lean  217 

— Test,  Destruction.  Surprising  re- 
sults— Flaw    in    sheet '18 

— Test  reports.  Simplifying.  Morri- 
son  687,   Kent,   Fisher 852 

— Transportation  difBculties,  Aus- 
tralia     '635 

— Tube,  Burst — Split  in  weld 'SOS 

— Tube  expanding.  Proper  244.  Wells  *24o 
— Tube  failures,  Richmond  Lt.  &  R.R. 

Co 5U 

— Tube,  Fire,  cleaner,  Lagonda  tur- 
bine-driven      'sy 

— Tube,    W.t.    boiler.    Replacing 1429 

— Tubes,    Foul,    cause    smoke SSS 

— Tubes,    Iron    and    copper.    Relative 

evaporation  with tl09 

— Tubes,    Tool    for    detecting    weak. 

Cran    '599 

—Uptake   diameter.      B.    V 1249 

— Vertical  boiler  expansion  differ- 
ence     tlOH 

— Virginian    Power  Co.'s   plant '406 

— Water-column  connections.  Rob- 
ertson     '774 

— Water  level,  connected  boilers. ...  1757 
— Water-tuhe  boiler.  New,  Parker's.  •4S2 
— Water-tube   boilers.   Cleaning   caps 

of     660 

— Winslow  liiKh-pressure  boiler  795,_^824 

— Wisconsin    has   boiler   code 3oO 

— Worthington  boiler  setting.  New.*S60 
Bolt     holes.     Flange,     Spacing     tlSo, 

Park   755 

Bonus   board,  Milwaukee   elec.   sta...*296 

Book    knowledge    theoretical? 314 

Bonierang,    A    925 

Boomhower.  Power-plant  economies  510 
Boo.sters.   Applications  and  types   of. 

Randolph    •236,  ^262 

Boring  bar,   Boxill    &   Bruel ^594 

Boring  cable    drum.      Mattison '786 

Boring  out   cylinders.      Carter •102 

Bosler.  Automatic  coal  sampling.  .•639 
Boston  Edison  stations.  Hunter....  SSS 
Boston — Engineer     recognized.     Deer 

Island    plant    SS7 

Boston   hydro-electric   project    ......    612 

Boston  license    ex.am.    questions 392 

Boston   smoke  report   394 

Bottle  works  gas-engine  plant *132 

Boulvin's   compression   tests.    Heck.. •593 
Boxes,   Brass   vs.    babbitted.      Cultra, 
Robinson,   Bcnefiel,   Hawkins,    Col- 
ton     '246 

BoxllI    &   Bruel   boring  bar '594 

Boydon,      Cylinder    failure    •GO,    21S, 

•355,  650,   SI  5 

Bracket    for   oil    cups.     Johnson •540 

Bradford  boiler  stop  valve •SSfi 

Brake,  Prony,  simplification.  Griffln.^654 
Brake,  Prony — Study    questions    *ltil,  220 

Brake   pulley.  Water-cooled    *~„, 

Rralev.      Economy   that  wasn't '729 

Brame.      Fuel    t44 

Brashear,   .1.    A. — Sketch;    portrait ..  .'Ses 
Brass    vs.    babbitted    boxes.      Cultra, 
Robinson,    Beneflel,    Hawkins,    Col- 
ton    •21'' 

Brasses,  Replacing  valve  and  eccen- 
tric   rod     I'J-'l 

Bread  bakery.  Acme  Tea  Co.'s •906 

Break,     Crankshaft.     What      caused? 

AFerrill    •613.    Pagett,    Carpenter...    lal 
Breeching   design    defect.   Correcting. 

Park   •316.  Sandstrom S02 

Brennan.     Care   of  low-tension   ignl-   __ 

tlon  systeoi    •  ■  • 

Brewery  plant,  Pabst.  Milwaukee  303,^ 

Brewery  plants.  Schlitz.  Wil.son  •322, 
Coal  vard    303 

Brewster.  L.  Ij.  Transmitting  power 
by  compressed   air    33 1 
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Brine,  Calcium-chloride,  advantages. t7S9 
Brine  circulation.  Poor,  cause  of  de- 
creased ice  output.     Neff ^125 

Brine    pump,    Quincy    Market's '914 

Bristol     recording     tachometers     '15, 

Long  distance  transmitting  system. ♦916 
British.      See    also    "English."    "Man- 
chester," etc. 
British    Asso.     for     Advancement     of 

Science,  Australian   meeting 361 

British    Col.    power    developments...    624 

British  thermal   unit.  The 847 

Bromley.  Repairing  large  chimney 
•48,  Lecture  on  heat  *162,  500, 
Brooklyn  Edison's  new  turbine 
•442.  461.  Fuel  Economy  t664.  Draft 
and  stoker  control  af  Waterside 
•698,  Jenckes  low-pres.  turbine 
plant  ♦764,  Quincy  Market  Co.'s  re- 
frigerating    station,    Boston,     •79S, 

814,   843,   •S7S,   •914 

Bronze    boxes,     etc. — Discussion •246 

Brooklyn  Edison — Refuse  from  in- 
take    tunnel     •333,     New     turbine. 

Bromley    •442,  461 

Brooklyn  school  gas-engine  accident.^935 

Brower.     Weir  chart    '9 

Brown,    E.,    on    gas-producer    testing. 

Schwarz    22 

Brown  Inst.  Co.'s  electric  indicating 
pyrometer  ^54,  Resistance  ther- 
mometer     •175 

Brown  Valve  Co.'s  steam  trap *739 

Bruce-Macbeth  gas-engine  waste- 
heat   recovery    ^494,    752 

Bryan.      CO.    as    indicator    of    boiler 

efficiency     ^417 

Buckeyemobile    temperatures     ^495 

Buffalo  license  law  unconstitutional, 

154,  177 
Building,      Office,      plant     economies. 

Boomhower    510 

Building,      Office,      operating      costs. 

Lighty    '238 

Building   upkeep   cost   per   sq.ft ISi 

Bumped  heads  '10,   20,   307,  386,  396,   »S17 

Bunkers.  Steel,  Concrete  lining ^812 

Bureau  of  Mines — Natural-gas  waste 

461.  Various  papers  t43.  t474,  t625,  t936 
Bureau    of    Standards — Kw.    and    hp. 

720,    Electrical    safety    rules 806 

Burgess  Sulphite  Fibre  Co.'s  plant..   •51 

Burke    furnace.    Gravity-feed •3S2 

Burnouts,  Alt. -cur.  magnet.     Horton.^427 
Busbar   corrosion    and   protection  ...  .$819 
Busey.       Centrifugal-fan     character- 
istics     'loo 

Bushing    cable    drum.      Mattison •7Sb 

Business  grease    17S,  21» 

Business  honesty    j9 

Buying  power  machinery 647 


Cabinet,  Magazine  filing.  Lawrence  ^21 
Cable     clamp.     Home-made.       Hodge 

•171,  L.  M.  Johnson  392,  E.  O.  John- 

541 

Mattison •7S6 

Cable  drum.   Reversing.     Piper ^614 

Calculator,     Small,     Small     &     Co.'s     _ 

pocket    Sio 

California  water-power  agreement..    867 

Calorific  value   of   fuel tS93 

CaloriKene,   Hail!    -"a.    '60 

Canadian    boiler    laws.       Dana    •432, 

Uniform  regulations    1:)4,   440 

Candid  chats •79,  •403,  'eSi 

Caps  of  water-tube  boilers.  Cleaning  660 
Capscrews,  Replacing  broken.  Juno.»S91 
Car,    Coal.    Dumping    by    upending.  .  .•367 

Car   ventilation.     Cooke H'i 

Carbon     dioxide.       See     also     "Gas, 

"Boiler." 

Carbon    dioxide — A    tool .  ■    -i*-! 

Carbon  dioxide  as  indicator  of  boiler 

efflciituv;    charts.      Bryan •417 

Carbon    .lioxide.   Boiler   capacity  and. 

J    JI     ■fM.'i.  Barnuni,  Coltrin,   Cox 


Car'hoii    ilio.'iide — Cutting    down    fuel 


642,   647 


•683 


hill    

Carbon     dioxide  —  Home-made     gas 

analyzer.     Saxe ■■■  ■' 

Carbon      Dioxide      Recorders,      I'uc! 

Economy  and.     Maujer,  Bromley.  .t664 
Carbon   dioxide.  What   it   shows — In- 

sert  ch.irt  at  page '><'^ 

Carbon    monoxide — Incomplete    com 


stir 


effect  of  gas-engine  oil. 

Test   for.     Cook 

Care  of  machinery  and  tools.. 


Carneel 


St.    of   Tech. 


.J893 

620 
4  68 
663 

S5 


Ne^v    combined    thesis 

Caution   to   beginners.      Johns 

Cement.  Belt    

Cement.   Ellison 

Cement   for  switchboard  repair 

Cement   furnace  lining,  Galr  Co 

Cement.  Iron.  Repair  with.     Meredith   S5.^. 

Center.  Placing  engine  on t'05 

Central    States  Water-Works   Asso...    400 
Central    station    vs.    isolated    nlant: 
—Analogy   for   thoughtful— Cartoon. •589 

—Candid  chnt   ■  ■  • '   „i! 

— Cleveland   In   darkness 925.  336 

—Coll 


108 
455 
394 
935 
840 


I'v  centr.nl -station  suggestion. *922 
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— Congress  and  public  utilities....  849 
— Dime  Savings  Bank,  Detroit.  .^194,  252 
— Economy  that  wasn't.  Braley .  . .  .•729 
— Explosion,  Meridian,  causes  tieup..  20 
— Isolated    plant    should    win.    Why. 

Jackson   846 

— Municipal   coalition    68,  78,   223,  624 

— N.    T.    Edison    decision 139,153 

— N.   Y.   engineers'   fight 191 

— Pittsburgh   school    contract   revolt.    588 
— Private    plant   shows   large    saving. 
Wilson    681,    No    place    for    central 

station   685 

— Your  future — What? — Cartoon   ....•665 

Central    stations,    Milwaukee.  .....  .•SOI 

Centrifugal.  See  also  "Pump,"  "Fan," 

"Blower." 
Centrifugal  force — Study  course  •466,  506 

Chain  drive.  Motor.     Fox 566 

Chain-grate   settings.      Monnett  •532, 

•560,  (Errata  660,)  ^607,  'GSS 
Chances,  Result  of  taking.  Hilliard..  390 
Chargers.     Cutting    down    fuel    bill, 

642,   647 
Changing  from  440  to  220  volts.  M.  F. 

tl45,  Justus,  Dawson •315 

Chart.  Heat-engine  efficiency.  Thom- 
son     •643 

Chart,   Pipe-friction  and  centrifugal- 
pump    motor    horsepower.  ..  .•384,    •614 
Chart,  Steam,  with  hand  firing.  Hyde.^183 

Chart,  AVeir.      Brower •S 

Chart — What  CO»  shows — Chart  in- 
serted  at   page 562 

Charts,  Air-compressor.  Rosencrants.*232 
Charts  for  condenser  and  heater  cal- 
culations.    Wheeler    ^660 

Charts — Marion  station  performance. ^456 
Charts,   Motor.      Fox — Belts  and  pul- 
leys  ♦564,   Gearing ^565 

Charts,  Saturated-steam.  Smallwood.*715 

Cheap   goods    749 

Check  valve.  Leaky.     Binns 753 

Check  valve,      Powell      White      Star 

dashpot    ^545 

Checkers — Playing  the  game '1 

Chemist,  Fireman  as.     McLaren 890 

Chicago    boiler    settings    and    smoke. 

See  "Monnett." 
Chicago — Commonwealth  Edison  sta- 
tions.     Hunter    898 

Chicago   engineers'    exam,   questions.    282 
Chicago     Pneu.     Tool     Co.'s     "Giant" 

fuel-oil  engine   ^eiO 

Chicago  section,  A.  S.  M.  E 795 

Chicago  smoke  department  and  spe- 
cial  furnaces    •166,   384,    ^264.     See 
also  "Monnett." 
Chimney.  See  also  "Stack,"   "Smoke." 

Chimney  design — Study  course '725 

Chimney  hit  by  shell ^760 

Chimney,  Large,  Repairs  to  Clark 
Thread     Co.'s     by     a     steeplejack. 

Bromley    *48 

Chimney,     1200-ton.     on     structural- 
steel    support.   Baltimore.   Lathrop.^522 
Christie's    air    pump    witli   no    clear- 
ance     ♦606 

Christmas  face,  A  merry '869 

Cinder  -  catcher  performance,  St. 
George    Hotel.     Van   Valkenburgh, 

Tsonherg    •SIS 

Cinder,  Locomotive,   as  fuel.   Nerger.      96 

Circulation,  Boiler,  "Kebec" •173 

City    management.      Waite 783,  795 

Clamp,  Cable.  Home-made.  Hodge 
•171,  L.  M.  Johnson  392,  E.  O.  John- 
son        541 

Clamp,  Emergency  pipe,  Kreutzkamp.*464 
Clamp,  Safety-valve,  Wrightson  ..•654 
Clamping  broken  pipes.  Noble.  ...  ^•SIS 
Clark  Thread  Co.'s  chimney  repair. .  •48 
Clearance,  Air  pump  without,  Chris- 
tie's      •606 

Clear.ance.      Determining      engine. 

Godeke    682 

Clearance  effect  on  m.e.p t320 

Clearance,  Questions  on tSl.   tl09 

Cleveland  in  darkness— Feeder  acci- 
dent        925,936 

Cleveland   municipal   light  plant  750, 

Ballard  864.  Steam  cost   94 

Cleveland — West  Breakwater  plant.  .•730 

Clinkerlng   of   coal.      Marks 932 

Cllnkering  properties.   Coal.      Hubley  796 
Clinkers,  oyster  shells,  stokers.  Haw- 
kins  S7,  Large   351,    Rrown 3S7 

CO..  See  "Carbon  dioxide,"  "Gas," 
"Roller" 

Coal   analyses.  Government t43,   t4(4 

Coal  analysis.  Proximate  vs.  ultimate. t857 
Coal    .Vn.nlvsls    with    Phenol    as    Sol- 
vent.     Parr.  TTadlcy t936 

Coal,   Ash   iiinutnce   on    fuel   value   of 
small     nnthraclto:     charts.        Phllo 
•416.   (errata  •752,)  Ed.  64S.  Ellis..    649 
Coal    bill.    Cutting   down.      Chargers, 

Coal  bunkers.  Concrete  lining  steel. 
M(   Minn.  Steel   plant,  by  Gun-crete 

Co "1- 

Coal  car  dumping  by  upending,  W^an- 

derer  plnnt.   Germany ;-i--Jil 

Coal   chutes,  Special,  Mollne  plant...  •120 
Coal,  Cllnkering  of.     Marks.........    98- 

Coal    cllnkering    properties.      Hubley  796 
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Coal,  clinkers,  oyster  shells,  stokers. 

Hawkins  S7,  Large  351,  Brown 387 

Ccal  crane  blown  down,  Jersey  Cy...*2S7 
Coal — Culm  mountains  disappearing  415 
Goal  —  Determining      evaporation. 

Quizz    673 

Coal.    Fine,    allowable    in    shipments. 

Hurst   102 

Coal      handling,      Automatic,      Staley 
plant:     coal     scales,    Ferro-Inclave 

bunker,    etc »2 

Coal    handling,   Milwaukee    elec.    sta- 
tion      •295 

Coal    handling,    Quincv    Market    sta- 
tion     •799 

Coal   handling.    Saving   in.      Dennis..    144 
Coal  handling.  Virginian  Power  Co...^410 
Coal,  Kansas,  Effect  of  washing.  Pot- 
ter      901 

Coal — Lignite    burning.      Philips •739 

Coal   mine.     See  also  "iMine.' 

Coal-mine  plants.     Rogers  •IS,  'ISS.  '922 

Coal,  Origin  of.     White,  Thiessen f  936 

Coal,    Poor — If    we    could    have    our 

„  ■svay    •117 

Coal    production.    U.    S.    223,    Various 
states    15.    104.    161,    214,    341,    348. 

3S4.  446.  Anthracite 124,  161 

Coal.   Pulverized,   for  steam   making. 

Low    «35 

Coal    sampling.   Automatic,    by  Phila. 

Rapid  Transit  Co.     Hosier '639 

Coal  sampling.  Human  element  in  99. 

Dunkley    24S 

Coal-saving   compounds 251,    749,   760 

Coal  scale  beam  in  engine  room.     Mc- 

Gahev    •73 

Coal.  Slack.  Hocking  Val.  Smitli!  ! '.'.'.  575 
Coal    storage    bin,    McKee's    "Baker" 

suspension    •267 

Coal  storage,  etc.,  problems '725 

Coal    testing.    Laboratory,    Value    of. 

Jackson    70 

Coal  weight   and    bulk    46S,    Erratuni   545 

Coal   yard.     Schlitz     brewery 303 

Coaling  plants.  Milwaukee •303 

Coals.    Different — Comparing    power- 
plant  efficiencies.     Smith  •213.  Reid   3S9 

Cochran  Speednut  wrench ^341 

Coils.    Oil-soaked.      Smallev 352 

Coke  as  file  brush.     Fortnev 464 

Coke.  Facts  about  473.  Erratum 545 

Coke   settling  chamber.      Pearce 107 

Collector  and   draft    fan •Ses 

Combustion,   Incomplete,  Loss t893 

Combustion,  Meaning  of 298 

Commercial  flour-mill  plant,  Detroit 

Wilson   .  .      .S70 

Commerce     St.     station.     Milwaukee, 

•290    899 
Commonwealth  Edison  stations    Chi- 

^  <'a&o    ....    S9S 

Commonwealth  station,  Miuwaukee.  .•303 

Commutation,  Notes  on.  Lamme 548 

Commutator  insulation.  Grohsmeyer       72 
Commutator  lubrication.  Gibson."       .    500 
Commutator   mica.   Guide   for   under- 
cutting.     Wavne    •785 

Commutators,  Care    of.      Marier.  281 

Commutators.  Cutting    out    mica    on 

Foster .104 

Commutators — Emerv    around    dyna- 

mo.     Weaver  855 

Commutators.   Refilling.      Meade  ^775 
Commutators.   Repair  of.      Ginaven..    756 
Compound    feeder    (see    also    "Graph- 
ite.")     McGahey    •929 

Compounds,    Fuel-saving.  ..  .251.    749    760 
Compression   calculations  for  oil   en- 
gines.    Barrett    •632 

Compression,  Effect  of.     Heck !^595 

Compression  plant.  Starting.    Ander- 
son 23,  Keil 219 

Compression,        Running        smoothly 

without   t505 

Compressor.  Air.  See  "Air."'"i3iowi'ng' 

engine." 
Compressor,  Ammonia.     See  "Refrig- 
eration." 

Concrete.   Effect  of  oil   on tl09 

Concrete  lining  steel   bunkers.  Minn 

Steel  giant,  by  Gun-crete  Co ^812 

Condensate,   Weir   measurement    of..    373 
Condenser,  Ammonia,  trouble    Thurs- 
ton      •652 

COXDEXSER.  STEAM 


See 


als 


„_      ,.  "Pump."      "Air     pump." 

tooling  tower."  "\^acuum." 
— Barometer.    Principle    of.      Quizz.. ^782 
— Barometric      condenser      head      as 

heater    460 

— Brooklyn     Edison     turbine     equip- 

nient ^444 

— Condenser    pit.    Waterside    Station 

Louisville    'S'S 

— Condensing  surface  per  liw. .  . .  .    .    t357 

— Gadsen  plant  condenser  outfit ^157 

— Gage.  New  condenser.  .Scanes *877 

— Injector     or     siphon     condenser. 

Height  of t505 

• — Intake  tunnel.  Refuse  from,  Brook- 
lyn Edison   ^333 

• — Jet   condensers.  Duplex   pumps  liot 

good  for.     Hurst 616 

— Location  of  barometric  condenser.  .    727 


CONDENSER,    STEAM— Continued 

— Moline   10,000-kw.    turbine    plant.. ^121 

— Performance    of    condensers.    J.    E. 

B 1429 

— Power-plant  design    758 

— Sauquoit  Silk  Mfg.  Co.'s  condenser 
and  cooling  to'wer  for  mixed-pres- 
sure turbine.     Pond  (of  Wheeler  C. 

•t   E.  Co.) •226 

— Surface  condenser  and  heater  cal- 
culations— Charts.     Wheeler   ^600 

— Temperature  difference  of  steam 
and   discharged   condensing  water. +357 

— Tubes,  Condenser,  Splitting  of t691 

— Vacuum,    Percentage    of 574 

Coney   Island,   Isolated   plant   for....    495 

Congress  and  public  utilities 849 

Connecting-rod  brass  expansion  al- 
lowance     •'S,  179,   465,   654 

Connecting-rod    length.    Preserving.  .1505 
Conservation  Congress,  Natl.,  books. t364 
Conservation     matters     before     Con- 
gress,  etc 45,    243     •225 

Conserving  Niagara    215.   Phyvesentz  500 
Conservation.  The  governors  and  749,   761 
Consol.   Gas.  Elec.   Lt.  &  Power  Co.'s 
chimney  •522.  Boiler  erection  costs.^705 

Consular   reports.    Charge    for t664 

Consulting     engineering     gratis     19, 

Corbin    281 

Continental    Hotel    boiler    explosion, 

6S6,  *695,   784 
Control.  Remote,  for  engine.   Cooper.^464 
Controlling  electrical  apparatus,  Re- 
lays   for.      Raitt ^134 

Convex  head  stresses.     Gasche  et  al. 

•10.  20,  307,   386.  396,   '817 
Conveying  belt.  Coal.   Stalev   plant..      ^4 
Cook.  C.  L.     Test  for  carbonizing  ef- 
fect   of   gas-engine    oil 620 

Cooke.  W.  H..  mechanical   stoker.  ..  .^623 

Cooling  brake    pulley.      "Wilson •esi 

Cooling  by  evaporation  512,  J31,  Wci- 

^  mer 722 

Cooling  tower.  Atmospheric,  Jenckes 


Co.'s 


Cooling-tower  design.      Dennis •181 

Cooling    tower    for   oil-engine   jacket 

water.      Garrison    *704 

Cooling    tower.    Natural    draft,    Sau- 
quoit plant •226 

Cooling  tower.  Penn   Mary  colliery.  .^189 
Cooling   towers.    Large    Wheeler,    for 

Texas ^743 

Cooling    transformers.     Washed     air 

for.     Hall   ^sss 

Cooling    water.    Saving.      Reynolds..    684 
Cooling  water.  Shutting  off,  too  soon. 

Hurst   752 

Coon     Rapids     plant     826,     Lighting 

dam     .460 

Cooper   engines   for   gas   pumping. ..  ^229 

Copper-steel     780 

Corbett.       Reducing    engine    test    to 

guarantee  conditions ^414 

Core  cleaner  left  in  piston.  McGahey.  •145 
Corliss.        See      "Engine,      Steam," 

"Valve,"  "Governor." 
Corporation   Schools.   Natl.   .\sso.   497.    515 
Corrode    cylinders.    Does    oil?.... 537,    721 
Corrosion.     See  also  "Boiler." 
Corrosion — Boiler    electrolysis.    Wal- 

^  lace     541 

Corrosion    of    iron     and    steel     pipe. 

Hirst 334 

Corrosion,      Preventing      brine-pump 

plunger   •gis 

Corrosion — Rust  notes    495,   562 

Corrosion.    Soot-blower   pipe.    Hurst.  ^181 
Cost.        See     also      "Isolated      plant." 

plants  by  name.  etc. 
Cost.  Boiler-erection.  Baltimore.  La- 

throp    ^705 

Cost    of    power.      Phillips 567.   574 

Cost.    Steam,    etc.,    Cleveland    muni- 

„  cipal    94    750,   864 

Cost,    Steam.   Staley   plant '4 

Coste.       Fuel,     Gaseous,     Liquid     and 

Solid 1439 

Costs  and  economies       Boomhower.  .    510 

Costs,    Commercial     flour-mill •873 

Costs,   Operating,    Hillsboro,   111 ^261 

Costs.    Operating,    in    a    power    plant. 

Lighty   •238 

Costs,  Operating,  in  small  oil-engine 

plant.      Morris    145 

Cotton    Mfrs..    Natl.    Asso 550 

Coupling  with  keyway  on  face — Line- 
shaft  repair.      Cultra '103 

Couplings.  Motor.     Fox 563 

Court.      See   also    "Law." 

Court    decision — Perceval    vs.    N     T 

Edison   139,   153 

Court  decisions.  Street  45.  115.  127. 
154.  174.  254.  362.  376.  431.  445.  472. 
664.  727.  868.  Where  reports  are  ob- 
tainable     t429 

Cox   portable   dead-weight   tester.  !!!  *634 

Crack  in  boiler  shell.     Stark 339 

Cracks    in    boiler    seams.    Detecting. 

Jeter's  method ^56.   535 

Craftsmen's    convention    ^252 

Crain.      Value    of    exhaust    steam....    811 

Cran.      Tube-inspecting    tool •599 

Crane,  Coal,  blown  down.  Marion  sta- 
tion.   Jersey    City »287 

Crane  saved  bv  bolt 746 


Page 

Crankpin-bearing  record.     Warner..   576 
Crankpin,    Broken,    repaired.       Cun- 
ningham     '426 

Crankpin.   Center-grooved    844 

Crankpin.  Rolling-mill  engine.  Put- 
ting in  new.     Hawkins •SO 

Crankpin   scoring,    one   side    only....t579 

Crankpins.    Truing.      Woolman •29 

Cranks  and  criminals.  Sandstrom...  889 
Crankshaft     break — Cause?       Merrill 

•613.   Pagett,   Carpenter 751 

Crawford.  Ammonia  gas  compres- 
sion      •268 

'  Creed.  Machinery  designing  vs.  re- 
pairing  facilities    •64,  390 

Crocker.     Electric  Motors fSSO 

.Crocker-Wheeler  generators.  Han- 
dling  large    •534 

Crosshead  off.  Getting.  Waldron  •lOS, 

Lee,  Hurst.  Lucas •280 

Crosshead-shoe   babbitting.   Thurston   141 

Crushing  strength  of  plate t505 

Culliney  pulverized-coal  controller..  '36 
Culm,  Mountains  of,  disappearing..  415 
Curves,    Saturated-steam    properties. 

Smallwood    ^715 

Cutler.      Low-pres.   turbines   in   steel 

mills 827 

Cutoff,  Longer,  less  lead JSl 

Cutoff  recorder.  Automatic.  Salmon. 'e?? 
Cuynne.      Boiler-room    management.    670 

Cycle.    Meaning    of J:543 

Cyclone  wrecks  Henderson  plant ...  .*286 
Cylinder  boring  bar,  Boxill  &  Bruel.»594 
Cylinder  clearance  questions.  ..  .131,  tl09 

Cylinder,  Dimensions  of .t320 

Cylinder  failure.  Interesting,  on 
cross-compound  Corliss.  Boydon 
•60.  On  steamship.  Maynard  218, 
Robinson.  Helsmoortel.  Redford 
♦355.  McLaren  650.  Bushing  cylin- 
der.    Carl  •355.  Bonn 815 

Cylinder   joint   design.      Creed ^64 

Cylinder  knock,  Low-pres.  Hurst....  542 
Cylinder,  Lining  ammonia.  McGahey  787 
Cylinder    linings.     Pump,    Removing. 

Little    ^428 

Cylinder,  Remedying  cut.  Wing....  852 
Cylinder — Which    end    receives    more 

steam  ? jiss 

Cylinders,   Boring    out.      Carter ^102 

Cylinders,  Does  oil  attack?  Mayer 
537,  Hamilton,  Wing,  Hurst 721 

D 

Dam,  Concrete,  failure.  Marble  Rock, 

la.     Hull  •622.  Lathrop 815 

Dam,  Coon  Rapids  826,  Lighting.  ..  .^460 
Damper  regulator.  Hand.  Greenlees.'755 
Dams,  Combining  flood  and  power.  .  244 
Dams.       Legal       rights       concerning. 

Street 445 

Dana.      Boiler   laws    '432 

Davies.      Suspending    motors •772 

Day  pulverized-coal  feeder 'SS 

Dayton    city    manager 783,  795 

De  Laval  centrifugal  pump  for  Pitts- 
burgh.  100,000.000-gallon.  Gibson.. ^644 
Dean.      Damages    for    loss    of   water 

power     902 

Deer  Island   engineer   recognized....    SS7 

Delia    Porta.      S.    D J:320 

Delta-star    starting.      Temple •582 

Denny.    E.   B..   Death    of 224 

Depolarized  generator.     Holroyd 756 

Dery's   compression    tests.      Heck.... •595 
Deschutes  river — Remarkable  stream  822 
Design.   Boiler-breeching,    Correcting 
defect    in.      Park    •Sie,    Supporting 

the  designer.     .Sandstrom 502 

Design.     See  "Power-plant." 
Designing,    Machinery,    vs.    repairing 

facilities.      Creed    •"64.    Blanchard..    390 
Detroit  Chamber  of  Commerce  Build- 
ing— Boiler  heat  losses  prevented — 

Armstrong  materials   460 

Detroit,  Cracked  headers  at *273 

Detroit.    Dime    Savings    Bank    Bldg. 

"Wilson    ^194,   252 

Detroit  Edison  stations.     Hunter  898, 

Banquet   in   furnace •862 

Detroit  flour-mill  plant.  Wilson.  ..  .^870 
Detroit  Rys.  boiler  explosion — Proper 

tube  expanding  244,  Wells •245 

Detroit  license   law  amended 663 

Detroit's    municipal     lighting    plant. 

"Wilson •832 

Diagram.     See   "Indicator,"   "Chart." 
Diamond   dry- jacket  soot   blower.  ..  .•746 

Dies   made   of  nuts.      Powers •391 

Diesel  engine.  Largest,  built  in 
America  —  Lyons-Atlas,  for  Ha- 
waiian  Co ^235 

Diesel  engines  in  U.  S. — Table 57 

Diesel  ship.  Paciflc-built.     Osier *95 

Dime    Savings    Bank    plant,    Detroit. 

Wilson    •194,  252 

Direct     current.        See     also     "Elec- 
tricity." 
Direct  current  vs.  3-phase  system  for 
isolated     plants.       Marsh"all     ^211. 

Fletcher    ^501 

Distilling  apparatus.  Water.  Ander- 
son     •856 

Distilling  battery  water.     Cultra.  ..  .•104 

Dock,    Ore.    plant.    Cleveland *730 

Dock  heating.  Boston.     Jones ^209 
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POWER 


Pago 
Doelger  installation — Pulverized  coal  *Z6 

Donts,   Susquehanna   Coal   Co.'s 602 

Door,  Furnace,  repair.  Longstreet .*53y 
Door,  Furnace,  safety  catch.  Pascoe.*537 
Door,  Safety,  in  setting.  Johnson.  .  .'538 
Down-draft  furnaces.     Monnett  *454, 

Heating   boilers.      Monnett •492- 

Draft   and   draft   readings.      Monnett 

•7,  Reducing  smolve  with  steam  jet  *58 
Draft,  Balanced,  patents  upheld....  762 
Draft   control.   Waterside.      Bromley  .•698 

Draft,   Electrifying.      Dunkley 71 

Draft  gage,   Ellison   differential *6Zi 

Draft  gage.    Portable.      Cahert •387 

Draft  inequality,    connected    boilers. $357 
Draft,    Mechanical,    installation,    col- 
lects cinders  and  sparks — Bloedel- 
Donovan    Co.'s    Sturtevant    outfit.. •BGS 

Draft,   Preheating 24,   179,    217.    *653 

Draft  regulation.  Better.  Rockwell  855 
Draft — Steam-jet  formula.      Pearce..      29 

Draft — Steam  jets.     McGahey •21,   217 

Draft  value  for  each  fuel 684 

Drafting  kink — Eraser  handle.  Cahill.^217 
Drain,  Water,  from   oil   reservoir.  ..  .•375 

Driller  and  lathe  combined ^372 

Driller,    Well,   boiler    explosion *376 

Drilling  machine.  Stow  portable •Se 

Drinking   water   systems 459 

Drought  shuts  down   plants 624 

Drum,    Cable,   Reversing    ^614,   Bush- 
ing     ^786 

Drum,     Welded,     deformation  —  New 

South  Wales  tests.  Terman..»90,  110 
Drying  oil  transformers.  McLellan  .  .  274 
Dubbel.      High-Power    Gas    Engines. t664 

Duemler's  flue-gas  analyzer '740 

Durand.     Steel  stack  formula.  ..  .203,  465 

Diisseldorf    Exposition    363 

Dust    collector,    Fedeler •525 

Dwelshauvers  -  Dery's       compression 

tests   •SSS 

Dye    shop.    Heating    and    ventilating. 

Nichols    780 

Dynamo.     See   "Electricity." 

E 

Eccentric.   Effect   of  advancing $505 

Eccentric-strap      friction.     Odd     dia- 
grams  caused   by.     McGahey 'loe 

Economies,  Power-plant.  Boomhower  510 
Economizer.    Producer-gas    plant....    '81 

Economizers,    Fuel.      Jones 453 

Economy  that  wasn't  (poetry).     Bra- 
ley     ^729 

Edge   Moor   boiler   with   wood-refuse 

burning  furnace '311 

Edison    electric-lamp    anniversary.  .  .    587 

"Editation,"    More    foolish 19 

Education.    Industrial    139.    497,    513, 

685,    Fish    151,    Dixon 689 

Education,  Lost,  Making  up 178 

Educational    work.   Association 349 

Edwards,     H.     M.       Elec.     Light     Ac- 
counts     t364 

Edwards    Steam    Specialty    Co.'s    hy- 
draulic extended  water  column.  ..  .•269 
Efficiency  chart.  Heat-engine.  Thom- 

.son    '643 

Efficiency  engineer.  Harrington....  210 
Efficiency  engineer.  Saving  by... 642,   647 

Efficiency,  Machine.  Meaning  of 161 

Efficiencies,   Comparing  power-plant. 

Smith    ^213.  Reid 389 

Egypt,  Humphrey  pumps  for.... 127,  440 
Ehrhardt      &      Sehmer's      gas-engine 

method     ^340 

Elbows.    Designating   degrees   of....t505 

ELECTRICITY 

See  also  plants  by  name. 

— Acme  Tea  Co.'s  plant   '906 

• — Adelaide  municipal  tramway  power 

plant.      Moffltt    ^554 

— American  Inst.   Elec.  Engineers  41, 

114,  •512 

— Ammeters,    Marking.      Hurst 892 

— AmpAre  and  his  work 524 

—Anthracite  Industry,   Electricity  In   794 
— Armatures,    Direct -current.    Locat- 
ing faults  In.      Annett.  .•B72,  •717,  •737 
^Bakersfleld,      Calif,,      power     plant, 

•476,  KSS 
— Balancer  set.  Temporary.  Hull...  ^55 
— Bearings.  Heating  of- — Causes...  917 
— Bird  cripples  power  line.  Mallery.^245 
- — Boosters.     Applications    and     types 

of.     R.nndolph »Z3K.  ^262 

— Cleveland     In    darkness 92.^..   936 

. — Cleveland     municipal     light     plant 

750,  Ballard   864,  Steam  cost 94 

— Commutator  discussion,  etc.  72,104, 

281,  500,   54R,  756,  '775,  •TSS,   855 

— Coon  rapids  dam   S26,  T,lghtlng ^460 

— Denatured         electricity   —    Ttalinn 

scheme  to  prevent  Improper  use..  276 
— Detroit's  municipal   lighting  plant. 

Wilson   '832 

— Direct    current   vs.    3-nha.se   system 

for  Isolated  plants.     Marshall  •211, 

Fletcher    •SOI 

— Dynamo.  Emerv  around.  Weaver  855 
— Electric  T>lght  Accounts.  Edwards. t3«4 
— Field    colls.    Testing.      Annett — For 

polarity  •Se.  For  open  circuit  •168. 

For    short    circuits    and    grounds.  .•299 


Page 
ELECTRICITY— Continued 
— Field   connections.   Parallel.    Rear- 
don    145 

— Furnace  air.  Electrifying.  Dunkley  71 
— Generator,    Depolarized.      Holroyd.    756 

— Generator   efficiency    formula 848 

— Generators,    Direct-current,    Effect 

of  speed    upon.      Fox ^199 

— Generators,  Frost-covered.  Albrecht     72 
— Generators,  Handling  large  direct- 
current  Crocker-Wheeler  for  Ford 

plant     •534 

— Generators.  Low-voltage  direct- 
current.       Fox     •804 

— Heating  apparatus,  Electrical  con- 
trol   of   isolated    vacuum.      Gibson. *621 
— Hydro-electric.  See  "Water  power." 
— Ky.   Traction   &   Term,    plant.   Rog- 
ers •516,  Erratum 670 

— Kv.-A.  and  kw.  ratings  and  effects 

of  low-power  factors.     Temple....    741 
— Kinks  for  operating  man — "Testing 

armatures,    etc.      Secor ^641 

— Lamps.  Incandescent,  Labeling.  .  .$739 
— Lamps,     Nitrogen,     under     varying 

voltage    848 

— Lightning  arresters.  Modern.  Raitt.^874 
— Lighting.  Elec.  35th  anniversary..  587 
— Lighting.  Power  for — Study  course  655 
— Locomotive.  Large.  N.  T.  Cent.  ...•662 
— Long-distance  transmitting,  indi- 
cating and  recording  system.  Bris- 
tol    ^916 

— Magnet   burnout.  Alt. -cur.  Horton.*427 
— Manufacturing.    Electricity    in.    be- 
fore  New   Haven   Sec,  A.   S.   M.   E.   901 
— Milwaukee's    largest    elec.    station, 

•290,   899 
— Mine   hoisting  plant,  Penn.   C.  &  C. 
Co.'s:   units  that  can  run  as  motor 

or    generator.      Rogers 'IS 

— Motor,    Alt. -cur.,    horsepower t357 

— Motor  bearings.  Hot.     Jahnke 281 

— Motor  drive.  Adapting  compressor.  *776 
— Motor  flashing.  Sporadic.  Horton..  101 
— Motor,     Indiana     Steel     Co.'s     large 

induction,    with    Tod    gear *662 

— -Motor    oil    throwing.      Pagett ^752 

— -Motor,  Shunt,  characteristic — Speed 

cold   and   warm 917 

— Motor      sizes.      Centrifugal  -  pump. 

Marshall  •383,  Wayne ^614 

— Motor  trouble  diagnosis.     Carr....^613 

— Motor  troubles.  Pump.     Salt 6S7 

— Motor,  3-phase,  Current  for tlS5 

— Motor  windings.  Changing,  from 
440  to  220  volts.  M.  F.  tl45,  Jus- 
tus.   Dawson    '315 

— Motors.  Electric.  Crocker.  Arendt.tS30 
— Motors.  Induction.  Delta-star  start-  ' 

ing  for.     Temple •582 

— Motors.     Methods     of     suspending. 

Davies    ^772 

— Motors — Principles  and  uses.     Fox. 

•420.   •448.   ^485,  •52S,   •563,    •603 
— Motors.    Protecting    3-phase,    from 

burning  out.      Robinson ^546 

—Natl.    Elec.    Light  Asso •39,   57 

— N.    Y.    Elec.    show 472,   588 

— Oil-testing  set,  G.  E.  Co.'s ^679 

— Photographing  alternating  and  di- 
rect  currents  in  arc  lamp.  Linker.  ^352 

— Pipe   machine    drive.      Jones ^372 

— Polarilv.     Determining.       Ampudla 

•687,  .1  ustus   852 

— Power-factor  indicator.     Randolph.^836 
— Power    plant,    Hillsboro,    111.    Wil- 
son     •258 

— Pyrometer,  Brown  electric  indicat- 
ing        '54 

— Rate  decision  coming,  N.  Y.  Edison. 

648.   750 

— Rate    decisions,    Mo 750.761 

— Rate    regulation.   Power.      Street..   174 
— Rates.   D.   C. — Congressional    law..    S49 
— Regulation  on  150.000-volt  line.  Pa- 
cific Lt.   *   Power  Corp ^512 

— Relavs     for    controlling    electrical 

apparat\is.     Raltt    •134 

— Residual  magnetism,  Lost  or  re- 
versed.     Horton     ^463 

— -Rheostat,       Lead-pencil       starting. 

.Ampudia   ^651 

— Rheostat    repairs,    Temporary 533 

• — Safetv  rules  for  operation  of  elec- 
trical equipment.  Bureau  of  Stand- 
ards'      806 

— Schaffhausen   municipal   elec.   wks. 

Gelser   781 

— Shrlnk-fltting   rotor.     Swaren    ....^816 
— Shunt.    Reactive    interpole.      Fox..    212 
— Starting  unloader  for  motor-driven 
compressors,   Yarnall-Waring    ....•771 

—Static   electricity.      R,    A t31 

— Stator  connection.  Wrong.  Horton.  26 
-  ■Steam-<-Ipc      generating      stations. 

Recent    developments    In.      Hunter  897 
— Steam-pressure  regulator,  Electrlc- 

nlly  opprated.      Giles ^369 

-Steel   Industry,  Electricity  In 663 

— Ptoragn    batterv   water.    Distilling.  ^104 

— Switch.    Large  "disconnecting •662 

■    Switchboard  repair.   <  ement  for...    936 
— Temperatures    In    electrical    appar- 
atus;   Insulating    ma"^rlals.      New- 
I.erry    '39 
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ELECTRICITY— Continued 
— Transformer    connections — Voltage 
combinations.      C.    D.    tl45,   Joslyn.»317 

— Transformer.  Large   testing 835 

— Transformers,  Oil.  Drying.  McLel- 
lan         274 

— Transformers,  Washed  air  for  cool- 
ing.     Hall    •335 

— Transmission  line.  Longest 467 

— Transmission     span.    Long,    across 

Missouri  River    345 

— Transmission  system,  High-tension 

— A.   I.    E.  E.   report 114 

— Virginian  Power  Co.'s  plant ^404 

— Voltage,    Required.       S.    C tl85 

— Water  rheostat.  2200  volts.  An- 
derson     ^184 

— Welding,  Electric,  cost 507 

— Wiring  motors.     Fox •GOS 

Electrolysis,  Effect  on  boilers.  Wal- 
lace         541 

Electrolysis  regulation,  St.  Paul....  746 
Elevator,  Hydraulic,  Capacity  of....t893 
Elevator  operating  costs.  Lighty..^238 
Elevator.  Plunger,  Load  raised  by.. $543 
Elevator  troubles.  Common — Testing 

safeties,  etc.     Israel 710 

Ellipse,  To  find  area  of 883 

Ellison  cement  394,  Differential  draft 

gage •663 

Emergency   stops.   Turbine 177 

Emery  around  dynamo.  Weaver....  855 
Employer     and     engineer,     Harmony 

between •193,  215 

Energy — Study  course •221,  250,  319 

ENGINE,  INTERNAL-COMBUSTION 
See    also    "Gas." 

— A  c  c  i  d  e  n  t.  Peculiar  gas-engine, 
Brooklyn  school   •935 

— Air  compressor  made  from  gas 
engine.     Palmer •389 

— Automobile   engine  hp.   rating t249 

— Balancing  internal-combustion  en- 
gines.     Fullagar ^222 

— Barnhart  Bros.  &  Spindler's  pro- 
ducer pl.ant.     Wilson •SO 

— Bearing,    Repair    to.      Vaughan.  . .  .•ISa 

— Brit.  Asso.  for  Advancement  of 
Science    papers 361,    362 

— Continued   running,   gaso.  engine..   t31 

— Diesel  engine.  Largest,  built  in 
America — Lyons-Atlas,  for  Hawai- 
ian   Co •235 

— Diesel   ship.   Pacific-built.      Osier..    •95 

— Foundation,  New  engine  on  old. 
Pagett •499 

— Gas  engines.  High-power.     Dubbel  t664 

— Gas  engines.  Increasing  output  of 
— Ehrhardt  &  Sehmer's  method — 
Scavinging  and  then  charging  un- 
der  pressure ^340 

— Gasoline-substitute  tests;  water 
and  air  injection,  etc.  Moyer  •569. 
Hirshfeld ^753 

— Gasteam  engines  at  Ford  plant. 
built  by  Hooven.  Owens.  Rentschler 
Co 325 

— Harper's  Gaso.  Engine  Book.  Vcr- 
rill t364 

— Heat-engine  efficiency  chart;  heat 
values  for  different  fuels.  Thom- 
son   ^643 

— Ignition  system.  Care  of  low-ten- 
sion,      Brennan 740 

— National    Gas    Engine   Asso 77 

— Oil    cups,    Bracket    for.      Johnson .  .•540 

— Oil-engine  compression  calcula- 
tions.      Barrett •632 

— Oil-engine  drive  for  existing  ice- 
making   plants.      Kehoe -678 

— Oil-engine  jacket  water.  Cooling 
tower  for.      Garrison ^704 

— Oil    engine,    Nordberg •321 

— Oil-engine    outlook 535 

— Oil-engine  plant.  Small,  Operating 
costs  in,     Morris 145 

— Oil  engines  in   (T.  S, — Statistics....      67 

— Oil.  Fuel,  engine,  Chicago  Pneu. 
Tool    Co.'s   "Giant" 'eiO 

— Oil,  Heavy,  engines  in  small  units. 
Shepherd 77 

— Oil.  Test  for  carbonizing  effect  of. 
Cook 620 

• — Oils.  Comparative  tests  with,  on 
Junkers  engine.     Junge •458 

— Owens-Eastern  Bottle  Co.'s  Cooper 
g.as-engine    plant '132 

— Producer  gas-engine  plant.  A.  O. 
Smith  Co.'s.  Milwaukee.  .....  .301.  ^302 

— Starting  gas  engine.  Trouble  In. 
Ciirren 141 

— Stop,  Gaso.  pumping  engine.  Stand- 
ley •8G4 

— 'Temperatures;  methods  of  deter- 
mining  *zm 

—Valve  .setting.  Gas-engine.    Muench  •547 

— 'Waste-heat  recovery.  Gas-engine — 
Steam  from  rapidly  circulating 
jacket  water — Bruce-Macbeth  En- 
gine   Co.    ^494.    McClelland "r.? 

ENGINE.  .STEAM 

.See  also  "Indicator."  and  details 
such  ns  "Connecting-rod."  "Crnnk- 
pln."  "Cylinder."  'Tlsfon."  "Gover- 
nor," "Valve."  "l-lv^-li.  ol  " 
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ENGINES.   STEAM — Continued 

— Air    compressor    or    steam    engine, 

Nordberg,   for   Canadian   mine '661 

— Ash-lioist      engine     repair,     Emer- 

gency.      England ........      iO 

— Automobile-cutofE  engine.    Butcher,  ^ 

Gibson ,,•••»•"    " 

— Blowing     engines,     Large     Mesta, 

Rapid  erection  for  Woodward  Iron     ^ 

— Capscrews,  Replacing  broken.  Juno  'SSI 

— Center,  Placing  engine  on ... .  .J&utt 

—Characteristic,    Peculiar,    in    start- 

ing.       Carter A'  Vi'^    iao 

—Clearance  determination.  Godeke  68^ 
—Compression.   Effect   of.     Heck.... '595 

Cooper    engines    for    gas    pumping; 

governor  with  speed-changing  de- 
vice.     Barrett ■ : ■  ■  ■  ■    ''''» 

—Corliss-engine    and    turbine    plant, 
Jenckes  Spinning  Cp.'s.     Bromley.   '  i6* 

Corliss  engine,  Old,  Milwaukee  303,  '304 

—Corliss      engines.      Superheat      for. 

Pearce  SS6,  Ed.  S8S,  G.  U .tlib 

—Corliss       governor       compensator, 

j^-^ll's        '^" 

—Corliss'  valve-gear  wreck.  Israel  lOS 
— Crankpin-bearing  record.     Warner   B75 

Cutoff  recorder.  Automatic.  Salmon  '6TI 

— Cylinder    boring   bar ; O'* 

—Cylinder     failure,     Interesting,     on 
cross-compound      Corliss,      Boyden, 
•60,  Maynard   218,  Robinson,   Hels- 
moortel,    Redford,    Carl    'SSS,    Mc- 
Laren    650,   Bonn.,  ............  ••••   Slo 

— Cylinders,  Does  oil  attack?.  ...oJi,   m. 

—Designing   vs.    repairing    facilities. 

Creed  *64,  Blanchard •  •  •  •   »»" 

— Diagrams  from  new  engines.     Mc- 

Gahey   ♦427,   852,   Pearce 690 

Efficiency  chart.     Thomson ....  'bi6 

— Elementary  Manual  of  Steam  En- 
gine.     Lallier tllj 

—Engine  less  efficient  than  boilers.  .711 
— Evans',  Oliver,  license,  of  1814.  ...'JTii 
— Expansion,  Allowance   for  *25,  179, 

■lG.->,   654 

— "Gasteam"  engines.  Ford  plant S25 

—Governor  trouble.  Inertia.  Tichenor  'SJl 

—Half -stroke.    The    quickest J429 

—Heat  engines.     Allen,  Bursley t664 

— Hoisting  engine.  Direct-motion.  . .  .X6tii 
^Hoisting    engine     repairs— Cutting 
shaft    to    replace    pinion.      Luce.  .  .'lOJ 

. — Horsepower-hours.      .1.   M I-s^!* 

— Karpen     factory — Choice     between 

simple  and  compound  engine '590 

— Knock    in    piston    caused    by   loose 

stud       Binns '59^ 

— Knock,  Low-pres.  cylinder.     Hurst  542 

— Lentz   engine    tests.      Moyer l^i 

^Locomobile,  Temperatures  in;  sec- 
tional   view ,■  ■ -J.-^- ■  •  •: 

—Lubrication,  Effect  of  different 
methods  of,  on  moving  parts  of 
reciprocating  engines;  velocity, 
impact     and     clearance     diagrams. 

Polster        • •360 

—Lubrication,   Faulty.     Gibson. ..... •504 

— Oiling   system.   Making.      Hawkins   '63 
— Old-time  engine,  Madrid.  la.  Porter.'J40 
— Old  vertical   engine  without  cross- 
head.      Barrett ........  ■■'lH 

— Pillow  block,  Large,  welded.  Rork  *e5 
— Pounding  when  run  condensing.  ..  ;893 
— Receivers.  Precaution  against  water 

in.      Hurst .500 

— Remote   control.      Cooper *464 

. — Repair  men,  Incompetent.    Wallace, 

499,    Rowe,    Elderkin 690 

. — Repair  to  broken  standard  of  high- 
speed  engine.      Joshi ,>5i 

— Rocking,    Stopping.      Low '208 

— Rods,  Measuring  bent.  Burley .  .  .•756 
— Salesman's   experience.      GrifHn  .  .  .  .    889 

—Self-contained   plant.     Palmer 'MS 

— Set  engine,  One  way  to.     Barr •lOS 

— Signal  system,  Engine-  and  boiler- 
room.       Conklin ^oaZ 

— Steam  consumption  from  diagram  4-617 
— Steam   pipes.   Nonreturn   valves  on. 

Hawkins ••••  •  ■  •  •    l^° 

Studv   questions.  ..  .•187,   ^220,   250,   319 

—Test,"  Reducing,  to  guarantee  con- 
ditions— U.  S.  Metals  Refining  Co.'s 
Nordberg    cross-compound    engine. 

Corbett ■„■  -^  ■:•,••  '*-^^ 

Throttle  valves.  Engine  359,  Quick- 
closing.       Humphrey 390 

— Unaflow    engine.    First    American- 
built   Stumpf — .'\mes  Iron  W^ks.' . .  .'TOl 
—Tnaflow    engine.    Skinner    "Univer- 
sal"  ^777 

XTnaflow  engines,  Europe.    Skinner  •558 

"VVolf    piston    distributing    valve... •SSe 

Engineer    and    employer.    Harmony 

between 'lOS,     215 

Engineer,   Efficiency.      Harrington...    210 
Engineer,  Enter — Exit  politician  783,  795 
Fn^ineer     Industrial    education    and, 
"  139     497,   513,    685,   Fish   151,   Dixon    689 

Engineer,  Night,   off  duty 536 

Engineer,    Operating,    as    purchasing 

aa^ent  423.  Hurst 616 

Engineer — Reading  in  engine  room..    536 

Engineer,   Real    chief — Cartoon '627 

Engineer,  Recognition  for.  Deer 
Island   plant,    Boston 887 
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Engineer,  The   (poetry.)      Strohm 76 

Engineer,  The  warship's.  Hopkins  '797 
Engineer,     Unusual,     who     went     to 

Brazil    for    half -hour's    work 278 

Engineer,    Veteran — Candid    chat.... •697 

Engineering  Congress,  Internatl 286 

Engineering,    Consulting,    gratis    19, 

Corbin 281 

"Engineering  Manual,  The" t40 

Engineering  salesmanship 719 

Engineers.      See      also      "American," 

"Ohio,"  etc. 
Engineers,  Am.  Soc.  Mech. — Papers, 
•35,  ♦114,  Power-plant  legislation, 
67,  Uniform  boiler  specifications, 
216,  313,  398,  401,  462,  469,  536, 
612,  814,  863,  Annual  meeting  plans, 
363,  623,  Annual  meeting;  papers  on 
public  service;  portraits  of  Hart- 
ness,  Brashear  and  Sweet  850,  ^863, 
Chicago  Section  795,  Phila.  Section 
796,  Hunter  on  recent  developments 
in  steam-elec.  stations,  before  St. 
Louis  Section  897,  New  Haven  Sec- 
tion discusses  electricity  in  manu- 
facturing 901,  Dean  on  damages  for 
loss  of  water  power,  before  Boston 
Section  902,  Reformation  of  the 
Society — A   boomerang    925,   Clink- 

ering   of   coal 932 

Engineers  in  public  service 850 

Engineers,    Machinist.      Gleason    217, 

Rendov 537 

Engineers — Market  for  service 498 

Engineers,  N.  A.  S.  E ^289,  'iSJ 

Engineers — Yesterday  and  tomorrow  926 
Engineers'  Asso.  educational  work..  349 
Engineers'  exam,  questions,  Boston..  392 
Engineers'  exam,  questions,  Chicago. 

Christopherson 282 

Engineers'  license  and  boiler  inspec- 
tion laws — A.  S.  M.  E.  hearing,  etc., 

216,   313,   398,  401,  462,  469 
Engineers'       license      law,      Detroit, 

amended 663 

Engineers'    license    law,    N.     Y.    Cy. 

Banger ^742 

Engineers'   license   laws   and   wages. 

Crain 356 

Engineers'  license  ordinance,  Buffalo, 

held  unconstitutional 154,  177 

Engineers'  licenses — Legislation....  67 
Engineers'  licenses,  N.  J.  498,  611,  780, 

784,   Case 615 

Engineers'  licenses  to  handle  heating 

boilers 19 

Engineers'  study  course.  See  "Study." 
English.  See  also  "British,"  "Man- 
English  boiler' explosion 397,  536 

Equalizer     connection,     Making.     P. 

D t691 

Equipment,  Old,  Adapting  to  new  use. 

Morrison ^776 

Eraser,  Handle  for.     Cahill ^217 

Evans,   Oliver,   license,   of   1814 •378 

Evans,  Q.  N.,  Death  of 116 

Evaporation,     Cooling     by     512,     t31, 

Weimer 722 

Evaporation,  Determining.  Quizz..  673 
Evaporation,  Equivalent,  etc...tl09,  t757 
Evaporation  under  stated  conditions  i819 
Examination  questions,  Boston  license  392 
Examination  questions,  engineer- 
custodian,  Chicago.  Christopher- 
son 282 

Examination  questions.  Using 278 

Expansion  allowance.  Connecting-rod 
brass.     Burns     '25,     Johnson     179, 

Pearce   465,   Chamberlin 654 

Expansion,    Steam-line.      Hurst 542 

Explosion.     See  "Boiler,"  "Flywheel," 
"Air  compressor,"  "Heater,"  "Tank- 
ship." 
Expurgator,   Boiler   feed-water ^84 

P 

Fake,   A   perpetual 849 

Fan.     See  also   "Blower." 

Pan  and  blower,  Westinghouse ^919 

Fan,      Centrifugal,      characteristics. 

Busey *200 

Fan,   Collector  and  draft ^568 

Fans — Power-plant  design 820,   ^858 

Farrell    ball    valve •373 

Fatigue  limit.s.  Testing.     Strohmeyer, 

•793,  719 

Fedeler   dust    collector '525 

Feed.      See    also    "Pump,"    "Heater," 
"Water,"   "Boiler,"   "Piping,"  etc. 

Feed  control,  Quincy  Market 'SOI 

Feed-temperature     increase     at     ex- 
pense  of  back   pressure $819 

Feed-water    expurgator ^84 

Feed-water     regulator,     Home-made. 

Matier 'eSl 

Feed-water   regulator,   Ray   continu- 
ous  ^312 

Feed-water  regulator,  Thermofeed.  .*164 
Feeder.      See     "Graphite,"     "Boiler — 

Compound." 
Field     coils.     Testing.       Annett — For 
polarity  'SG.  For  open  circuit  •168, 
For    short    circuits    and    grounds.  .  ^299 
Field  connections.  Parallel.     Reardon  145 
File  brush.  Coke  as.     Fortney 464 
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Filing    magazines.      Lawrence ^27 

Filters,    Mechanical.      Green 795 

Filtration,  Ohio  Riv.  water 400 

Fire  doors,   etc ^537,    ^538,    ^539 

Fire   often.    Are    light.      Strohm ^475 

Fire  protection — Plant  design 931 

Fire,    Salem 68 

Firebrick   lining.    Renewing t283 

Firebrick   mixtures  and   refractories. 

Walden 929 

Fireman  as  chemist.     McLaren 890 

Fireman  fatally  scalded,  Chicago....    360 
Firemen,  Attention  of  386,  Poor  lire- 
men.     Dixon  613,  Powers 854 

Firemen,  Expensive  cheap.     Carl....    786 

Firemen,     Work    with    the 647 

Firemen's    wages 124 

Firing.     See  also  "Boiler"  and  cross- 
references    from    it. 
Firing  heating  boilers.     Monnett.  .  .  .•230 
Firing    without    smoke — Building, 
cleaning  and  banking  fires.     Mon- 
nett    207 

Fish.      Industrial   education    151,   Ed. 

139,    685,    Dixon 689 

"Fitting,"   Correct  use  of  word 886 

Fittings  and  valves,   Proper 100 

Fittings,  Cast-iron,  Behavior  of $819 

Fittings,  Superioritv  of  flanged  over 

screwed $283 

Flange-bolt  holes.  Spacing.    W.  F.  L., 

,$185,   Park 755 

Flange   repair.  Turbine   connection.  .•142 

Flanges,    "Blind"    and    "blank" 822 

Flashing,  Motor,  Sporadic.     Horton..   101 

Flexitallic  gaskets '165 

Float,  When  a  body  will  not 176 

Flood  and  power  dams.  Combining..    244 
Flood,     Small     hydro-electric     plant, 
Iowa,      damaged      by.      Hull      •622, 

Lathrop 815 

Flour-mill    plant,   Detroit.      Wilson.. •870 

Flow  meter,  Republic ^744 

Flow-meter  utility.     Hurst •ISl 

Flow-metering    apparatus.      Levin.. ^114 

Flue  blower,  Natl.  Co.'s  "Reiter" •267 

Flue  gas.  See  "Gas,"  "Carbon  di- 
oxide," "Boiler,"  "Smoke,"  etc. 

Flywheel  explosion,  lola,  Kan •901 

Flywheel  explosion.  Union  Brewing 
Co.,  St.  Louis  ^114,  359,  Humph- 
rey     390 

Flywheel,  Lowering,  into  pit.  Dun- 
ton  541 

Flywheel,   Safety   of,     D.   J $320 

Flywheel  weight   formula $283 

Flywheels — Study      questions       *430, 

•466,  506,  545 

Fools    (poetry.)      .Strohm ^257 

Force  to  stop  a  body $109 

Ford    plant,    "Gasteam"    engines    at, 

325,  Large  generators  for •534 

Ford's  buildings,  Detroit •194,  252 

F  o  t  h  e  r  g  i  1 1.     Heat  distribution  in 

turbine    plants 'ei 

Pottinger  turbine  speed  reduction. . .   9J.2 
Foundation,     New     engine     on      old. 

Pagett •499 

Foundry  heating.     .See  "Heating  and 

ventilation." 
Fox.  Effect  of  speed  upon  direct- 
current  generators  ^199,  Reactive 
interpole  shunt  212,  Motors  *430, 
•448,  ^485,  •528,  "563,  *603,  Low- 
voltage  direct-current  generators   ^804 

Foxboro    temperature    regulator ^823 

Franklin,  A.  B.,   Death   of 363 

Franklin  flue-gas  analyzer ^740 

Franklin  medal.  The •SSI 

Freezing,      Keeping      blowoff      from. 

Rowe *7S8 

Friction    and    lubrication.      Yates.  ..  .^674 

Friction,  Coefficient  of $31 

Friction — Study  course ^32 

Frost  covered  generator.     Albrecht.  .      72 
Fuel    analysis,    Proximate    vs.    ulti- 
mate  $857 

Fuel    bill.    Cutting   down.      Chargers, 

642,   647 

Fuel.      Brame 144 

Fuel    economizers.      Jones 453 

Fuel  Economy  and  C  O2  Recorders.  .  .t664 
Fuel,     Gaseous,     Liquid     and     Solid. 

Coste,    Andrews $439 

Fuel,  Locomotive  cinder  as 96 

Fuel-saving   compounds 251,   749,   760 

Fullagar.      Balancing    internal-com- 
bustion  engines    ^222 

Furnace.      See      also      "Boiler"      and 

cross-references  from   it. 
Furnace   air.   Electrifying.      Dunkley     71 
Furnace  air.  Preheating  24,  179,  217,  ^653 

Furnace  ashpit  design.     Marsh •'733 

Furnace,  Boiler,  Banquet  in ^862 

Furnace,  Building  smokeless.     Shoe- 
maker     101 

Furnace    development.    Return-tubu- 
lar   boiler.      Monnett *93 

Furnace-door    repair.      Longstreet.  .  .•SS^ 

Furnace-door   safety  catch *537 

Furnace   door.   Safety.      Johnson *538 

Furnace,     Double-arch     bridge-wall. 

Monnett ^126 

Furnace,  Dutch-oven,  Advantage. ..  .$185 
Furnace — Lignite  grate.  Philips.  ..  .•739 
Furnace   lining,   Cement,   Gair    Co....    840 
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Furnace,  The  Nicholson •848 

Furnaces,        Down-draft.        Monnett, 

•454,  '492 
Furnaces,  Hand-fired,  for  water-tube 

boilers.      Monnett    •264.   •309 

Furnaces,     Special,     Chicago     Smoke 

Dept.     Monnett •166,  384,  ^264 

See  also  "Monnett." 
Fuses,       Interchangeable       standard. 

Fox '604 

Fusible  plugs— A.  S.  M.  E 462,  470 

Fusible  plugs  and  low-water  alarms. 

Hawkins  53S,  Garnsworth •577 

Fusible   plugs,   Boiler  Mfrs.   on 398 

Fusible  plugs  for  r.t.  boilers t893 

Fusible    plugs.      Hawkins 538 

Fusible  plugs.  Mass 271,  272,  278,  395 

Fusiometer,  The.     Hubley 796 
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Gadsen   power  plant.     Rogers •ISG 

Gage — Anderson  water  column ^97 

Gage    chart,    hand    firing.      Hyde....^lS3 

Gage  cock  shows  steam +429 

Gage,    Draft.      See    "Draft." 

Gage-glass  connections.  Opening. ..  .t429 

Gage,  New   condenser,   Scanes •877 

Gage,  Steam,  connections.  Ander- 
son  •427,  Carpenter,  Smith ^649 

Gage — Water  column,  Edwards  hy- 
draulic extended '269 

Gage,  Water,  Standard  "Okadee"  re- 
flex. Engineers  Specialties  Co.'s...   ^54 
Gages,      etc. — Bristol      long-distance 

recording    system *916 

Gages,    Pressure,    Simplex    Co.'s    Cox 

portable  dead-weight  tester  for...  •634 
Gages,  Steam,  Testing  and  adjusting. 

Bentley '241 

Garbage   incinerator,  Milwaukee   303, 

•304,   341 
Garrison.      .Jacket-water      cooling 

tower ^704 

Gas  analyzer,  Home-made.     Saxe....^6S3 
Gas   enffine.      See   "Engine,   Internal- 
combustion." 
Gas.  Flue.    See  also  "Carbon  dioxide," 

"Boiler." 
Gas,     Flue,     analyzer,     Duemler's 

"Franklin" ^740 

Gas,  Flue,  analyzing  outfit.  Inexpen- 
sive.     Kohler ^447 

Gas,  Flue,   Heat  liberated  by 4:819 

Gas,    Flue — Overloaded     stacks,     due 

to    excess    air 216 

Gas,    Flue,    Sampling t819 

Gas.   Flue.   Thermometers   for t893 

Gas   for   heating — Discussion 113 

Gas,  Natural,  output,  U.   S 493 

Gas,   Natural,   Waste    of 461 

Gas,  Producer,  for  industrial  and 
power  purposes,  Barnhart  Bros. 
&     Spindlcr's;     economizer,     static 

washer,  etc.     Wilson ^80 

Gas  producer  for  refuse  and  low- 
grade    coals,     Kynoch ^167 

Gas,  Producer,  scrubber  material....    1:31 
Gas-producer   testing — Thermocouple 

connection.     Schwarz,  Brown 22 

Gas  producers,   Steam   in 807 

Gas  pump,  Humphrey  American- 
built,   for  Tex.     TrUmp •767 

Gas  pumps,   Humphrey,   Egypt... 127,  440 
Gas  pumping   station,   Medine.     Bar- 
rett  ^229 

Gas,   Sewer,  Power   from 562 

Gas,   Standard  cubic  foot  of t617 

Gasche  et  al.  .'Stress  in  convex  heads, 

•10,    20,    307,    386,    396,    '817 

Gasket,    Manhole,    care.      Binns 30 

Gasket,  Putting,  in  heater.     Solomon. *928 

Gaskets,  Boiler.      Olson    463 

Gaskets,      Compressor  -  valve      plug. 

Hcrr   687 

Gaskets.  Flexltalllc  flange  and  tube- 
cap    •IBS 

Gaskets,  Lead  boiler;  molds.  Kjerluff 

•24,   Spurrier    •70,    Pearce 356 

Gasoline  engine.     See  "Engine,  Inter- 
nal-combustion." 
Gasoline     substitutes — Tests.     Meyer 

•.■)69,  Hirshfeld    •753 

"Gasteam"  engines  at  Ford  plant....    325 

Gear-drive  chart.   Motor.      Fox •565 

Gear.  I>arce  motor.  Tod •662 

Gear   wheel.    "Pitch"    of t757 

Gears.    Turbine    reduction 911 

Geiser.      Schaffhausen   elcc.    plant....    781 
General    Elec.   Co.'s  centrifugal-pres- 
sure   governor    for    steam    turbines 
•339.     Large    apparatus     *662,    Oll- 

testlnc  set    •«79 

Generator.     See  also  "Electricity." 
Generator,  Frost-covered.   Albrccht..      72 
Generators,  Direct-current,  Effect  of 

speed     upon        Fox 'lOS 

Generators.  H.nndllnc  large  direct- 
current  Crocker-Wheeler,  for  Ford 

plant     '534 

Generators,  Low-voltage  direct-cur- 
rent.    Fox '"91 

German  mfc    power  plant.  Wanderer. •366 
"Glint"     fuel-oil     engine 'eiO 


Page 
Gibson.    G.    H,      Turbine-driven    cen- 
trifugal   pumps     tor    water-works 
•489.      100,000,000-gal.      centrifugal 

pump    for    Pittsburgh ^644 

Gibson.  H.  G.  Remedying  pump  trou- 
bles     'SS,      Electrical      control     of 

vacuum   heating  apparatus ^621 

Giles.  Electrically  operated  steam- 
pressure    regulator    •369 

Glossarv  of  public-utility  terms.  Al- 
lison       150 

Godeke.  Determining  engine  clear- 
ance        682 

Goose,    Killing    the — Cartoon •BSS 

Governor.    Automatic-cutoff     engine. 

Butcher.  Gibson    218 

Governor  compensator,  Hall's  Cor- 
liss  ^746 

Governor    fluctuation.      C.    R tlS5 

Governor,     Hydraulic    water-turbine. 

Pitman's    ^57 

Governor,  Inertia,  trouble.  Tichenor .•SOI 
Governor,  Loewenstein's  centrifugal- 
pressure,  for  steam  turbines,  G.  E. 

Co.'s    *339 

Governor,  Pump,  and  lubricator  con- 
nection.     Poch    •lOS 

Governor,  Quincy  Market  compressor, 
driven  through  automobile  trans- 
mission gears    •878 

Governors,  Turbine,  Milwaukee  sta- 
tion    ^295 

Governors'  conference — Conservation, 

749.   761 
Gradenwitz.        4000-hp.      centrifugal 

pump    ^413 

Grandon.      Lifting   ice   cans 'SO 

Graphite  experience,  feeders,  etc 
Corbin     141,     Lucas     •183,     Tidman 

390,  Cox  542,  Collister •578 

Grate  bars.  Cheap,  Fallacy  of 19 

Grate  b.ars,   Nicholson    ^848 

Grate,  Lignite-burning.  Philips.  ..  .^739 
Grate,     National     smokeless     stoker. 

New    Albany    •oS 

Grate  surface  for  r.-t.  boiler tS93 

Grate,  Vasil  shaking  and  dumping.  .^147 
Gravity    returns   for   heating   boilers. 

Connections  for.     Terman •ISS 

Greaser,    Portable.   White's ^242 

Green.     Mechanical   filters •795 

Griffin.  Animal  and  vegetable  oils.  .  636 
Grounds    in   field   coils.     Annett   ^299, 

In    armatures    •672 

Gulickson  boiler  furnace '93 

Gunite  lining  steel  bunkers 'Sl^ 

H 

Half-stroke,  The  quickest 1:429 

Hall,  C.  P.,  Corliss  governor  com- 
pensator     •''49 

Hall,    M.      Washed    air    for    cooling 

transformers •SSo 

Hall  Steam  Pump  Co.'s  volume  reg- 
ulator   for    compressors *13 

Hammer  handles.  Oil  in.     Little •465 

Hammer,  Handv  soft.     Hawkins  182, 

Wilson ^464 

Hammer   of    steam    hose.      Fenwick..    ^27 

Hammonil    water    meter *128 

Handholc    scraper.   Universal *308 

Hard  job.  Doing  the 423 

Harrington.     The   efficiency  engineer 

210,    Tgnition-arch    influence 419 

Hartness,  James  ^864,  His  address..  86:: 
Harvevs  impvd.  AVright  pipe  wrench. •412 

Hauto"  plant — Correction    154 

Hawaii.  Boiler  explosion  in.  Blacow.^179 

Hawkcs   boiler ■  *266 

Hawkins.  Making  oiling  system  •63. 
Opera  tins.'  underfeed  stokers  S7. 
?..il,  ?.>■',  Calculating  pump  slippage 
743.    :i27.    92S.   Nonreturn    valves   on 

steam  pipes   *735 

Headers.     Cracked,     on      water-tube 

boiler,    Detroit     ^273,   277 

Headroom     for     smokeless     settings. 

Monnott     ,•  •*S85 

Heads,  Convex.  Stresses  in.  Gasche 
•10,  Ed.  20,  3Sn,  Vander  Eb.  ^817, 
Mass.    rule   and    proposed   changes, 

307,   396 

Heat.     Shealy   -. "J28 

Heat — British  thermal  unit S47 

Heat   distribution    in    turbine   plants. 

Fothergill     ■■ "1 

Heat-enirlne  efficiency  chart.  Thom- 
son     '°*^ 

Heat   Engines.      Allen.   Bursley t664 

Heat  in   fuel.  What   becomes  of?         tsi.!* 

Heat,   T,:itent    and    total.      Qulzz 136 

Heat — T.foture  for  beginners.     Brom- 

ley  •162,  .'iOO,  Morris 500 

Heat    losses    prevented.    Avoidable — 

Boiler  Insulation 4*0 

Heat,     Mechanical     equivalent     of — 

Quizz  ^55a 

Heat,  Mechanics  and.     Anderson 1440 

Heat — Study  course    •  •  •   281 

Heat,    Waste,    recovery.    Gas-engine, 

Heater  ,  a Iculat Ions— Charts.  Wheeleri'eOO 
Heater  —  Coke      scttllni?      chamber. 

Pearce 107 

Heater.       Eleolrlc  -  plant.       explodes. 

Newark,  n  '^°° 


Page 
Heater,  Home-made  feed-water.  Rob- 
inson   ^502,    Pearce 816 

Heater,  Metering,  Moline  plant ^121 

Heater,   Open,   Barometric   condenser 

head  as    460 

Heater,   Open,   Vent   and   waste    trap 

on    t283 

Heater,  Putting  gasket  in.  Solomon. ^928 
Heater.  Water,  in  supply  tank.  Hurst.^539 
Heaters,   Closed — Auxiliary   economy. 

Starkweather,    Campbell    '69 

Heaters,  Feed-water.     Carl 540 

Heaters,  Feed-water,  Drainage  to..  877 
Heaters — Power-plant   design    758 

HEATING  AND  VENTILATION 

— Air  filtering  for  indirect  heating.  .1320 
— Boiler    explosion,     Costello    Bros.', 

Chicago   727 

— Boilers,    Connections    for     gravity 

returns  for;  check  valves.  Terman. •ISS 
— Boilers.  Down-draft  heating.  Mon- 
nett      ^492 

— Boilers,     Hand-fired     settings     for. 

Monnett     *230 

— Boilers,  Heating,  Nashville  rules..    348 

— Boilers,  Licenses  to  handle 19 

— Car  ventilation.      Cooke 112 

— Dye  shop.  Heating  and  vent.  Nich- 
ols      780 

— Exhaust-steam  heating  connec- 
tions  t357 

— ^Fan  and  blower,  Westlnghouse. . .  .•919 
— H.  &  V.  Engineers  meet,  Cleveland. ^112 
— Hillsboro  exhaust-steam  heating. ^258 
— Karpen  factory  exhaust-steam  use.^oSO 
— -Pier.     Boston,     largest     in     world. 

Heating  by  steam  and  air.     Jones. ^209 
- — Pipe    coils.   Steam   required   for....t5T9 

— Pipe   heating   surface   per   ft +857 

— Power-plant  design — Heat  losses 
of  shop  buildings;  boiler  power, 
etc.  •692.  Ventilation  759.  •792.  Pip- 
ing •790.  Fans  and  heaters  820. 
Hot-blast  heating  in  shop  and 
foundry  •SoS,  Details  of  direct 
heating,  pipe   mains  and   conduits. *S94 

— Radiation,   Figuring.     Durand 356 

— Return  water.  How  it  acts  in  pipe. 

Quizz    •52 

— School  heating  and  ventilating  su- 
pervision, N.   Y.   Cy 313,  326 

— Seaview  Hospital  plant.  Blake...  •606 
— Steam,  Exhaust,  Value  of.  Crain .  .  Sll 
— Steam   required   for   warming  air.. 1:757 

— Stored  heat  in   German  castle 714 

— Temperature    regulator.    Industrial 

Inst.    Co.'s    "Foxboro"    ^823 

— Vacuum  apparatus.  Electrical  con- 
trol  of   isolated.      Gibson ^621 

— Vacuum  heating  without  thermo- 
stats.     Henry    572 

— Vacuum  system — Connecting  drips. t357 
— Vacuum  system.  Improving.  Fitz.  .    3SS 

— Vacuum   system — Pump    size     1:357 

— Vacuum   system,    .Steam    in    return 

lines    of    1:789 

— Valve,   Vento  automatic ^174 

— Water  heated  by  given  quantity  of 

steam.      E.   (J 1:249 

Heck.      Effect   of  compression •595 

Heinrich's  compression  tests.  Heck.*595 
Henderson  plant.  Cyclone  wrecks.  ..  .'286 
Henrv.       Vacuum     heating     without 

thermostats    572 

Hillsboro,  111.,  power  plant.  W^ilson.*258 
Hirst.      Durability   of   iron   and   steel 

pipe     334 

Hocking  Val.  slack  coal.  Smith....  575 
Hodge.       Home-made     cable     clamp,' 

•171.   392.   541 
Hodgkinson.      Compound   steam   tur- 
bines    ■ ^374.  461 

Hoisting   engine,   Direct-motion t357 

Hoisting-engine  repairs.  Luce  ....•107 
Hoisting  Engineer,  Hunter.     Rogers, 

•16,  •188,  •922 

Honesty,    Business    99 

Hoovenden.  Practical  Mathematics. t6fi4 
Hopkins.      The   warship's   engineer.  .•797 

Hopper.  Chas.  A..  Death  of '904 

"Horseiiowei"    constant"    t789 

Horsepower-hours.       J.    M t249 

Horseiiower.    Kiowatt    and 720 

Horsepower  scale.  Celluloid.  Salmon. •677 

Hose.   Hammer   of.      Fenwick ^27 

Hose  tool.  I'niversal.  McChesney .  .  .•671 
Hospital  plant  experience.  McKalip  lOX 
Hospital    plant.    Seaview.      Blake.  ..  .•666 

Hot    Are.    no    water.      Bartlett 218 

Hotel.  La   Salle,   plant.     Wilson   ^628.   fits 
Hubley.      Coal    rlinkerlng    properties   T'.'fi 
Hudson.   Wasteful   ignorance;  pumps.^12! 
Hull.      Temporary    balancer    set    •55, 
Small  hvdro-elec.  plant,  Iowa,  dam- 
aged   bv    flood 'firs.   8in 

Human    element.    The.      Hartness....    St;:i 
Humphrey  pump.  First  large  Ameri- 
can-built,   for   Texas.      Trump •7i'7 

Humphrev  pumps  for  Egypt ....  1  27.  K" 
Hunter.    J.      Steam-elec.    generating 

stations 8117 

Hunter.      Tom,      Hoisting      Engineer. 

Rogers    •!«.  M.SS.  'K'i 

Hvdrnulic  lack.  Wntson -Still man  ,  .  . 'S  i  7 
TT".lr->nlw>  ni>iTfi  t  i  n  L'   v.il'.e.   .'^rhn  Icke  .  *1  .1 '■ 
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Hydro-electric.     See   "Water  power." 
Hygrometer,   Easily   made.     Cultra..'105 
Hygrometer,   Hempcord.      Lucas '387 

I 

Ice.     See  also   "Refrigeration." 

Ice  cans.   Lifting.      Grandon *S9 

Ice  into     steam,     Heat     required     to^ 

convert    i691 

Ignition-arcli  influence.  Harrington  419 
Ignition  system.  Care  of  low-tension. 

Brennan    T40 

Ignorance,    Wasteful.      Hudson *124 

Illinois  chain-grate   stoker *340 

Illinois  Vniv.  Bulletin f396 

Inclined    plants — Study    course    •2S4. 

*31S,   358 
Indiana  boiler  law  277,  Hawkins  *503, 

Goad *"S7 

Indicator,    Boiler-room,   Louisville. .  .•331 

INDICATOR,    ENGINE,    PL'MP    AND 
COMPRESSOR 

— Ammonia  -  compressor       diagrams. 

Mugler     '930 

—Ammonia  -  compressor       diagrams, 

Queer.  Crawford  *541,  *930,  Losh  •722 
■ — Cutoff  recorder.  Automatic.  Salmon. •677 
— Diagram,  Steam  consumption  from, 

J*617 
— Diagrams  for  comment.      McNamm 

♦650,    Sawers,    Bonn *S15 

— Diagrams    for    Marine    Engineers. 

McGibbon    t664 

— Diagrams  from   new   engines.     Mc- 

Gahey    •427,    S52,    Pearce 690 

— Diagrams,    Odd,    caused    by    eccen- 
tric-strap friction.     McGahey •lOe 

— Diagrams — Study   course    •221 

— Oil  engine  diagrams.     Junge *45S 

- — Piston-rod  area.  Neglecting t429 

— Pump      diagram      of      proportional 
length.      Indicated       power       from. 

Johnson    770 

Indicator,   Power-factor.      Randolph. •SSe 
Industrial    education.      See    "Educa- 
tion" 
Ingersoll-Rand    rivet-set    retainer...    161 
Injector,     Double-tube,     Temperature 

of   feed   water   with +757 

Injector      work.      Throttling      water- 
supply  valve   to  make.      Quizz 521 

Insulating  materials.   Electrical,   and 

temperatures.      Newbury    ^39 

Insulation.     Boiler — Armstrong     ma- 
terials        460 

Intake    tunnel.    Refuse    from,   Brook- 
lyn Edison   •333 

Interborough    stations.      Hunter 897 

International  Asso.,  Peoria  convention  473 
International     Asso.,     Prevention     of 

Smoke    497 

International  Power  insolvent.  Denies  58S 

Interpole  shunt.  Reactive.      Fox 212 

Interrupted   service   925,  936 

Iron,  Distinguishing,  from  steel tS57 

Iron — Heat  given  up  on  cooling 1543 

Iron,   Molten,    solidifying  action 1S19 

Iron-pipe  durability.     Hirst    334 

Irregularities,  Station-design,  Avoid- 
ing      385 

Isenberg.     Cinder   catcher •OlS 

Isolated    plant.      See    also    individual 

plants  by  name. 
Isolated  plant  vs.  central  station: 
— Analogy   for    thoughtful — Cartoon.  ♦589 

^Candid    chat    •79 

— Cleveland  in   darkness 925,   936 

— Congress  and  public  utilities 849 

— Dime  Savings  Bank,  Detroit  *194,  252 
— Economy  that  wasn't.  Braley.  .  .  .*729 
— Explosion,  Meridian,  causes  tieup.  20 
— Isolated    plant    should    win.    Why. 

Jackson   846 

— Municipal   coalition....    68.  78,   223,  624 

— N.    T.    Edison    decision 139,  153 

— N.  T.   engineers'  fight 191 

• — -Pittsburgh    school    contract    revolt  588 
— Private   plant   shows  large    saving. 
W^ilson    681,    No    place    for    central 

station     fiS5 

—Tour  future — What? — Cartoon   .  .  .  .•665 
Isolated  plants.  Direct-current  vs.  3- 
phase    system    for.      Marshall    •211, 

Fletcher    ♦SOI 

Israel,     Water-hammer  in   feed   lines 

176,  Common  elevator  troubles....  710 
Italy,  Large  centrifugal  pump  in....^413 
Ivens.      Pumping   by   Comp.    Air t625 


Jack.  Emergencv  hydraulic,  Watson- 

Stillman    ^877 

Jack,  Screw — Study  course •319,  358 

Jacket.     See  "W^ater,"  "Cooling,"  etc. 
Jackson.     Rope  drives  '808,  WTiy  iso- 
lated plant  should  win 846 

Jenckes  Spinning  Co.'s  plant •764 

Jersey      City — Marion      station      per- 
formance     *456 

Jeter.     Thick   boiler  plates  ^884.  His 
steam-crack   detecting   method....   'sH 

Job,  Doing  the  hard 423 

Job  that  wanted  a  man ^403 


Page 
Jolms-Manville     Doiler     preservative 

test   491 

Johnson,    J.    S.    A.      Indicated    power 

from  diagram  of  proportional  length  770 
Joint,  Boiler.  See  "Boiler." 
Joint  designs  bad  for  repairing....  ^64 
Joint,  Van  Stone,  Mitchell  impvd...*71S 
Jones,  F.  H.  Heating  largest  pier..^209 
Jones,  L.  Plant-repair  facilities  '371, 

Fuel    economizers    453 

Jones    stokers.      Monnett    ^838,    885,    ^922 

Junge.      Low-grade    oil    tests ^458 

Junggren's  low-pressure  turbine. ..  .♦584 
Junkers   engine    tests.      Junge *45S 


Karpen    factory    power.      Wilson. ..  .*590 

Kebec   boiler   circulator •173 

Keeper,   Valve-gear    key.     Hurst....   144 
Kehoe.       Oil-engine     drive     for     ice- 
making   plants    678 

Keil.     Starting  compression  plant  23.   219 
Kentucky  Traction  —  Terminal  Co.'s 
electric  and  ice  plant.  Rogers  *516, 

Erratum    670 

Kentucky  Univ. — Combined  thesis. . .  85 
Keokuk      power.      Air      compressors 

driven   by   ^172 

Kern  flour  mill's  old  engine.  ..  .303,  ^304 
Kerosene — Gasoline  substitutes  ♦569,  *753 
Kerr.  Power  and  Transmission.  ...  t473 
Keys,  E.  M.,  Jr.  Some  Alaska  boilers  534 
Keys,  Valve-gear,  Keeper  for.  Hurst  144 

Keystone   stoker    ^483 

Kilovolt-ampere  and  kilowatt  ratings 
and    effects   of  lo'w    power   factors. 

Temple    741 

Kilowatt   and   horsepower 720 

Klemperer's  compression  tests.  Heck.^595 
Knock  difficult  to  locate.  Binns...^892 
Knock,  Low-pres.  cylinder.  Hurst..  542 
Kohler.      Flue-gas  analyzing  outfit.. ^447 

Krahn  force-feed  lubricator ^745 

Kreutzberg  volumetric  air  meter... •148 
Kriegbaum.     Turbinen    mit    Dampf- 

entnahme t936 

Kroeschell  boiler   '266 

Kynoch   gas   producer ^167 


La    Salle    Hotel    plant    saves    $45,000 

annually.     Wilson    ♦628,648 

Labor,   Direct   and   indirect 774 

Lagonda    fire-tube    cleaner •89 

Lallier.  Elementarv  Manual  of  Steam 

Engine    tll6 

Lamme.      Notes    on    commutation....    548 

Lamps,  Incandescent,  Labeling    t739 

Lamps,  Nitrogen,  under  varying  volt- 
age        848 

Lancaster  on  air-compressor  testing. 

Dean •425 

Large   apparatus,   Some    ^662 

Lathe   and   driller  combined ^372 

Lathrop.      Chimney   on    steel    support 

•522.  Boiler-erection  cost ^705 

Law.     See   also   "Boiler,"   "Engineers' 

license." 
Law  —  Damages    for    loss    of    water 

power.     Dean    902 

Law  decisions.  Street  45,  115,  127, 
154,     254,     362,     472,     664.     727,     868, 

Where  reports  are  obtainable $429 

Law.    Indiana    boiler    27'?,    Hawkins 

•503.   Goad    ♦787 

Law — N.    T.    Edison     decisions,    etc., 

139.  153,   648,  750 
Law,  Jlass.  boiler.     Andrews  270,  306, 
346,  Proposed  changes  395,  398,  626, 
849,  866,  Errata  551,  Fusible  plugs, 

271,  272,  278,  395 
Law — Power  rate  regulation.  Street  174 
Law — Rights  concerning  dams.  Street  445 
Law — Smoke  as  nuisance.  Street..  376 
Laws,  Boiler,  and  their  application  to 

manufacture  of  stock  boilers.  Dana.^432 
Laws.     Boiler-inspection,     Operation 

of.       Street     431 

Laws.  Engineers'  license  and  boiler 
inspection — A.  S.  M.  E.  hearing, 
etc.  216,  313,  398,  401,  462,  469,   536, 

612,   S14,   863 

Laws,    Perfecting    177 

Laws — Power-plant  legislation    67 

Laws.  "Safety-first."  Do  they  handi- 
cap   steam    plant? 385 

Laws,   LTniform    boiler.      Harris 654 

Laws,   TJniform,   Boiler   makers   meet 

to  promote   513 

Lea   V-notch   recorder   application  .  .  .    373 
Lead-pencil    starting   rheostat.      Am- 

pudia    •651 

Lead    pipes.    Broken,    Joining    under 

pressure.      Nordstrom    502 

Leaks,  Detecting  ammonia.  Thurs- 
ton   656,    Anderson 851 

Leaks,   Repairing    pine.      Noble ^818 

Leaks.  Small    and    big ^628.  648 

Leirislation.       See      "Law,"     "Boiler," 

"Engineers." 
Lehigh     &    Wilkes-Barre    Coal    Co.'s 

air-compressor  record    *368 

Lemb  boiler-setting  system    ^707 


Page 

Lentz   engine    test.      Moyer 723 

Lexington,    Ky.,    ice    and    elec.    plant 

•516,  Erratum 670 

License,    Oliver    Evans'    engine •378 

Licenses,  Engineers'.  See  "Engineers." 
Lighting,  Decoration  influences  ....  370 
Lighting,  Elec,  35th  anniversary...  587 
Lighting,  Power  for — Study  course.  655 
Lightning  arresters.  Modern.  Raitt.^874 
Lightning  conductors.  Steam  pipes  as  94 
Lightning     fractures     blowoff     pipe. 

Thorn    72,    Nelson    218 

I..ighty,  W.  G.     Operating  costs  in  a 

power    plant ^238 

Lignite    burning;    grate.      Philips.  ..  .^735 

Line  shaft.  Guards  around •SIO 

Line-shaft  repair.  Quick.  Cultra. . .  .^103 
Linear  unit  comparisons — Table,  . . .  680 
Lining  ammonia  cylinder.  McGahey  787 
Linings.    Pump,    Removing.      Little.. ^428 

Ljungstrom  turbine ^584,   911,   912 

Load   curve.  Viewing,   from   different 

angles     424 

Locomobile,    Temperatures    in;     sec- 
tional  view    ^495 

Locomobiles   and   other    unaflow    en- 
gines     ^558 

Locomotive  cinder  as  fuel.     Nerger..      96 

Locomotive,    Elec,   N.    T.    Cent ^662 

Lodi,    Calif.,   municipal    plant 704 

Loewenstein's    turbine    governor.  ..  .♦339 

Logs,   Dime   Savings   Bank   Bldg ^198 

London's  many  electric  stations....  75 
London's,   W^.   J.   A.,    secondary-stage 

turbine    ^585 

Louisville  G.  &  E.  Co.,  Waterside  Sta- 
tion.     Rogers    ♦328 

Low,  F.  R.  Pulverized  coal  ^35,  Free- 
ing   final    turbine    stages ^583 

Low,  H.  R.     Stopping  engine  rocking.^208 

Low-priced  goods    749 

Low-water  alarms  and  fusible  plugs. 

Hawkins    538,    Farnsworth ^577 

Lubricant.     See  also  "Oil." 

Lubricant  testing  machine.  Robinson. ^785 

Lubricating     Oils,     Examination     of. 

Stillman    t728 

Lubrication  and  oils.     Allen  169.  178,   204 
Lubrication    and    lubricants.      Tates.*674 
Lubrication,    Commutator.    Gibson...    500 
Lubrication,  Effect  of  different  meth- 
ods   of,    on    impact    on    bearings   of 
reciprocating  engines.     Polster.  . .  .♦360 
Lubrication,  Engine,   Faulty.   Gibson. ^504 
Lubrication,  Large      ammonia  -  com- 
pressor    ^880 

Lubricator  and  governor  connection. 

Pump.      Pooh    ♦lOS 

Lubricator,   Krahn    force-feed    ♦745 

Lubricator,  McCord    one-feed    ^861 

Lubricator — White's  portable  greaser. ^242 
Lyons   Atlas  Diesel    engine ^235 

M 

McAllister.        McAndrew's      Floating 

School    '.  .  .    t44 

McAndrew's    Floating    School.      Mc- 
Allister        t44 

McCabe.     Holding  strength   of   stav- 

bolts    ^137 

McChesney  hose  tool •671 

McCord   one-feed    lubricator ^861 

McGibbon.      Indicator    Diagrams    for 

Marine  Engineers    1664 

McGinnis    boiler    furnace ^93 

McLellan.      Drving    oil    transformers  274 

McMillan  furnaces    *ie6,  ^381 

Machinery  and  tools.  Care  of 468 

Machinery,    Buying    power 647 

Machinery     designing     vs.     repairing 
facilities.      Creed    •64,   Blanchard..    390 

Machines,    Plant-repair.      Jones ^371 

Machinist     engineers.       Gleason     217, 

Rendov    537 

Magazines,  Filing.     Lawrence ^27 

Magnet   burnouts,  Alt.-current.    Hor- 

ton    •427 

Magnetism.     Residual,     Lost     or     re- 
versed.    Horton    ^463 

Management.  Boiler-room.  Cuynne.  670 
Manchester  Steam   Users'  Asso.   719,    ^793 

Manhole  gasket  care.     Binns 30 

Manometer   explained — Quizz *845 

Manufacturers'   tests    887 

Manufacturing,     Rlectricitv    in — New 

Haven  Sec.  A.  S.  M.  E.  discussion  .  .    901 
Manufacturing      plant      wrecked      by 

shell   fire    ^913,   926 

Marine — Ash-hoist  engine  repair.  ...  30 
Marine — Diesel  vessel  "Warrior"....  •OS 
Marine — Emergency  pump  repairs.  .  ^28 
Marine    Engineering    Design.    Simple 

problems    in.      Sothern t625 

Marine       Engineering       Pocketbook. 

Seaton.   Rounthwaite    1625 

Marine  Engineers.  Elementary  Math- 
ematics  for.      Sothern    t664 

Marine      Engineers.     Indicator      Dia- 
grams   for.      McGibbon t664 

Marine     Engineers,     "Verbal"     Notes 

and  Sketches  for t625 

Marine  Steam.     B.  &  W.  Co +44 

Marine   turbines.   Large 910 

Marion  station  performance  for  year 

1913    •456 

Market  for  service.  The 498 
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Marks.     Clinkering  of  coal 932 

Marsh.      Design   of   ashpits *13S 

Marshall.  Direct  current  vs.  3-phase 
system  for  isolated  plants  •211, 
•501,  Centrifugal-pump  motor  sizes, 

•3S3,  ^614 

Mason  Regulator  prize  contest •SOO 

Mass.   and    other  laws   and    their   ap- 
plication to  stock  boilers.     Dana..*432 
Mass.  boiler  law  and  rules.     Andrews 
270,     306,     346,     Proposed     changes 
395,    39S,    626,    849,    S66,    Errata    551, 

Fusible  plugs 271,  272,  27S,   395 

Mass. — Boston   exam,   questions 392 

Mass. — Boston   smoke  report 394 

Mathematics,  Elementary,  for  Ma- 
rine Engineers.     Sothern    t664 

Mathematics,  Practical,  for  Engi- 
neers.     Hoovenden    t664 

Maujer.  Fuel  Economy  and  CO2  re- 
corders     t664 

Maurer.     Technical  Mechanics tS30 

Maxim    safety-valve    silencer '736 

Meade.      Refilling  commutators •775 

Mean  eff.   pres.   with    %    cutoff t617 

Measures,  Comparative  linear — Table   6S0 
Mechanical    Engineers.      See    "Engi- 
neers." 

Mechanical   equivalent   of  heat 557 

Mechanical       Laboratory       Methods. 

Smallwood    t474 

Mechanical    scale    ijreventer 'SSS 

Mechanics   and    Heat.     Anderson. ..  .t440 
Mechanics,  Elementary  *32,  *74,  '110, 
146,  'ISe,  ^220,  250,  •2S4,  'SIS,  •SSS, 

•393,    *430,    *466,    •oOe,   536,    ^544 
Mechanics,  Lessons  in.     Somerscales.  tS30 

Mechanics  problem.     P.   J.   M +185 

Mechanics,   Technical.      Maurer tS30 

Medine  gas   pumping   station *229 

Meier,  Col.  E.  D.,  Death  of 'SO:! 

Meier,  T.  G..  Death  of 363 

Mesta  blowing  engine  erection *S 

Metal   fatigue  limits.  Testing.   Stroh- 

meyer    '793,   719 

Meter,  Air,  Kreutzberg  volumetric.  ..•148 

Meter,  Flow,   Republic    *"44 

Meter,   Flow,    utility.      Hurst '181 

Meter,  Power-factor.       Randolph  ...  .•836 
Meter,  Venturi.    operation.     Richard- 
son     '^S" 

Meter,  Water,   Hammond ^128 

Metering  bend.  Flow.     Levin ^114 

Metering  heater     and    dividing     box. 

Moline    ♦121 

Metric   linear    units — Table 680 

Mica,  Commutator.  See  "Commuta- 
tor." 

Millett,   J.    H.,   Death   of 626 

Milwaukee    nieeeting,    N.    A.    S.    E. — 

Cartoon  ^289,  Report '437 

Milwaukee  plants  of  interest.  Wilson, 

•301,  •322 
Milwaukee's     largest     elec.     station, 

•290,   899 

Mine  air-compressor  record •368 

Mine   boiler.    Graphite    in.      Tidman..    390 
Mine,    Canadian,    Nordberg   air    com- 
pressor  or   steam    engine   for •661 

Mine   plants.      Rogers •le,    ^188,    •922 

Mine,     Power     plant     at     mouth     of, 

Floodwood.    0 362 

Mines,  Bureau  of.     See  "Bureau." 
Mining  central   turbine   station,  Vir- 
ginian  Power   Co.'s.     Rogers •404 

Mining — Electricity  in  anthracite  in- 
dustry        794 

Mining.   Power  in 840 

Minneapolis — Coon   Rapids  dam   '460,   826 

Minnesota   Steel    Co.'s   bunkers '812 

Mitchell  Van  Stone  joint •718 

Moffltt.  Adelaide  municipal  plant ....  ^554 
Molds,  etc.  Lead  gasket  ^24,  •70,  356,  463 
Moline  powr  plant.  Wilson  ..•!  18,  140 
Monnett.  Pr.ift  and  draft  readings 
•7,  Reducing  smoke  with  steam  jet 
•58,  Baffling  (discu'fd )  71,  Re- 
turn-tnbular  boiler  furnace  devel- 
opment •93,  Double-arch  bridge- 
wall  furnace  •126,  Chicago  Smoke 
Dept.  and  special  furnaces  •166, 
384,  Firing  without  smoke  207, 
Hand -fired  settings  for  heating 
boilers  •230.  Hand-fired  furnaces 
for  wnter-tube  boilers  •264,  •SOg, 
Gravity-feed  semlstokers  •SSI, 
Down-draft  furnaces  ^454,  Down- 
draft  heating  boilers  •492,  Chain- 
grate  settings  ^532.  ^560,  fRrrata 
6fin.)  ^607,  'GnS,  Front-feed  stokers 
•712,  Side-feed  stokers  •802.  I'nder- 
feert  stokers  •SSS,  Headroom  for 
smokeless  settings  885,  Recon- 
structing existing  plants •920 

Monopoly,  .Shall    it   hold    the  reins? — 

Cartoon    ^225 

Moore,    Chas.    A.,   Death    of •904 

Moore  stoker •TIZ 

Morrison,   A.    B.,   Jr.      Valve   area   In 

pumps    ^74  7 

Morrison.  D.  P.  Ucadapting  a  com- 
pressor     '776 

Morse   smoke   consumer •235 

Motion — .Study   course    ^32.    *~4.    •HO, 

1  <K    l<ifi.   544 
Motor        See     "Electricity,"     "Engine, 
Internal -com  bust  I  on." 


Page 
Moyer.  Gasoline-substitute  tests  •569, 

•753,  Lentz  engine  test- 723 

Muench.      Gas-engine    valve    setting. ^547 
Municipal    conference,    Phila.    68,    78, 

223,   624 
Municipal   elec.   works,   Schaffhausen, 

Switzerland.     Geiser 781 

Municipal    lighting    plant,    Detroit's. 

Wilson •S32 

Municipal    ownership,    Cleveland    94, 

750,   864 

Municipal  safety-flrstism 612 

Municipal      tramway      power      plant, 

Adelaide.      Moffltt •554 

IV 

Nashville    rules,    heating    boilers....    348 
National  A.  S.   E.   meeeting,  Milwau- 
kee— Cartoon    *289,    Report *437 

National   Elec.    Light    Asso •39,    57 

National   Gas   Engine   Asso 77 

National  smokeless  stoker  grate....   'SS 

Natural   gas    output,    U.    S 493 

Natural   gas.    Waste    of 461 

Neatness    386 

NefC.  Poor  brine  circulation,  de- 
creased   ice    output ^125 

Negligence,   Case  of.     Weber ^463 

Nevada-Calif,    transmission   line 467 

New  England  Commercial  Engineers' 

permanent  exhibition  planned 436 

New    Jersey    licensing    498,    611,    780, 

784,  Case   615 

New  York  Cy. — Engineers'  flght  on 
central  station  191,  Replacing 
steam  mains  191,  School  heating  and 
ventilating  supervision  313,  Engi- 
neering bureau  for  Board  of  Edu- 
cation 326,  Elec.  show  472,  588,  Sea- 
view  Hospital  plant  ♦666,  Engi- 
neers' license  law.  Banger  '742, 
Refrigerant  regulations  849,  862, 
Condition  of  some  plants.  Roos..S92 
New  Tork  Edison's  large  gate  vales 
46,  Court  decision  139.  153.  Rate 
decision  coming  648,  750,  Water- 
side station.  Hunter  897,  Draft 
and    stoker    control    at    Waterside. 

Bromley    •GSS 

Newbury.    Temperatures  in  electrical 

apparatus    ^39 

Niagara,   Conserving  215,  Phyvesentz   500 
Nichols.       Heating     and     ventilating 

dye  shop   780 

Nicholson   furnace.  The •S^S 

Night  engineer  off  duty 536 

Nitrogen    detrimental    to    efficiency .  .^857 
Nitrogen   lamps  under  varying  volt- 
age        848 

Nonreturn     valves    on     steam    pipes. 

Hawkins     ^735 

Nordberg    air    compressor    or    steam 

engine    •eei 

Nordberg  oil  engine  ♦321.  Cross-com- 
pound poppet-valve   engine  test...^414 

Nut  lock.  Schum IS 

Nuts,  Dies  of  steel.      Powers '391 

O 

Offlce  building,   Chicago,   plant  oper-'""* 

ating    costs.      Lighty ^238 

Office  -  building      plant      economies. 

Eoomhower    510 

Office-building    upkeep    cost 187 

Ohio  boiler   laws.      Dana ^432 

Ohio  River  water  filtration 400 

Ohio  Soc.  of  M.,  E.  &  S.  Engineers — 

Correction  94,  Paper 934 

Oil.      See    also    "Lubricant,"    "Petro- 
leum." 
Oil  alarm.  Turbine  low-level.  North. '465 
Oil   barrels.    Emptying.    Kreutzkamp.^787 
Oil   cups.  Bracket  for,  on  gas  engine. 

Johnson     ^540 

Oil,   Does  it   attack   cylinders?  Maver 

537,    Hamilton,    Wing,    Hurst 721 

Oil    engine.      .See    "Engine,    Internal- 
combustion,"    "Diesel." 
Oil   explosion   in  air  compressor.  Oel- 

rlch  72.  Richards  219.  Pcarce 390 

Oil,   Flash,   burning   and    chill   points 

of    1:617 

Oil   fuel  calorific  value t505 

Oil   Fuel  for  Steam  Boilers.  Strohm..t830 

Oil    fuel.  m.Trlne  use.     Klrkaldy 361 

Oil   fuel.    What    Is? 762 

Oil.  Gas-engine.  Test  for  carbonizing 

effect  of.     Cook 620 

Oil   in    coridensate,    Dett-rmlnlng t32(» 

Oil    In  hammer  handles      Little ^465 

on.  Removing,  from  boilers t357 

Oil  saving  In  plant — From  turbine 
hearings:  water  drain  from  oil  res- 
ervoir.     Best    •375 

oil  separator  failed  to  work.  Rey- 
nolds     •650 

oil  separator,  Gravltv.    Johnson  ^279, 

T,PwlB 537 

Oll-soaked    rolls.      Smaller 352 

Oll-testing  set.  Insulating,  G.  E.  Co.'s.»679 

on   throwing.  Case  of.     Pagett •752 

on   transformers.    Drying.      McLellan   274 
oning    system.    Making.      Hawkins..    'RS 
Oils  and   lubrication.      Allen   169.  178.   204 
oils.    AnImnI   and   vegetable — Prepar- 
ation   and    uses.       Grltrui 636 
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Oils — Gasoline     substitutes.       Moyer 

•569,    Hirshfeld    •753 

Oils  in  feed  water i31 

Oils.    Low-grade,    Comparative    tests 

with.     Junge   ^458 

Oils.  Lubricating;    tests,  etc.   Yates.. ^674 

"Okadee"    reflex    water    i;at;e ^54 

Old    steam    engine.      l'.:iri-.tt •412 

Old-time  engine,  il.i.iii.l.  la       Porter. •240 
Ontario    water    power,    .Vvailable.  . .  .    345 
Open   circuit.   Testing   for.      Annett.  .•16S 
Operating  cost.     See  "Cost." 
Operating     engineer    as     purchasing 

agent  423.  Hurst    616 

Ore-dock    plant.    Cleveland ♦730 

Osier.       Diesel    ship ^95 

Outward   appearances    719 

Overhaul.  The  periodical 750 

Owens-Eastern  bottle   plant ^132 

Owner,  How^  to  make  him  see  it •47 

Oyster   shells    for   clinker;    underfeed 

stokers.      Hawkins    et    al.    87,    351,   387 


Pabst  brewery  plant,  Milwaukee  303. 

•304.    •305 
Pacific    Coast    power.    Herring     624, 

Notes    663 

Pacific  G.   &  E.   Co.'s  shrink  fit ^816 

Paciflc  Lt.  &  Power  Corp.  transmis- 
sion-line regulation    ^512 

Packing  brine-pump  plunger.  Metal- 
lic     •915 

Packing  hook.  Universal ♦66 

Packing,  Rack  for  spiral.  Lucas... ^504 
Packing   rings,   Wooden,   for    pumps. 

McGahey ^891 

Packing,    Rod.      Pearce ^73 

Packing      valves      under      pressure. 

White '575 

Packing  worn  rod.  Binns  '106,  No- 
ble     •354 

Pan-American   Scientific  Congress...    829 

Panama   boiler-inspection    rules 216 

Panama-Pacific  Exposition — Machin- 
ery dept.  progress  43.  Canadian 
water-power  exhibit  252,  Engineer- 
ing Congress.  Panama  Canal  re- 
ports   2S6.    Effect    of    war    512,    686,   695 

Rape's     steam     turbine ^584 

Paper-dryer  steam-pressure  regula- 
tor   'seg 

Paralysis    of    industry — Cartoon ^515 

Parker    boiler,    hand-flred •265 

Parker's  new  w.t.  boiler '482 

Parr.      Co.al    analysis t936 

Parsons  on    turbine   design 910 

"Pass  it  on" — To  whom 573 

Patching      boilers.         Hawkins       ^25, 
Regral     ^275.    Shears    280.    Terman 
•353.  Miles   355.  Stark   539.  Hawley  616 
Patented   article.   Making.     A.    E.   C.  .4249 
Peace,  progress,  prosperity — Cartoon. ^289 
Pearce.      Superheat    for    Corliss    en- 
gines        886,  888 

Penn.  C.  &  C.   Co.  plant *1S 

Penn.    Dept.    Labor    and    Industry...   626 

Penn    Mary    colliery    plant ♦ISS,   922 

Penn.     R.R.     smoke     abatement     566, 

Power    plant.    Cleveland ^730 

Perolin  boiler-cleaning  process 276 

Perpetual-motion  cranks.  Sandstrom  SS9 
Perpetual   motion.  Goes,   one  better..    663 

Perpetunl-motion  scheme 849 

Persi)ective.  Importance  of.  Lewis.  112 
Petroleum  production,  Appalachian.  9 
Pflster  &-  Vogel  turbine  plant.. 301.  *302 
Philadelphia  municipal  conference  68, 

78.   223,   624 
Phila.  Rapid  Transit   Co.'s  automatic 

coal  sampling   •GJS 

Phillips.     Cost   of  power 567.   574 

Philo.  Ash  influence  on  fuel  value  of 
small   anthracite  coal   •416    (errata 

•752.)  648.  649 
Phosphorus  in  steel.  Rosenhain  .  . .  .  361 
Photographing  alternating  and  direct 

currents.      Linker    •SSZ 

Pier.    Heating   largest.      .Tones '209 

Plggott.      Automatic    stokers 586 

Pillow  block.  Large,  welded.     Rork..    •65 
Pin.   Tapered,   dimensions.      E.   P.   T.  .t249 
Pinion.    Broken,    caused    water-ham- 
mer.     Sheehan    '426 

Pinion.  Hoisting-engine,  Replacing. . '107 
PInther  pulverlzcd-coal  feeder •SB 

PIPING 

Sec   also   "Blowoff." 

— Air  flow   In   pipes.     Brewster 338 

— Air  pressure  coll.apsed  pipe.  Hurst. •142 

— Bending  pipes.      J.  G.   M t2S3 

— Blowoff.  Bad  thread  on.     Weber... •463 

^Boiler-feed    piping    526 

— Clamp,    Emergencv.      Kreutzkamp. '464 

—Colls,    Steam    required    for t57!1 

— Cutter.    Beaver   square-end •128 

— Designs  bad   for  repairs *Si 

— Discharge  pipe  surging.     Hurst  30. 

Pearce 354 

— Expansion    of   steam   lines.     Hurst    542 

—"Fitting."    ITse    of   word 887 

— Flange-bolt     holes.     Spacing     tl85. 

Park 755 

— Friction    chart — Centrifugal    pump 

hp,     Marshall    •'!«i    •<"-i  ' 
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PIPING — Continued 
— Gravity  returns  for  heating  boilers, 

Connections  for.      Terman 'ISS 

— Head  loss.  3-in.  and  4-in.  lines 1579 

— Heating  surface  per  lineal  foot...is57) 
— Iron  and  steel  pipe  durability.  Hirst  3341 
— Joint,  Mitchell  improved  Van  Stone.'TlS 
— Lead  pipe  leaks,  Repairing  small.  .  312 
— Lead  pipes,  Broken,  Joining  under 

pressure.      Nordstrom    502 

— Leaks   and   breaks.   Repairing.   No- 

bl.e  •  ■■: 'SIS 

— Lightning  conductors.  Steam  pipes 

as    94 

— Louisville  —  Waterside" ' "  Station'; 

steam  traps  avoided,  etc *32S 

—Machines,   Pipe:   drives.      Jones.  ..  .•371 
— Pipe  cutter  wheels.  Knurled,   Nye.    6S4 
— Power-plant       design       problems; 
heating     pipes,     tunnels,     conduits, 

etc-^ »790,  •S94 

— Port  and  pipe  sizes t757 

— Repair,  Emergency.     Pagett *142 

— Return  water,  How  it  acts  in  pipe. 

Quizz    •52 

— Soot  blower  pipe  corrosion.  Hurst. *1S1 
— Sprinkler  piping — Static   pressure? 

Wight    *29 

— Steam  flow  through  pipes..!.!!.!!    74S 

— Steam-gage  connections •427    •649 

— Steam  mains.  Replacing,  N.  T 191 

— Steam-pipe   grades    JS93 

■ — Steam   pipe.    Size     of J505 

— Steam   pipes  drain  from  boiler t543 

— Steam      pipes.     Engine,     Nonreturn 

valves  on.     Hawkins    «735 

— Steam     Pipes,     Their     Construction 
and    Arrangement.      Vulcan    Boiler 

Ins.    Co 144 

—Threads,    Briggs    standard  "pipe! !  !»646 

—Troubles,  Piping.     Israel •141 

— Turbine    steam    connection.    Truing 

and  threading.    Jones ^142 

— 'Twas    ever    thus — Pressure     drop 

explained.      Sandstrom    53S 

—Water  hammer  in  boiler-feed  lines. 

Israel    X76 

—Water   pipes.   Clearing   obstructed. tlS5 
—  VV  ooden   water   pipe — Dept.    of  Ag- 
riculture Bulletin    "  7902 

— !Wrench,       Harvey's      i  m  p  r  o  v  e  <i 

W^right    •412 

— Wrench,    Improvised.      Nella. . .  . !  !*42S 

— A\rench,    Self-adjusting,    Allan •SS 

Piston,    Core    cleaner    left    in        Mc- 

Gahey     •I45 

Piston   knock — Loose    stud.      Binns..^892 
Piston   rings.   Machining — Forms   for 

faces.      Griffln   •eia.   Wing 852 

Piston     rod,    Ammonia,     Caring    for. 

Piston-rod    area,    Neglecting! !!!!!!  !t429 

Piston-rod    packing.      Pearce •TS 

Piston    rod.    Removing,    from    cross- 
head.      Waldron    •lOS,    Lee,    Hurst. 

Lucas   ^280 

JIa?    x?'l',  """orn.    Packing.      Binns 

•106,    Noble    •354 

Pitman's    water-turbine' governor    "      ^57 

Pittsburgh    smoke    ordinance !!!    3OS 

Pittsburgh     smoke      problem.     Engi- 
neering phases    of — Mellon    report, 

Pittsburgh.   100.000,00n-eallon  centri- 
fugal   pump   for.     Gibson •644 

Planet  steam  soot  blower ^714 

Plants,  ■«-hy  some,  are  more  efficient 

than   others    *gOa 

Plant-repair    facilities.      Jones! •STl 

IJants,    Condition    of    some,    in    N     T 

TD1       ■"'^   ■•■ .'892 

Piaymg  the  game    •! 

Plug.   Fusible.     See   "Fusible" 

P'l!,^."*^;  Determining.  Ampudia  •C87, 

With    blueprint    paper.      Justus 852 

neU    '  '^  *^°''^'   ''''■'^'■"S-     An- 

Politician,  'Exit — Eri'tei-'eiigiri'e'er  '7V3'.  795 
Pond.     Condenser  and  cooling  tower.  •226 

fort   and   pipe  sizes +757 

Port.ible  power  plant.  Grain.  .!!!!  !'78S 
1  orter.     Old-time  engine    ....  •040 

Portland.  Ore.,  safety-firstism  ..!!!! '  612 
Powdered  coal.     Low.  .  •'5 

Pmyell    blowoff    valves     •266," White 

Star  dash  not  check  valve.  .  •545 

POWER — New  table  of  contents  140' 

Declaration    of    princinle SSS 

Power      and      Power      Transmission 

Kerr   j.y. 

Power,  Cost  of.  Phillips.  .'.'.'.'.'."5'6'7'  574 
Power-factor  indic-itor.  Randolph.  .'•S36 
Power  factors.  Effects  of  low;  kv  -a 

and   kw.   ratings.     Temple 741 

I  ower  line.  Blackbird  cripples.    Mal- 

Power  machinery.  Buying  !!!!!!''  647 
Power  of  rainstorm.     Pearce.  ""S 

I  ower     plant     at     mouth      of     mine' 

Floodwood,    0 3(5-) 

Power   Plant   auxiliaries — Ecoiiomv!  !    •6<i 
Power-iilant  design — Combined  thesis     Sr, 
°^^y?''"„1'''"t    desisrn     problems     •5S0, 

618,    655,    '692,    •724,    75S,    ^790.    SSo! 
„  ,  •858.   •S94!   931 

Power-plant    economies.    Boomhower  5111 


Page 
Power-plant    efficiencies.    Comparing. 
Smith     •213,    At    Lethbridge,     Can. 

„  Reid    3sa 

Power-plant   legislation    67 

Power     plant,     Mining,     Virginian 

Power  Go's    ^404 

Power-plant  report  sheets.  Webster  ^508 
Power-plant  wastefulness.   Alleged..    850 

Power-plant   regulation.      Street 174 

Power  recorder.  Cutoff  and.  Salmon. •677 
Power  station    performance,  Marion.  ^456 

Power  statistics.    U.    S 6 

Power — The    kw.    and    hp 720 

Power,  .Transmitting,  by  compressed 

air.      Brewster    337 

Practical    and    theoretical    knowledge  314 
Preheating  furnace  air.     Olmstead  24, 
Hawkins,    Dunkley    179.    Caldwell, 

Robinson    ^653 

Pressure,  Air,  at  shaft  bottom. !!!!  !t2S3 
Pressure  and  heat.  Bromley.  .•162,  500 
Pressure  drop  explained — 'Twas  ever 

„thus    533 

Pressure  gage.     See  "Gage." 
Pressure-reducing   valve    efficiency.  .^789 
Pressure     regulator,     Steam,     Pinch- 
Pruyn    Co.'s    electrically    operated. 

Giles •3g9 

Pressure,    Static?— Sprinkler    p'ipitig. 

Wight     .2a 

Pressures,     Standard.     Reducing    ba- 
rometric readings  to.     Barrett 131 

Private    plant    shows    large    saving 

Wilson  681.   685 

Problem.   A— Cartoon •831.  850 

Producer,   Gas.      See    "Gas,"    "Engine, 

Internal -combustion." 
Projectiles — Study   course    •358,    *393, 
„  •430,   545 

Promotion,    Who    gets    the? 'SSI.   860 

Prony-brake  pulley,  Water-cooled. .  .•651 
Prony  brake — Study  questions'lS7,  220 
Prony-brake  simplification.  Griffin.. ^654 
Prosperity   and   power — Companions.    573 

Providence  centrifugal  pump •129 

Public  service,  A.  S.  M.   E.  and 863 

Public   Service    Corp.,    N.    J. — Marion 

station  performance ^456 

Public-utility     terms,     Glossary     of. 

Allison 15Q 

Public  utilities.  Congress  and!!!!!!!  S49 
Pulley  chart,    Motor.      Fox..  •564 

Pulley  size    and    belt    pull ^72 

Pulley.    Water-cooled.      Wilson *651 

Pulleys  for  pump,  Figuring.     Quizz.  .    343 

Pulleys — Study  course •SOe    ^544 

Pulverized  coal.  Burning.     Low •SS 

PUMP 

See  also  "Air  pump." 
— ^ir  and  hot-well   pumps.  Brooklyn 

Edison   turbine   "     ^444 

—Air,  Compressed,  Pumping  by.  !(ven's'.t625 
— Ai"",  "Compressor,    Steam    pump    as. 

Hudson    219 

— Air-lift  trouble.  Lacy  504,"  "Quick- 
er   649,    Ivens *gso 

— i^'r,  P'"^/sure  collapsed  pipe.  "Hurst.^142 
—Boiler  feed-pump  trouble.  Hawkins  787 
— Brine  pumps,  Quincy  Market  plant 

— Absence      of      surging      in      line; 

valves:    metallic    plunger    packing; 

preventing        plunger        corrosion. 

Bromley    •9J4 

— Capacity.  Duplex  steam" 'puitip!  !!!  1357 
— Centrifugal       boiler  -  feed       pumps. 

Adams    934 

—Centrifugal        pump.       A.s"s"e"m'b'ling. 

Fairfax    °    jQg 

— Centrifu.gal  -  pump  discharge  -  pipe - 

surgina:.     Hurst  30.   Pearce 354 

irn^I,!^'/l!rA"    "ump    for    Pittsburgh, 

100,000.000-gaIlon    De    Laval.      Gib- 

t"."      til'''''     '^"'     '»     suction     pipe. 
Klerulff 891 

~G<""J''!!!"^''>!-P"mP    motor'  'size!  !  ! !  !t357 
—Centrifugal  -  pump       motor      sizes: 
pipe-friction  and  pump-horsepower 

chart.     Marshall  •383,  Wayne •614 

Centrifugal    pump.   Power  required 

— Centrifugal  pum'p.'  Pr'ovi'deiice! !  !  '    •129 

— ^?."t"f"gal  pump  would  not  pump. 

>^  ignt     .27 

— Centrifugal  pump,  400'o'-'lip.'  'Sufze'r, 
in    Italy.      Gradenwitz ^413 

— Contrifugal  pumps.  Advantages  of.t320 

— Centrifugal  pumps,  Installing  and 
starting.      Salt    190 

— Centrifugal  pumps.  Largest  yet 
built,    for  drainage,  Louisiana  ..'...  •SOS 

— Centrifugal  pumps.  Turbine-driven, 
for  water-works    ^489 

— Connecting  two  pumns  with  co'm- 
mon  suction  and  discharge }:789 

— i-sV£'"°"  valves,  duplex  pump il09 

— Differential  plunger  pump.  Advan- 
tages      ±185 

—Discarded  feed  pump'.'  Usi'n'g.  '  'Pe- 
terson       ♦892 

—Duplex-pump  delivei-y'  per'  "rev.!  ! !  !t6i7 

— Uuplex-pump  emergencv  repair — - 
Broken   rocker  shaft.      Tichenor.  .  .    •23 

—Duplex  pump.  One  side  quicker 
than   the  other 1543 

—Duplex-pump   stroke,   Adjusting.  .  .t789 
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PUMP— Continued 

— Duplex   pump.  To  operate  one  wa- 
ter piston  of J543 

— Duplex    pumps    not    good    for    Jet 

condensers.     Hurst   616 

— Gas-pumping  station,  Medine.  Bar- 
rett         *229 

— Governor    and    lubricator    "connec- 
tion.     Poch    •los 

— H?,^"^  ^o'^s  '"  pipe  lines ! ! ! !  !t579 

— HiUsboro,  111.,   pumping  plant •258 

— ^Hot  water.  Pumping 4:893 

— Humphrey  pump.  First  large  Amer- 

ican-built,    for   Texas.      Trump •767 

— Humphrey    pumps    for    Egypt..  127,   440 

— Ignorance,    Wasteful.      Hudson •124 

— improperly  finished  pumps.  Pearce  892 
— Indicated    power    from    diagram    of 

proportional    length.      Johnson 770 

— Ljniiigs,   Pump,  Removing.  Little.. ^428 

— Motor  troubles.     Salt 687 

— Outside  packed  pump  defined ."."±185 

— Packing  rings.  Wooden.  McGahey.»S91 
— Packing  worn  cylinders.  Noble.. •354 
— Pipe  repair  Emergency.  Pagett.  ^142 
— Piping  too  long  at  tunnel  cave-in. ^124 

— Plunger  pumps  in   series ±249 

— Pounding  of  power  pump ±31 

— Power-plant  design    759    •790 

— Pulleys.    Figuring.      Quizz '.    343 

— Regulating   device   winning   Mason 

prize   °  ^930 

— Regulators  commended.  Hurst!!!!  464 
— Repair  with  iron  cement.  Meredith  855 
— ^Repairs,    Emergency — Loose    stud. 

Lucas •549 

— Selecting  a  pump.  Webster", "Ha!r"vey  23 
— beparator  drain  as  steam  supply  to 

pump.     Talla ...';.    .    ggo 

— Slippage,      Calculating.        Hawkins 
743,  Baer   927,  Sullivan   928.    N^te^   766 

— gP''?y;  ,P"'"P'   Handy.     Connor •929 

— Sprinkler   piping — Static    pressure? 

Wight    ^99 

— Steam  bound,  Pump"  "becoiiies! ! ! !  !t543 
— S;°8;  'Gasoline-engine.  Standley .  . .  ^854 
• — btufflng-box.  Improving.  Carl..  614 
—Toledo,  30,000,000-gal.   pump  for...    360 

— Triplex  plunger  pump  delivery ±S57 

— Troubles    and    remedies — Reinforc- 
ing  worn    stuffing-box.      Gibson...    •gS 
— lurbme-driven  boiler-feed  and  ser- 
vice   pumps,    Bakersfield •479    588 

— Turbine-driven    centrifugal    pumps 

for  water-works.      Gibson •4S9 

—  Vacuum  heating  system  pump  size!±357 
— Vacuum-pump     capacity.     Increas- 
ing;  air-cooling  spray.     Hurst...      •26 

— Valve  area.     Morrison •747 

— Valve  leakage  test '  " "    776 

— !valve  stems    repaired.      Pagett •248 

— Valve  spindle  repairs  at  sea.     Ben- 

nie •28 

— !\^alves.  Blanking  pump.  "Biniis! ! ! !  929 
— \alves.       Replacing,        in       triplex 

pumps.      Lloyd    928 

— Water  horsepower.  R.  B ±320 

— W  ater    supply— Plant    design 931 

Purchasing  agent.  Operating  engineer 

as   423,    Hurst 616 

Pyro-Perolin  boiler-cleaning 'process  276 
pyrometer.  Brown  electric  indicating  ^54 
Pyrometer,   Internal-comb,   engine.  .  .•SSO 

<l 

Questions   for   discussion ±145 

Quincy  Market  refrigerating  station, 
Boston.       Bromley     ^798.     814,     843, 

•878     ^914 
Quizz.  Will.  Jr.   ^52.  136.  343.  521,  557 

673.  711,  •7S2,   ^845 

R 

Racl<,    Spiial-tiacking.      Lucas •504 

Radiation,   Figuring.      Durand 356 

Railroads,    Shall    they    inspect    their 

own    boilers?     612 

Rainstorm    horsepower.      Pearce!!!    "      25 
Raitt       Relays    for    controlling    elec- 
trical apparatus  •134.  Modern  light- 
ning  arresters    ^874 

Randolph.  Allocations  and 't'vpe.s'of 
boosters    •236.     •262.    Power-factor 

indicator »S36 

Rate   decision   coming,    N.   T.   Edison. 

™    .      .,      .    .  648.  750 

Rate  decisions.  Mo 750    761 

Rate  regulation.  Power.     Street..    .'  174 

Rates.   D.   C.   and    Congress 849 

Ray  feed-water  regulator ^312 

Reading  habit.    The.      Warde 105 

Reading  in    engine    room 536 

Receivers,   Precaution   against  water 

in.     Hurst 500 

Recording  system,  Bristol  long-dis- 
tance     •916 

Rectifier  in  absorption  systerii! ! ! ! !  !  !t429 
REFRIGERATION 

— Absorption-plant  report  sheet,  Mer- 
chants'   Refrig.    Co.'s •176 

— American  Soc.  Ref.  Engineers  meet 
— Fairbanks  on  Mass.  boiler  rules; 
report  on  foreign  gases  in  systems; 
various  papers  *S66,  Ed 849 
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REFRIGERATION — Continued 
— Ammonia   accidents.   First  aid   in..    367 
• — Ammonia  -  compressor       crosshead 

shoe.   Babbitting.     Thurston 141 

■ — Ammonia  -  compressor       diagrams. 

Mugler *930 

— Ammonia  -  compressor      diagrams. 

Queer.     Crawford  •541,  *930,  L,osh.»722 
— Ammonia-compressor      valve     plug 

gaskets.      Herr    oS  i 

— Ammonia-compressor    valves    blew 

out.     Thurston    *391 

— Ammonia  compressor  wrecked.  Un- 
ion Brewing  Co.  *115,  3.59,  Humph- 
rey        390 

— Ammonia  -  condenser       trouble. 

Thurston *652 

— Ammonia     cylinder,     Lining.       Mc- 

Gahey 787 

— Ammonia  drums.  Precautions  when 

heat  is  applied  to ,^?? 

— Ammonia-gas   compression    •268 

— Ammonia  -  generator  analyzer, 
Strong      aqua       short  -  circuit      in. 

Baker     *723 

-^Ammonia  leaks,  Detecting.  Thurs- 
ton 6."i6,  Anderson 851 

— Ammonia    piston    rod,    Caring    for. 

Keil     ' lOa, 

— Ammonia  regenerator,  Vilter •i09 

.  — Ammonia,  Why  it  disappears  from 

the    receiver    562 

— Brazil,    Going    to,     for    halt-hour's 

work    278 

■ — Brine,  Calcium-chloride  advantages  t7^89 
— Compression     plant.    Starting,    An- 
derson   23,    Keil 219 

— English  Mechanical  Engineers'  re- 
frigeration report  —  Rating  ma- 
chines, etc 828 

— Hillsboro,    111.,    plant ^261 

— Ice  cans.  Lifting.     Grandon •Sy 

— Ice-machine   crankshaft   repaired.  .*426 

— Ice  making   in   Ireland 359 

■ — Ice-making  plants.  Existing,  Oil- 
engine drive  for.     Kehoe 678 

— Ice   output.    Decreased,    Poor   brine 

circulation   cause   of.      NefC *125 

— Ice    plant,    Ky.    Trac.    &   Term.    Co. 

Rogers  ^516,  Erratum 670 

— N.    y.    Cv.    refrigerant    regulations, 

849,   862 
— Pabst    brewery    plant,    Milwaukee, 

303,  ^304,  'SOS 
— Quincv  Market  Cold  Storage  & 
Warehouse  Co.'s  Sargent's  W^harf 
plant,  Boston — Largest  refrigerat- 
ing system — 1000-ton  compressor: 
governor;  brine  pumps;  absence  of 
surging  in  line;  valves;  metallic 
plunger  packing:  preventing  plung- 
er   corrosion,    etc.       Bromley    *1S9, 

814,  843,  •878,  'Oli 
— Rectifier  in  absorption  system ...  .1:429 
— Schlitz     brewery      plate-ice     plant. 

Wilson  ^322,  Coal  yard 303 

— Seaview    Hospital    plant — Carbonic 

anhydride  system.     Blake •666 

— Water,  Drinking,  systems 459 

Refuse  burning  boiler  furnaces '309 

Refuse  from  intake  tunnel,  Brooklyn 

Edison    *333 

Refuse    incinerator,    Milwaukee    303, 

•304,   341 

Regral.      Patching    boilers '275 

Regulating.      See    "Feed,"   etc. 
Regulating     device     winning    Mason 

prize '900 

Regulation  on  150,000-volt  line.  Pa- 
cific  Lt.    &   Power  Corp '512 

Reiter     continvious     blowoff     cleaner 

•17.'),   Flue   blower •267 

Relays  for  controlling  electrical  ap- 
paratus.     Raitt    ^134 

Remote  control  for  engine.     Cooper.. ^464 
Repair    men.    Incompetent.      Wallace 

499.    Rowe,    Klderkin 690 

Repair   with    iron    cement.      Meredith   855 

Repair-work  facilities.     ,Iones •371 

Repairing    facilities.    Machinery    de- 
signing vs.  Creed  ^64,  Blanchard..    39" 
Repairs,   Emergency,  at  sea,      Bennle   •2S 

Report  sheet.     .Absorption-plant •IVe 

Report  sheets.  Power-plant.  Webster.^50S 

Republic    flow    meter '744 

Residual  magnetism.  Lost  or  re- 
versed.    Horton    •463 

Return    water  action.      Quizz '51! 

Returns,   Gravity — Connections.   Ter- 

man     •133 

Reversing  cable  drum.     Piper ^614 

Reynolds.     Saving  cooling  water ...  .•684 
Rheostat,  Lead-pencil  st.artlng.     Am-      ^ 

pudia    •6.)1 

Rheostat  repairs.  Temporary 533 

Rheostat,  Water,  2200  volts.  Ander- 
son     'ISi 

Rice's    turbine-blade   suggestion •SSS 

Richards.  Air  -  compressor  record 
•368,    Compressed    Air   Practice.  ..  .tSjO 

Riding   cutoff.   Purpose   of tS43 

Rlngelmann  smoke  scale ,tv5 

Rings,  Pump  labyrinth  wearing •646 

Rivet-set   retainer,    Ingersoll-Rand.  .   161 

Rivet    strength    In    double   shear t249 

Riveting — Sawtoothed    boiler    Joints. •143 
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Robertson.       Water-column     connec- 
tions      ^774 

Robinson.  Protecting  3-phase  mo- 
tors   '546 

Rochet -Schneider     works     destroyed, 

•913,  926 

Rocker  shaft  repair.     Tichenor '23 

Rocking,   Stopping   engine.      Low.... '208 
Rod  end.  Fastening  ball  on.     Holroyd  281 

Rod  packing.     Pearce '73 

Rod,  Worn,  Packing.  Binns  •106,  No- 
ble     •354 

Rods,     Bent,     measured     with     wire. 

Burley    '756 

Rogers.  Tom  Hunter,  Hoisting  En- 
gineer 'le,  •188,  ^922,  Gadson  pow- 
er plant  •156,  Waterside  Station, 
Louisville  ^328,  Virginian  Power 
Co.'s  steam-turbine  plant  '404,  Ky. 
Trac.  &  Term,  plant  *bl6.  Erratum. *670 

Roney   stokers    ^713 

Rope    clamp.    Home-made    ♦171,    392,   541 
Rope  drives.  Transmitting  power  by; 
English     and     American     systems; 

cotton  or  hemp.     Jackson •SOS 

Rope  drum.  Reversing  ♦614,  Bushing.^786 

Rork.      Pillow    block    welded .    'fio 

Rosencrants.   Air-compressor   charts. ^232 
Rotary    motion — Study    course     ^430, 

•466,  •506,  ^544 
Rust.     See  also   "Corrosion." 

Rust  prevention.  Tool 495 

Rust,    Removing    56'^ 

Rut,  Getting  out  of 360 


Safeguards    around    machinery 509 

Safety  Bureau,   Federal 850,   868 

Safety  catch.    Furnace   door.    Pascoe.^537 
Safety  devices,     Automatic,     Testing 

out 783 

Safety  door  in   setting.      Johnson.  ...  ^538 

Safety  factors  719,  Strohmeyer ^793 

Safety    first — Boiler   laws — Cartoon.  .•IBS 

Safety  first  in  power  plant 813 

Safety-first  legislation.  Does  it  han- 
dicap   steam    plant? 385 

Safety-flrstism,    Municipal,    Portland, 

Ore 612 

Safety  rules  for  operation  of  electri- 
cal equipment,  Bureau  of  Stand- 
ards'        806 

Safety  valve.     See  "Valve." 

St.    George   Hotel    cinder    catcher.  ..  .•SIS 

Salem,    Duty   first   at 68 

.Salesman's  experience.   Engine.  Grif- 
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Salesmanship,   Engineering    719 

Salmon,  F.  W.     Automatic  cutoff  re- 
corder     ^677 

Salmon   River  development 472 

Salt  Lake   Cy.    smoke    study 624 

Salt,  W.     Installing  and  starting  cen- 
trifugal   pumps    190 

Sampling  coal.     See   "Coal." 

San  Francisco  Expo.  43,  252,  286,  512. 

686.  695 
San  Joaquin  Co.'s  Bakersfleld  steam- 
power  plant    ^476,   588 

Sargent's    Wharf    refrigerating    sta- 
tion     ^798,  814,  843,  •878.  ^914 

Sauquoit    Silk    Mfg.    Co.'s    condenser 

plant    ^226 

Sault  Ste.  Marie  takes  over  plant.  .  .  .    630 

.Sawdust,  etc..   Furnaces  for '309 

Sawmill  plant.  Unsafe.     Grain 78S 

Sawtoothed   boiler   joints.      Jeter. ..  .•14.i 

Saxe.    Home-made  gas  analyzer •683 

Scalded.  Fireman  fatally,  Chicago..  360 
Scale    beam     in    engine     room.       Mc- 

Gahey    *l^ 

Scale    preventer.    Mechanical •835 

Scanes  condenser  gage *877 

Schafthausen     municipal     elec.     wks. 

Geiser    .:■ •  •  •    781 

Schlitz  brewery  plants.     Wilson  •322, 

Coal  vard    30.3 

Schnlcke  operating  4-way  valve. ..  .•149 
School    lieating    and    ventilating    su- 

pervisioM.    X.    T.    Cy 313,   326 

Schools,  Corporation,  Natl.  Asso.  497,   513 

Schreiber   boiler    skimmer '6 

Schum  nut  lock 18 

Schutte  1^-   Koertlng's  Schnlcke  oper- 

ating   vMlve    '14? 

SchwartzKopf   pulverized-coal   feeder  •3:) 

Scraper,    Handhole,    T^niversal •308 

Screws,  Tieplacing  broken  cap.     .Tuno.*S91 
Seaton.     Marine  Engineering  Pocket- 
book   

Seaview  Hospital  plant.    Blake •eej 

Secor.      Electrical    kinks •641 

Self-contained  steam  plant.  Palmer.^57X 
Semlstokers.  Gravity-feed.  Monnett.^381 
Separator  and  trap.  Home-made.  Ma- 

rler   ,•  •..••'85 

Separator   drain   as   steam   supply   to 

pump.     Talla ■  •  '    *'" 

Separator,  Gravity  oil.    Johnson  ^279. 

Lewis   -^  •  •  •    "' ' 

Separator,  Oil,  failed  to  work.     Rey- 

noirtg •eso 

Separator,  .'ite.im,  Anderson '97 

Service.  Market  for J^q 

Settling  chamber.   Coke.     Pearce lo' 

Sewer    gas,    Power    from oSi 
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Shaft  bottom.  Air  pressure  at t2S3 

Shaft  cut   to  replace   pinion •ID? 

Shaft,  Line,    Guards   around *51il 

Shaft,  Line,   Quick    repair;    coupling. 

Cultra    'lOS 

Shafting,    Formula    for t320 

Shealey.     Heat    t728 

Shepherd.  Heavy  oil  engines  in  small 

units     "77 

Shippers,    Our    careless 784 

Shop  heating.  See  "Heating  and  ven- 
tilation." 

Shop,    Plant-repair.      Jones *371 

Short-circuits,     etc.,     in     field     coils. 
Annett     *299,     In     armatures     ^672, 

•717,  ^737 

Shrink   fit.   Making.      Swaren *816 

Shunt-motor    characteristic     917 

Shunt,  Reactive  interpole.     Fox 212 

Signal    system.    Engine-    and    boiler- 
room.       Conklin 652 

Simplex   Co.'s   gage   tester *634 

Sink,  Home-made.     Johns •lOS 

Siphon,  Starting    a.      Connor *S56 

Siphon,  Steam,  with  air +109 

Siphonage   bet\veen   boilers J283 

Siphoning,    Pressure    realized    by....t579 
Skimmer,  Boiler.  Lincoln  "Schreiber"      *S 

Skimmer,   Gravity   boiler.      Noble 'ISS 

Skinner,  A.  D.     IJnaflow  engine,  Eu- 
rope     *558 

Skinner     Engine      Co.'s      'TTniversal" 

unaflow  engine ^777 

Slack  coal.  Hocking  Val.   Smith 575 

Slide   rule.   Small,   Small   &   Co.'s   cir- 
cular      *S73 

Slide   rule.    Solving   proportion   by...tl09 

Slide-valve   repair.     Laird ^388 

Slippage.    Pump 743.    766,    927,   928 

Small,  Small  &  Co.'s  calculator ^873 

Smallwood.      Mechanical    Laboratory 
Methods     7474,     Saturated   -   steam 

{properties  curves *715 

Smith,  A.    O.,   plant,   Milwaukee   301.    ^302 
Smith,     M.     B.       Comparing     power- 
plant    efficiencies    •213,    389,    Hock- 
ing Val.  slack  coal  575,  Broken  baf- 
fles     ^708 

Smoke.      See    also    "Boiler,"    "Stack," 
"Chimney,"   etc. 

'  Smoke  abatement,   P.   R.R 566 

Smoke  abatement  —  Railroad  confer- 
ence        373 

Smoke  abatement  vs.  economy.  Plais- 

ted     248 

.Smoke  as  legal  nuisance.     Street....    376 

Smoke  at    night    Illegal 387 

Smoke — Cinder    catcher,    St.     George 

Hotel    'SIS 

Smoke  consumer.  Morse •235 

Smoke — Effect  of  Soot  on  Vegetation. 

Clevenger tl53 

Smoke,  Firing  without.  Monnett....  207 
Smoke   flue  on   boiler   house,   Gadsen 

plant     •IBe 

Smoke  flue,  Virginian  Power  Co •407 

Smoke,  Ignored  cause  of — Foul  tubes  888 
Smoke-inspection     departments.     Ap- 
propriations for 497 

Smoke    inspection,    Milwaukee    elec. 

sta '294 

Smoke.   International   Asso.   for  Pre- 
vention of 497 

Smoke — Nashville  heating  boiler  rules  348  . 

Smoke  ordinance,  Pittsburgh    308 

Smoke  preventer,    Aube    ^206 

Smoke    prevention.    Steam    jets    for. 

McGahev   •21.    217,   MacLean 217 

Smoke     problem.     Pittsburgh,     Engi- 
neering  phases   of — Mellon    report, 

344,  349 
Smoke  recorder  and  monitor.  Strong.'912 
Smoke  reducing  with  steam  jet;  cal- 
culating   smoke    density.      Monnett  •SS 

Smoke   report,  Boston    394 

Smoke    scale.     Convenient,     Hamler- 

Eddv  Ringelmann    '66 

Smoke"   study,    .Salt    Lake   Cy 624 

Smokeless      combustion.      Obtaining. 

Hurst    540 

.Smokeless   furnace.   Building.     Shoe- 
maker       101 

Smooth-On.    Repair   with 855 

Snake   Riv.   basin   water  power 793 

Soda  ash   in   boilers.      Hurst 103 

Romerscales.  Lessons  in  Mechanics. t830 
Soot  blower.  Bennett -Dluge  "Planet". ^714 
Soot    blower.    Diamond    dry-jacket .  .  .•746 

.Soot-blower  pipe  corrosion •IM 

Soot.  Effect  on  Vegetation.  Clevenger.tl63 
Sothern.  Marine  Engineering  Prob- 
lems +  625.  "Wrbal"  Notes  and 
Sketches  for  Marine  Engineers  t625. 
Elementary  Mathematics  for  Ma- 
rine Engineers    T664 

South  .Vm.  trade— Careless  shippers.  .    .84 

Southern   111.   Light   &   Power  Co *2S8 

Specl.dlzatlon    In    power   plant.. 611 

Specific  heat   explained.     Bromley ..  .•IS.' 
Speed-changing    device.    Cooper    en- 
gine   'J^J 

Speed,  Effect  of.  upon   direct-current 

generators.     Fox    J;^ 

Speed   reduction.  Turbine    •  .  •  •    ••' i 

Speed  tachometer,    Bristol    recording  "IS 
Sprav,  Cooling,   for  Increasing  capa- 
city    of   drv- vacuum    pump.    Hurst.      « '■ 
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Spray   pump,   Handy.     Connor •92ii 

Sprinkler     piping — Static     pressure? 

Wight    ......    '29 

Stack.     See  also  "Chimney,"  "Smoke. 
Stack,  Brick,  Removing.      Brehm.  . .  .  •  i  Sb' 
Stack  sizes — Nashville  heating  boilers  34S 
Stack — Smoke    flue    on    boiler    house,      _ 

Gadsen  plant   *l3*> 

Stacks,  Individual  steel,  Moline  plant, 

*119.   140 
Stacks  overloaded  due   to  excess  air  216 
Stacks,    Self-supporting    steel.    For- 
mula for.     Durand  203,  Sandstrom .    465 
Stacks,  Steel,  Lap  of  girth  seams  of. 

Jahnke    '753 

Staley  power  plant.     Wilson *2 

Starting   compression   plant.     Ander- 
son 23,  Keil   219 

Starting,    Delta-star,     for    induction 

motors.      Temple    '582 

Starting  engine — Peculiar  character- 
istic.    Carter 107 

Starting  motors.     Fox *4S8 

Starting    unloader    for    motor-driven 

compressors,  Tarnall-Waring *171 

Static    pressure?      Wight *29 

Station-design    irregularities.    Avoid- 
ing      385 

Stator  connection,  "Wrong.  Horton...  26 
Stator,  Detecting  grounded  bar  of..tS19 
Stay-bolts,  Holding  strength  of.  Mc- 

Cabe '137 

Steam.      See  also   "Engine."    "Boiler," 
"Turbine,"     "Superheat,"     'Tump," 
"Piping,"      "Trap,"      "Heating     and 
ventilation,"   "Separator,"   "Gage." 
Steam  chart,   hand   firing.     Hyde.... '183 
Steam  consumption    from    diagram. t'617 
Steam  cost,  Cleveland  —  Correction, 

etc 94,  750,  864 

Steam   cost,   Staley  plant '4 

Steam,  Dry  saturated — Meaning.  ..  .tl09 
Steam-electric     generating     stations. 

Recent  developments  in.     Hunter.  .    897 
Steam,     Exhaust — Thermometer     and 

mercury-column   reading    924 

Steam,  Exhaust,  Value  of.  Grain...  811 
Steam,  Figuring  cost  of  1000  lb.  of. {789 

Stear..-flow    formula    constant t893 

Steam-flow  meters    'IH,    'ISl,   "744 

Steam-flow   meter   utility.      Hurst... •181 

Steam  flow    through    pipes 748 

Steam  from   cu.in.   of  water {249 

Steam  from  gas-engine  jacket  water, 

•494,   752 

Steam  heat,    latent,    etc.      Quizz 136 

Steam  jet.     Reducing     smoke      with. 

Monnett     ^58 

Steam  jets  —  Boiler   test.      McGahey, 

•21.  217 

Steam    jets — Formula.      Pearce 29 

,Steam-line     expansion.       Hurst 542 

Steam,  Live,  ash  ejector.     Clark •889 

Steam  mains.  Replacing,  N.   T 191 

Steam-power  plant.  Bakersfleld   •476,  588 
Steam  -  pressure      regulator,      Finch- 
Pruyn    Co.'s    electrically    operated. 

Giles •seg 

Steam  required  for  warming  air.... $757 
Steam.   Saturated,   properties   curves. 

Smallwood    '715 

Steam   ■washer.     Cook    ^144 

Steel   industry.    Electricity    in 663 

.  Steel  mills,    Low-pres.    turbines     in. 

Cutler   827 

Steel  pipe  durability.     Hirst 334 

Steel — Stresses    361.    362,   Phosphorus  361 

Stillman.      Lubricating   Oils t728 

Stirling  boilers.   Chain   grates   under. 

Monnett    •658 

Stoker,   Chain  Grate.     B.  &  W.   Co. . .    144 

Stoker.    Cooke    mechanical •623 

Stoker  control.  Waterside;  also  Unit- 
ed Elec.  L.   &  P.  Co.'s.     Bromley.  .*698 
Stoker     grate.     National     smokeless, 

New   Albany    *5Z 

Stoker.   Illinois   chain-grate •340 

Stoker,    Keystone    ^483 

Stoker,   Westinghouse    underfeed. ..  .*841 

Stokers.  .Automatic.     Piggott    586 

Stokers,    Chain-grate,     and     ignition 

arches.     Harrington    419 

•Stokers — Chain-grate    settings     •532, 

•560.    (Errata   660.)    •607,   ^658 

Stokers,   Front-feed.      Monnett    ^712 

Stokers,  Side-feed.      Monnett    ^802 

Stokers,   etc. — Pittsburgh    smoke    in- 
vestigation        344,349 

Stokers,   Semi-,   Gravity-feed.      Mon- 
nett     •381 

Stokers,  Underfeed.     Monnett •838 

Stokers.  Underfeed.  Operating.  Haw- 
kins 87,  Large  351,  Brown 387 

Stop,  Gaso.  pumping  engine.     Stand- 

■    ley »854 

Slop  valve,  Bradford  automatic  non- 
return     •886 

Stops.    Emergency,    Turbine 177 

•Storage  batteries.      See    "Batteries." 

Storage  bin.  Baker    suspension •267 

Storm.  Rain,  horsepower.    Pearce....      25 

Stow   portable   drilling   machine ^66 

rStreet.  Court  decisions  45.  115.  127, 
154,  174,  254,  362,  472,  664.  727.  868, 
Smoke  as  legal  nuisance  376,  Oper- 
ation of  boiler-inspection  Law^s  431, 
•  Rights  concerning  dams  445,  Where 
reports  are   obtainable t429 


Page 
Strohm.     Oil   Fuel  for  Steam  Boilers 
7S30.      Poems — The      engineer      76, 
Fools  •257,  Fire  often,  fire  light...  ^475 
Strohmeyer.      Testing    fatigue   limits 

•793,  719,  Marine  Boilers t830 

Strong.  Smoke  recorder  and  monit'or.*912 
Stud,  Securing  pump  gland.  Lucas.. •542 
Stud     threads.     Clearing,     with     dies 

made  of  steel  nuts •391 

Study    course.     Engineers'     •32,     ^74, 

•110,  146,  ^186,  •220,  250,  •284,  •SIS, 

•358,    '393.    •430,    •466,    '506,    536,    ^544 

— Problems     in     power-plant     design 

•580,  618,   655,   '692,   ^724,   758,  ^790, 

820,    •858,   •894,   931 
Stuffing-box,  Improving   pump.      Carl   614 
Stuffing-box,   Worn    pump.    Reinforc- 
ing.    Gibson    ^98 

Stumpf.     See   "Unaflow." 

Sturtevant    collector    and    fan ^568 

Suction  pipe.  Air  in.     Kjerulff 891 

Sulzer     centrifugal      pump,      4000-hp. 

•413,    Unaflow    engine ^559 

Summer,  Did  this  happen  during?       '441 
Superheat    buffers    and    alarm,    Ade- 
laide plant   •554 

Superheat  for  Corliss  engines.  Pearce 

SS6.  Ed.  888,  G.  U. {145 

Superheated  steam  advantages {109 

Superheated  steam    temperature     ...{320 

Superheaters    flooded.       Hurst 26 

Superheaters,  Steam.     B.   &  W.  Co...    t44 

Superheating  steam.  Methods  of {31 

Supply  tank.  Heater  in.     Hurst ^539 

Surging,    Discharge-pipe.      Hurst    30, 

Pearce    354 

Suspending    motors.      Davies ^772 

.Susquehanna   Coal   Co.'s   "don'ts"....   602 

Sweet,  J.  E.,  receives  medal ^865 

Switch,    Large    disconnecting ^662 

Switchboard  repair.  Cement   for 935 

T 

Table   of   contents.   New 140 

Tachometers,  Bristol  recording ^15 

Tank   bottoms.    Shape   of   iron {505 

Tank-ship    explosion,    Brooklyn 45 

Tank,   Supply,   Heater   in •539 

Tanks — Power-plant   design    759 

Tapered   pin   dimensions.      E.   F.   T...t249 

Taylor  stokers   ^839 

Temperature  explained.  Bromley  •162,  500 
Temperature      regulator.      Industrial 

Inst.    Co.'s    "Foxboro" ^823 

Temperatures  in  electrical  apparatus. 

Newbury ^39 

Temperatures  in  internal-combustion 

engines;  determination   •380 

Temperatures   in   Locomobile ^495 

Temperatures,    Measuring    high    and 

low.       Albers     34 

Temple.  Delta-Star  starting  for  in- 
duction motors  ^582,  Kv.-a.  and 
kw.     ratings    and     effects     of    low 

po'wer    factors    741 

Tenn.  C.  I.  &  R.R.  Co.'s  low-pressure 

turbines.      Cutler     827 

Tenn.   power  plants  merge 550 

Terman.  'Weldert  drums  •90,  100, 
Connections  for  gravity  returns  for 

heating  boilers •ISS 

Terminal   pressure   with    V*    cutoff ..  .{429 

Test.     See   also   "Boiler,"   etc. 

Test,  Engine,  Reducing  to  guarantee 

conditions.      Corbett    ^414 

Test      reports.      Boiler,      Simplifying. 

Morrison    687,    Kent,    Fisher 852 

Tester,     Portable     dead-weight,     for 

pressure  gages.  Simplex  Co.'s  Cox.*634 
Testing,  Air-compressor.     Lancaster, 

Dean    *425 

Testing  armatures,   etc.      Secor ^641 

Testing  fields    and     armatures.      An- 

nett    *86,    •168.    ^299,    ^672,    •717.    ^737 
Testing,     Gas  -  producer.    Brown, 

Schwarz    22 

Testing  lubricants.      Yates    ^675 

Testing  machine.  Lubricant.  Robin- 
son     '785 

Testing  metal-fatigue  limits.  Stroh- 
meyer        •793,  719 

Testing  out  safety  devices 783 

Testing     polarity.        Ampudia      *687, 

Justus    852 

Testing   set.   Insulating-oil ^679 

Tests,  Gasoline    substitutes.    Moyer..^569 

Tests,  Manufacturers'    887 

"Texas  Power  Co.'s  cooling  towers.  .  .•743 

Theoretical,    Book    knowledge? 314 

Thermocouple  connection.  Schwarz.  .  22 
Therm.ocouple.  Internal-comb,  engine. •SSO 

Thermofeed   water   regulator •164 

Thermometer     and     mercury-column 

reading    924 

Thermometer,  Brown  resistance ^175 

Thermometer  scales  explained.  Brom- 
ley     ^162 

Thermometers    for    flue    gas {893 

Thermometery.      Albers    34 

Thesis,  New  combined.     Cassidy 85 

Triessen.      Origin    of   Coal t936 

Thoens-Meterie  steam  trap •SSI 

Thomson.       Heat  -  engine     efficiency 

chart    ;  .  .  .•643 

Threading  turbine  inlet.     Jones ^142 

Threads,  Briggs  standard   pipe. ....  .•646 


Page 
Threads,     Stud,     Clearing    with     dies 

made  of  steel   nuts.      Powers •391 

Three-phase  motors.  Protecting.  Rob- 
inson    ^546 

Three-phase  system  or  direct  current 
for  isolated  plants.     Marshall  ^211, 

Fletcher    •SOI 

Throttle,    Quick-closing   compressor. ^879 
Throttle    valves.    Engine    359,    Quick- 
closing.     Humphrey   390 

Thrust    bearings.      Grimshaw 182 

Thurston.     Detecting  ammonia  leaks, 

656,   851 

Tool-board  utility — Cartoon    •763 

Tools,  Care  of 468 

Tools,  Plant-repair.     Jones ^371 

Tools,  The  value  of 20 

Trade,  Learning  a 349 

Transformer  connections  —  Voltage 
combinations.     C.  D.  {145,  Joslyn..^317 

Transformer,  Large   testing    835 

Transformer,  No   load    loss   of {543 

Transformers,   Oil,    Drying.  McLellan  274 
Transformers,   Washed  air   for  cool- 
ing.    Hall   •SSS 

Transformers,  wheeled  on  concrete 
foundation,  Virginian  Power  Co.'s. ^411 

Transmission  line, .Longest 467 

Transmission  regulation,  150,000-volt.^Dl2 
Transmission    -    system         operation. 

High-tension — A.    I.   E.   E.    report.  .    114 
Transmitting    system,    Bristol    long- 
distance    'gie 

Transporting  boiler,  Australia •635 

Trap    alarm.    Novel.      Wilson •786 

Trap  and  separator,  Home-made.  Ma- 

rier •785 

Trap,   etc..   Action   of.      Quizz ^52 

Trap,  Steam,    Armstrong    ^148 

Trap,  Steam,  Brown ^739 

Trap,  Steam,     Thoens  -  Meterie,     Fo- 

garty's 'SSl 

Traps,  Discharge  from    640 

Traps,    Steam,      avoided.      Waterside 

station,  Louisville ^328 

Tri-City  Ry.  &  Lt.  Co.     Wilson.  .*118,   140 
Trump.      Large   Humphrey   pump.... •767 
Tube.  See  also  "Boiler,"  "Condenser." 
Tube  expanding.  Proper  244.  Wells.. ^245 
Tubes,  Weak  boiler.  Tool  for  detect- 
ing.     Cran    ^599 

Tunnels,  Pipe — Plant  design •Sge 

TURBINE.    STEAM 

— Adelaide  municipal  plant.  Moffitt..^554 
— Ala.  Power  Co.'s  plant,  Gadsen. ..  .•ISe 

— Bakersfleld,  Calif.,  plant ^476,   588 

■ — Blades.    Records    to    detect    coating 

of.      Hurst    721 

— Bleeder  turbine  defined.     H.  D.  R..{429 
— Brooklyn    Edison's    new    Westing- 
house  turbine.     Bromley ^442,   461 

— Brown-Boverie  40,000-hp.  turbine..    138 
— Commercial  flour-mill  plant.     Wil- 
son     •870 

— Compound  steam  turbines;  West- 
inghouse-Parsons    30,000-kw.    unit. 

etc.     Hodgkinson    •374,461 

— Condenser  and  cooling  to-wer  for 
mixed-pressure     turbine — Sauquoit 

Silk  Mfg.  Co.'s ^226 

— Condensing  surface  per  kw {357 

— Design,  Things  of  interest  in  re- 
cent— Large  land  and  marine  tur- 
bines: materials;  speed  reduction; 
Ljungstriim  turbine,  etc.     Parsons, 

Carnegie  et  al 910 

— Freeing  final  stages — Rice,  Pape, 
Junggren.  Ljungstrom  and  London 

methods,  etc.     Low •583 

■ — Governor.  Loewenstein's  centrifu- 
gal-pressure,  G.    E.    Co.'s •339 

— Heat  distribution  in  turbine  plants 
— A.    E.  G.   data;   diagrams.     Foth- 

ergill    ^61 

— Jenckes  Spinning  Co.'s  low-pres- 
sure    turbine     plant     performance. 

Bromley    ^764 

— Large  steam  turbines 461 

— Louisville-Waterside    station    ^328 

— Lo^w-pressure   turbine   plant,    Penn 

Mary   colliery •18j 

— -Low-pressure     turbines     in      steel 

mills,  Tenn.   C.   &   I.   Co.'s.     Cutler.    827 
— Milwaukee's    largest   elec.    station: 

low-pres.   turbines    •290.   899 

— Moline  plant's  10,000-kw.  unit 
Westinghouse       impulse   -  reaction 

turbine    ^118 

— Oil  alarm.  Low-level.     North ^465 

— Oil    saving   from   bearings.      Best..^375 
— Operators,    More,    not    needed     for 

large  unit 54 

— Pflster  &  Vogel  turbine  plant.  .301.  ^302 
— Steam  connection.  Repairing.  Jones.*142 
— Steam-electric  generating  stations. 
Recent   developments   in.      Hunter.    897 

— Stops,  Emergency   177 

— "Thrust    bearings.       Grimshaw 182 

— Tube   cleaner.   Turbine-driven,   La- 

gonda *S9 

— Turbine,    20,000-hp.    and   equivalent 

engines ^665 

— Turbinen  mit  Dampfentnahme 
CBIeeder   Turbines).      Kriegbaum  .  .f  936 
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TURBINE,  STEAM — Continued 
— Virginian  Power  Co.'s  plant,     Rog- 
ers     *404 

— Wanderer    power    plant,    Germany.  *366 

— -Water   rate,    turbo-generator t505 

Turbine,  Water.     See  "Water  power." 
'Twas    ever    thus.      Sandstroin 53S 

U 

Uehling    barometer   and    vacuum    re- 
corder     *29S 

Unaflow   engine,   Ames   Stumpf 'TOl 

Unaflow  engine.  Skinner  "Universal". *777 
Unaflow  engines,  Europe.  Skinner.  . 'oSS 
Union     brewery     flywlieel     explosion 

»114,     359,     Humphrey 390 

United  Elec.  Ut.  &  Power  Co.'s  stoker 

drive     'TOO 

Unloader,  ,Startlng,   for  motor-driven 

compressors,    Yarnall-Waring    ....*771 
U.   S.   Bureau   of  Mines — Natural-gas 
waste  461,  Various  papers  t43,  t474, 

te25,  t936 
U.  S.  Bureau   of  Standards — Kw.  and 

hp.    720,    Electrical    safety   rules...    S06 
U.  S.  Metals  Ref.  Co.'s  Nordberg  en- 
gine    »414 

Universal  handhole   scraper    *30S 

Universal   packing  hook    "SS 

Universal  unaflow   engine    *777 

Unusual  man,  The 278 

Uptake  diameter.     B.  V {249 


Vacuum  ash-handling  system  operat- 
ing cost.  Sandstrom  21,  575,  Ar- 
nois   354,   Ricker   3SS,   Hurst 503 

Vacuum  heating.  See  "Heating  and 
Vent." 

Vacuum,     Percentage     of 574 

Vacuum  pump.  Dry,  capacity.  In- 
creasing.     Hurst    ♦26 

Vacuum  recorder,  Uehling *298 

VALVE 

— Ammonia-compressor  valve,  L.arge.*882 

— Automatic  valve,  Vento ♦174 

— Ball  valve,  "Farrell,"  Pratt  &  Cady 

Co.'s    ^373 

— Blowoff  valve  left  open.     Hawley.  .*352 

— BlowofE  valves,  Powell ♦266 

— Brasses,  Replacing  rod t691 

— Brine-pump  valves,  Quincy  Market.^915 

— Check    valve.    Leaky.      Binns 753 

— Check     valve,    Powell     White    Star 

dashpot   ^545 

— Compressor  -  valve     plug     gaskets. 

Herr    687 

— Corliss  valve-gear  wreck.  Israel.  .  108 
— Cutoff  recorder.  Automatic.  Salmon. ^677 

— Exhaust  valves,  Noisy.     C.  G t31 

— Gas-engine   valve    setting.   Muench.^547 

— Gate  valve,   Flow   through t2S3 

— Gate    valves,   N.    Y.    Edison's    large 

Nelson    4fi 

— Globe  valve  on  feed  pipe.  Placing.  .{617 
— Keys,     Valve  -  gear.     Keeper     for. 

Hurst   144 

— Nonreturn    valves   on    steam    pipes. 

Hawkins •735 

• — Operating  4-way  valve,  Schnicke 
hydraulic,  Schutte  &  Koerting  Co.'s.^l49 

— Packing  book.    Universal     '66 

— Packing      under     pressure;      space 

vented.      White    *575 

— Port  and   pipe   sizes 1757 

— Pressure-reducing  valve  efficiency. {789 
— Pump-valve  spindle  repairs  at  sea. 

Rennie    *2S 

■ — Pump-valve  stems  repaired.  Pagett.^248 
— Pump  valves.  Blanking.  Binns...  92'J 
— Pumps,    Triplex,    Replacing   valves 

in.     Lloyd   92S 

— Pumps,  Valve  area  in.  Morrison.  .•747 
— Rod  end,  Fastening  ball   on.     Hol- 

royd    2S1 

— Rod."!.  Measuring  bent.  Burley .  .  .  .♦756 
—  Safefy-valve  area.  Determining...  917 
— Safety-valve    clamp.      Wrightson.  .•654 

— Safety  valve.    Gag    on 686,    ^695 

— Safety  valve,   Hammering  of {691 

— Safety  valve.  One,  to  blow  off  be- 
fore  the   other    {789 

—Safety  valve.  Pop,  Amount  of  blow- 
off  of    {691 

— Safety-valve    silencer.    Maxim •736 

— Safety-valve   steam   discharge {691 

— .Safety   valve    weighted;    explosion, 

397,  r.?6 
— Safety  valves  on  refrlg.  machines.  856 
— Safety    valves.    Pop — Uniformity..    471 

— Set  engine.  One  way  to.     Barr 103 

—Slide-valve  repair.     Laird •SSS 

— Stoker  regulating  valve,  Dia- 
phragm     'TOO 

- — .Stop     valve,     Bradford     automatic 

nonreturn   •SSB 

— Valves   and   fittings.   Proper 100 

— ■W'.i.ter-hammer    ruptures    bonnet..    588 
• — What      broke      valve?  —  Ammonia- 
compressor       valves       blew       out. 

Thurston    •391 

— Wolf  piston   distributing  valve.  ...  •SSe 

Van   Stone  .1olnt,   Mitchell    Impvd •718 

Van  Valkenhurgh.  Cinder  catcher.  .•918 
Vasll   shaking   and   dumping  grate.. ^147 
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Velocities — Study     course      ♦32,      ^74, 

•110,  146,  186,   544 
Ventilation.  See  "Heating  and  Vent." 

Vento  automatic  valve ^174 

Venturi  meter  operation.  Ricliardson.^iSO 
Verrill,  A.  H.     Gasoline  Engine  Book.t364 

Vilter    ammonia    regenerator '*709 

Virginian   Power  Co.'s  steam-turbine 

plant.      Rogers    *404 

Virtue  is   its   own   reward ♦327 

Voltage    combinations.       C.    D.    {145, 

Joslyu  •317 

Voltage,    Required.      S.    C {1S5 

Volts,  Changing  from  440  to  220.     M. 

F.    {145,    Justus,    Dawson *315 

Volume     regulator.     Air-compressor, 

Hall    •IS 

Vulcan   Boiler  Ins.   Co.   Steam   Pipes.   t44 

W 

Wages  and  license  laws.     Grain 355 

Waite — Dayton   city  manager.  ..  .783,   ll'S 

Wanderer  power  plant '366 

War,  European: 
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JD  you  ever  play  a  game  of  checkers?  If  so,  you  can  see  the  points  intended  to  be  brought 
'  out  in  the  cartoon.  Evers^  engineer  is  playing  a  game  even,'  day  of  his  life.  If  he  knows  his 
job  he  can  comer  the  other  fellow  every  time.  Kxamine  the  board  and  see  what  characteristics 
win  out.  King  Bluff  is  in  his  own  king  row.  He  is  in  a  position  to  jump  the  misled  superintend- 
ent, or  Man  Dupe,  and  it  is  King  Bluff's  move.  He  jumps  Man  Dupe  and  gets  in  the  way  of 
Man  Show  me,  and  is  immediately  put  out  of  business. 

King  Indolence  has  also  got  into  his  own  king  row  and  it  is  his  move.  When  he  does  move 
King  Hustler  puts  him  out  of  the  game.  Man  Can't  is  cornered  by  Man  Can  and  Man 
Ignorance  is  sewed  up  tight  by  King  Knowledge. 

Moral :  The  best  man  always  wins. 
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^r  FUmimil  Inn  Decatoir 


By  Thomas  AVilsox 


.•<YXOPSIS — This  boiler  plant  is  producing  steam  for 
KKOc.  per  1000  lb.  A  change  from  manual  to  automatic 
operation  in  handling  the  coal  and  a.s/ie.s  has  reduced  the 
boiler-room  labor  bili  two-thirds,  saving  $J,S  per  dag. 

In  Decatur.  111.,  the  A.  E.  Staley  Manufacturing  Co. 
has  a  large  plant  for  making  starch  of  all  varieties  and 
other  bvproducts  of  corn.     At  the  present  rate  of  work- 


ers is  about  ecjually  divided  between  the  engine  room  and 
the  manufacturing  plant. 

The  BoiLiiR  Plant 

To  supply  this  steam,  four  ."i.^O-hp.  water-tube  boilers 
have  been  installed,  and,  although  only  three,  under 
damper  control,  are  required  to  carry  the  load  at  present, 
it  is  expected  that  the  demand   for  steam  will  increase 


L  -,, 


Fig.  1.     Two  of  the  Boilki;  U.mts,  Showing  Binkeii  and  Coal  Scales 


ihg,  a  maximmn  of  about  800  kw.  for  power  and  lighting 
is  required.  There  is  a  total  of  90,000  lin.ft.  of  1-in. 
pipe  which  must  be  supplied  with  exliaust  and  live  steam 
to  heat  300,000  cu.ft.  of  air  per  min.  blown  over  the 
starch  to  dry  it.  Besides,  steam  for  industrial  piirposes 
is  in  considerable  demand;  in  fact,  the  load  on  the  boil- 


sufficiently  to  warrant  the  two  more  boilers  of  the  same 
size  which  will  soon  be  installed. 

Each  boiler  lias  5.500  sq.ft.  of  heating  surface  and  is 
equipped  with  a  chain-gi-ate  stoker  having  100  sq.ft.  of 
effective  grate  area.  The  ratio  of  heating  to  grate  surface 
is  .3.5  to  1,  and  mav  be  counted  low  when  it  is  considered 
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that  the  settings  have  been  designed  for  normal  loads  of 
200  per  cent,  of  the  builders'  rating  of  the  boilers.  The 
air  surface  in  the  grates  amounts  to  35  per  cent,  and,  be- 
cause of  the  diagonal  slots  in  the  sides  of  the  link,  which 
are  reversed  in  direction  in  the  opposing  link,  this  pro- 
]>ortion  is  maintained  without  allowing  a  large  percentage 
of  the  fine  coal  to  drop  through  to  the  ashpit. 

FuKXACE  Design 

As  will  be  apparent  in  Fig.  2,  giving  a  sectional  view 
of  one  of  the  boilers,  the  furnace  and  setting  have  special 
features  worthy  of  attention.  The  long  ignition  arch, 
together  with  the  corbeling  forward  of  the  bridge-wall, 
results  in  a  contracted  opening  (lii-(n;gh  which  the  gases 
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Sand  Fill  powcR 

Fig.  2.     Sectional  \\v.\\  oe  One  oe  riiE  Boileiis 

must  jiass  at  right  angles  to  llieir  prc\'i<iiis  tlow.  the  in- 
icniion  being  to  produce  the  sudden  and  lliorougli  mixing 
necessary  for  the  best  combustion.  The  bottom  iil'  the 
tulie  heailer  is  !>  ft.  <i  in.  above  the  boiler-room  tlooi'  and 
the  stoker   is  set  well    under  the  boik'i'.  so  that   there  is 


little  furnace  extension.  This  arrangement  gives  a  com- 
bustion space  formed  by  a  horizontal  chamber  underneath 
tlie  long  arch  and  a  vertical  chamber  immediately  under 
the  first  nass  of  the  boiler;  therefore,  it  is  claimed  that  a 
strong  igniting  elfect  is  secured  near  the  feed  gate  where 
tlie  fuel  is  first  introduced  to  the  furnace.  As  a  conse- 
quence, the  entire  fuel  bed  is  active  and  ready  to  respond 
to  any  increase  in  draft  over  the  fire.  In  this  particular 
plant  there  are  frequent  calls  for  large  quantities  of 
steam,  and  it  was  this  condition  which  influenced  the  de- 
sign of  the  furnace  to  a  great  extent. 

At  the  rear  end  of  the  grate,  underneath  the  opening 
between  the  arch  and  the  bridge-wall,  the  combustion  is 
intense,  due  to  the  draft  available  at  this  point,  the  thor- 
ough mixing  of  the  gases  and  the  strong  ignition  pre- 
viously referred  to.  This  capacity  to  meet  sudden  fluctua- 
tions in  load  and  at  the  same  time  maintain  the  fii-es  in 
uniform  condition  is  in  part  responsible  for  the  excellent 
records  given  on  the  next  page. 

Dkaft 

The  boilers  are  of  the  three-pass  type,  arranged  two  per 
liattery,  each  pair  having  a  common  steel  stack  rising  200 
ft.  above  the  grates.  This  stack  is  10  ft.  in  diameter  and 
has  a  G-in.  lining  of  four-cell,  radial  tile  which  reduces 
the  bore  to  9  ft.  The  draft  on  the  stack  side  of  the  damper 
is  1.3  in.  of  water,  and  over  the  fire  is  maintained  by  the 
damper  at  0.4  to  ().()  in.,  although  it  can  be  run  up  to  1 
in.  if  required. 

The  uptake  at  the  boilers  is  rectangular,  measuring  11 
ft.  5i/>  in.  by  2  ft.  4  in.,  and  gradually  rounds  to  the  in- 
ternal diameter  of  tlie  stack.  There  is  but  little  obstruc- 
tion to  the  flow  of  gases.  In  a  sense,  there  is  no  breech- 
ing. The  flow  of  the  gases  from  the  boiler  is  upward  di- 
rectly into  the  stack.  Two  right-angle  turns  are  avoided, 
also  the  interference  of  the  gases  of  one  boiler  with  those 
of  another,  and  the  friction  of  a  long  run  of  breeching. 
'Co  secure  these  benefits,  three  stacks  instead  of  one  are 
necessary,  but  it  was  considered  that  the  additional  cost 
was  warranted  as  it  gave  a  natural-draft  ])lant  with  nearly 
as  great  a  range  as  woulil  urdinarily  l)e  ohtaiiUMl  with  a 
forced-draft  outfit. 

1''im:-('o  m.    IIdimmoi; 

Aunllier  lealui-c.  sIkiwu  in  Figs.  2  and  :!.  is  tile  line- 
coal    li(i|i|)er  under  each  stoker,  arranged   so  tliat   it  will 
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Locomotive  C'hane  and  Inclined  Belt  Con- 
VEYOU  AT  Side  of  Boileii  Room 
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rear  of  the  grate  is  not  ccndiicive  to  good  combustion  or 
operation  at  high  capacity;  lience  the  desirability  of  ex- 
cluding the  air. 

Producing  Stea.m  for  10.6c.  per  1000  T.b. 

Unwashed  Springfield  screenings,  1^4  i^v  is  the  fuel 
used,  and  in  average  daily  operation  from  42  to  45  lb. 
are  burned  per  square  foot  of  grate.  This  rate  of  com- 
bustion is  obtained  with  a  draft  of  0.4  to  0.6  in.  over  the 
fire,  carrying  a  i'-in.  fuel  bed,  and  if  the  maximum  draft 
which  the  stack  could  produce  were  iised,  the  rate  would 
be  still  higher.  Per  pound  of  coal  as  fired,  the  evapora- 
tion from  and  at  213  deg.  F.  ranges  between  7  and  8  lb., 
but  it  must  be  remembered  that  this  is  obtained  vfith 
dirty  coal,  not  exceeding  10,000  B.t.ii.,  which  costs  $1.40 
per  ton  delivered  to  the  bunkers. 

The  data  given  in  Table  1  for  the  week  of  Feb.  9  to  14 
show  what  the  j.'iant  is  doing.  No  attempt  was  made  to 
select  favorable  data ;  a  week's  record  was  picked  out  at 
random,  so  that  the  results  should  represent  the  average 
performance.  It  will  be  noticed  that  three  boilers  were 
run  at  145  to  181  per  cent,  of  the  builder's  rating  24 
hr.  per  day.  The  cost  for  coal  and  labor  per  thousand 
pounds  of  steam  runs  as  low  as  10.6c.  Wlien  it  is  con- 
sidered that  the  usual  cost  for  the  same  output  averages 
from  15  to  20c.,  it  will   lie  appreciated  that  remarkable 
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TABLE  1      COST  OF  STEA.M  AT  THE  STALEY  PLANT  ' 

Monday                           Tuesday                        Wednesday  Thursday                            Friday                            Saturday 

Feb.  9,  1914                   Feb.  10,  1914                  Feb.  11,  1914                  Feb.  12,  1914                  Feb.  13.  1914                  Feb.  14,  1914 

Day            Night            Day            Night             Day  Night            Day            Night             Day             Night             Day            Night 

Duration  of  run,  hr 11                  13                  11                  13                  11  13                  11                  13                  11                  13                  11                  13 

Boiler  pressure,  lb.  gage      .          142                 142                 142                 142                 142  142                 142                 142                 142                 142                 142                 142 

Feed-water  temp.,  deg.  F..  .         200               200               200               200               200  200               200               200               200               200               21X)               200 

Evaporation  factor 1.057            1.057           1057           1.057            1.057  1,057            1.057            1.057            1.057            1057            1057            1057 

Total  water  evaporated,  lb.  1,071,204     1,198,296      935,034       1,161,984     1.008,580     1,098,438     1,034,892     1,181,957     1,080,282     1,229,161      925,056      1,014,920 
Total  equiv.  evap.  f.  and  a. 

212  deg.  F 1,132,262     1,266,598      988,331       1,228,217     1,066,069     1,161,058     1,093,880     1,249,328     1,141,858     1,299,223      977,784       1,072,770 

V>  ater  evap.  f.  and  a.  212 

deg.  per  hr 102,933         97,431          89,849          94,478          96,915  89,312          99,443          96,102         103,805         99,940          88,889          82,521 

Evap.  f.  and  a.  212  deg.  per 

lb.  coal  as  fired,  lb 8.09             7.63             6.59             7.22              7.5  7                    7.6             7.1               8.27             8  02             6  88             6  62 

Boiler  hp.  developed 2983             2824             2602             2738             2809  2588             2882             2786             3008             2897              25.77          2390 

Per  cent,  of  builders  rated 

t.P •■••, 181                IVl                158                166                170  1.57               175               169                182                176               156                145 

W  eight  of  coal  as  fired,  tons         70                 83                 75                 85                 71  85                 72                 88                 69                 81                  71                  81 

Grate  surface  in  use,  sq.ft.        300               300               300               300               300  300               300               300               300               300               300               300 
Coal    burned    per   sq.ft.    of 

grate  per  hr.,  lb 42.4             42.5             45.4             43.6               43  43  6             43.6             45.2             41  S             415               43               415 

Cost  of  coal,  dollars 98             116.20            105               119             99.40  119             100.80         123.20          96.60           113.40          99.40          113  40 

Cost  of  fireman,  assistant, 

4  laborers,  dollars 21.20           17  65           20.20           20.05           22.02  24  30           20.85           21.42           21.52           19.70           22.02           20  05 

Total  fuel  and  labor  cost, 

doUars              119.20         133.85         125.20         139.05         121.42  143.30         121.65         144.62         118.12         1.33.10         121.42         133.45 

Cost  of  1000  lb.  steam  f. 

and  a.  212  deg.  F.,  doUars      0.106           0.106           0.127           0.113           0.113  0.123           0111            0116           0  103           0.103           0.124           0.125 

deliver  the  coal  to  the  same  cars  which  receive  the  ashes ;  results  are  being  obtained.  "When  the  plant  is  extended 
the  coal  is  returned  to  the  conveyor  system.  The  ash  and  the  load  increased  so  that  the  boilers  may  be  run  at 
cars  are  of  steel  and  side-tilfmg :  the  car  body  is  detach-  fully  200  per  cent,  of  rating  without  any  appreciable  in- 
able  so  that  it  can  be  picked  up  by  a  crane  and  the  con-  crease  in  labor,  the  above  costs  may  be  slighth-  lowered, 
tents  dumped  into  a  railway  car.  The  ash  hopper  is  re-  Burning  the  lowest-priced  coal  on  the  Decatur  market 
inforced  concrete.  The  doors  are  lined  with  firebrick,  under  excellent  conditions  for  good  combustion,  and  an 
mounted  on  rollers,  and,  as  may  be  seen  in  Fig.  3,  are  efficient  coal-handling  system  reducing  the  labor  in  the 
specially  equipped  with  a  system  of  levers  by  which  they  boiler  room  to  a  minimum,  are  the  factors  responsible 
can  be  made  air-tight.     Leakage  of  cold  air  around  the  for  the  low  cost  of  steam. 
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To  1)0  consistent,  a  conveying  belt  system  transfers  the 
coal  in  the  railway  car  to  the  stokers  at  a  cost  ranging 
from  2  to  3c.  per  ton.  The  system  has  a  capacity  of  50 
tons  per  hour,  a  bunker  storage  of  800  tons  and  between 
the  bunker  and  hopper  of  each  stoker  a  Kichardson  scale 
intervenes,  so  that  the  weight  of  fuel  to  the  furnaces  may 
be  recorded  as  it  is  used.  A  10-hp.  motor  moving  GSO 
ft.  of  belt  is  the  power  required  for  transferring  the  coal. 
The  general  arrangement  of  the  system  is  shown  in  Fig. 
{).  Fine  coal  is  discharged  from  bottoua-dump  cars  into 
a  lOxlO-ft.  track  hopper  to  the  bottom  of  which  are  at- 
tached skirt   Ijoards   for  guiding   the  coal   onto   a   short 


Fig.  7.     FEifKo-IxcLAVE  Elnkkk  lxuek  Euix  riox 

cross-l)clt  (Iciivcring  to  a  Ki-in.  inclined  belt  i-iiiiniii,u- 
along  the  side  of  the  boiler  room,  as  in  Fig.  4.  M  the 
point  of  feed,  a  slide  gate  is  provided  which  may  be  regu- 
lated from  the  ground  level.  Eun-of-mine  coal  is  dis- 
charged into  a  12.\12-ft.  receiving  hopper  by  a  locomo- 
tive crane  which  also  handles  the  coal  to  and  from  the 
outside  storage.  From  the  hopper  the  coal  passes  to  a 
shaking  feeder  given  a  reciprocating  motion  by  a  pair 
of  connecting  rods  through  crank  disks  and  a  direct  gear 
drive  to  a  3-hp.  motor.  The  shaker  feeds  the  coal  to  a  two- 
roll  crusher  { rolls,  20  in.  in  diameter,  with  30-in.  face) 
at  a  uniform  rate  of  .50  tons  an  hour.  From  the  crusher, 
■which  is  driven  by  a  20-hp.  motor,  the  coal  is  delivered 


to  the  inclined  conveyor.  A  1)ypass  chute  around  the 
crusher  handles  the  fine  coal. 

All  of  the  conveyors  are  designed  for  a  speed  of  250  ft. 
per  min.  From  the  receiving  hoppers  to  the  upper  end 
of  the  incline  is  approximately  184  ft.,  and  the  rise  about 
40  ft.  above  the  ground  level.  A  short  cross  belt  transfers 
the  coal  to  the  delivery  belt  running  over  the  bunker  in 
a  reverse  direction  and  parallel  to  the  inclined  belt.  The 
conveyor  over  the  bunker  has  an  automatic  self-reversing- 
and-propelling  rripper  with  90  ft.  of  track;  this  appears 
in  the  background  of  Fig.  5.  An  elevator  at  the  near  end 
of  the  boiler  room  would  have  shortened  the  coal  travel, 
but  it  would  have  necessitated  more  power  per  ton  of  coal 
delivered.  As  it  is,  a  10-hp.  motor,  by  means  of  the  trans- 
mission mechanism  indicated  in  Fig.  G,  drives  the  four 
conveyor  belts. 

Fig.  7  shows  the  coal  bunker  under  erection.  This  is 
made  of  steel  and  concreted  on  both  sides ;  the  method  of 
support  is  indi<'ated.  The  shape  of  the  bunker  insures 
delivery  of  most  of  the  coal  to  the  hoppers  of  the  auto- 
matic scales,  which  weigh  100  lb.  at  a  time.  The  scales 
are  mounted  on  a  structural-steel  carriage  carried  by 
wheels  on  a  channel  iron  runway.  A  motor  operates  the 
shaking  feeder  of  the  scale,  and  the  gates  admitting  the 
coal  from  the  bunker  are  controlled  l)y  a  chain  reaching 
to  the  floor. 

Saving  $43  ri:n  Pay  ix  Labor 

Before  the  new  boiler  plant  was  installed,  the  company 
liad  in  its  plant  three  23.")-hp.  and  one  280-lip.  water- 
tube  boilers  equipped  with  shaking  grates.  The  coal  was 
unloaded  and  fired  by  hand  and  the  firemen  were  worked 
on  three  8-hr.  shifts.  Thirty-seven  men  were  employed 
at  a  cost  of  $63.00  per  day  of  24  hr. 

When  the  new  plant  was  installed  and  equipped  with 
stokers  and  the  coal-  and  ash-handling  systems,  the  num- 
ber of  men  was  reduced  to  10,  the  tune  to  two  12-hr. 
shifts  and  the  cost  of  unloading  the  coal  from  6  to  7c. 
per  ton  to  a  figure  averaging  from  2  to  3c.  The  number 
of  men,  the  duties  of  cadi  and  tlicir  wage  are  given  in 
Table  2. 

Twv.    \\st:\\\:   Room 

In  the  engine  room.  Fig.  S,  part  of  the  old  equipment 
is  still  retained.  Tiiis  consists  principally  of  a  550-kw. 
generator  driven  through  a  rope  by  a  24x42-in.  Corliss 
engine,  a  1000-kw.,  single-stage,  noncondensing  turbo- 
unit  and  a  100-kw.,  direct-connected  engine-driven  unit. 
Each  generates  three-phase  current  at  440  volts,  used  di- 
rect bv  the  motors  and  transformed  to  110  for  lighting. 


Fig.  8.    Tthrtxr  axd  Corliss  Exoixe  ITxits 


Fig.  9.     Tii:w  oi-  thi:  Xi  \v   SwiTciinoAiin 
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The  initial  steam  pressure  to  these  machines  averages  150 
ib.  gage  and  the  back  pressure  21/2  lb.  A  steam-flow  meter 
lias  just  been  installed  to  measure  the  steam  to  the  engine 

TABLE  2.     LABOR  DISTRIBUTION  IN  BOILER  ROOM 
Old  Methwl 

3  Firemen,  three  S-hr.  shifts  at  23c ^'?  IS 

2  Fire  pullers,  three  S-hr.  shifts  at  2oc ,     P 

2  Coal  passers,  two  12-hr.  shifts  at  175c ,i  l,, 

4  Unloading  coal,  three  S-hr.  shifts  at  17ic ^^c    .„ 

2  Ash  wheelers,  three  8-hr.  shifts  at  17Jc "  W 

S63  60 
.\verage  cost  of  unloading  coal  per  ton  (including  unloadcrs 

and  coal  passers) SO  06  to  0  07 

New  Method 

1  Fireman,  two  12-hr.  shifts  at  20c S4 -SO 

1  Helper,  two  12-hr.  shifts  at  17Jc ■»^2() 

2  .\shmen,  two  12-hr.  shifts  at  17Jc »  ^0 

2  Men  unloading  coal  10-hr.  at  17Sc 3.50 

Total S20.90 

.\verage  cost  of  handling  coal  per  ton SO .  02  to  0 .  03 

room,  and  it  is  intended  to  have  otliers,  so  that  each  de- 
jiartment  may  be  credited  with  its  proper  consumption. 

A  Model  Switchboard 
On  the  electrical  end  the  same  plan  has  already  been 
adopted.  There  is  a  meter  for  every  department.  The 
switchboard,  Fig.  9,  is  the  feature  of  the  engine  room 
and  gives  some  indication  of  what  this  part  of  the  power 
plant  will  be  when  completely  remodeled.  Both  the  board 
and  the  instruments  have  been  painted  black,  and  with 
bright  metal  trimmings  the  appearance  is  neat  and  at- 
tractive. There  is  a  full  assortment  of  Westinghouse 
instrmnents.    Midwav  Isetween  the  back  of  the  board  and 


belongs  the  credit  for  the  layout  of  the  new  power  plant 
and  for  many  labor-saving  devices  in  manufacturing  the 
different  products. 


LaBiffiBil51©5r' 


A  device  known  as  the  Schreiber  boiler  skimmer,  for 
removing  scum,  in  steam  boilers,  is  illustrated  herewith. 
It  can  be  placed  in  any  type  of  boiler. 

As  shown,  the  skimmer  consists  of  two  copper  seamless 
floats,  around  which,  just  above  the  center  line,  is  a  hol- 
low band  slotted  on  the  outside.  There  are  four  copper 
discharge  pipes  secured  to  the  upper  side  of  the  band  at 
one  end  and  to  the  main  discharge  pipe  at  the  other.  The 
main  discliarge  pipe  is  flexible  copper  tubing,  which  al- 


SCHEEIBEK  BOILKR  SkiMMER 


No.      Equipment 

4  Boilers 

4  Stokers 

2  Stacks 

1  Bunker 

1  Conveyor  system 
4  Ash  hoppers 

1  .\sh  cars 

1  Crane 

1  Feed  water- 

heater 

4  Scales 

2  Pumps 

4  Pumps 

1  Pump 

1  Pump 

1  Pump 

1  Engine 

.   1  Turbine 

1  Engine 

1  Rope  drive 

1  Generator 

1  Generator 

1  Generator 

1  Generator 

1  Generator 

1   Motor..  -  . 


TABLE  3.     PRINCIPAL  EQUIPMENT  OF  STALEY  POWER    PLANT.    DECATUR, 
Kind                              Size                                Use                                          Operating  Conditions 
Water-tube 550  hp Steam  generators.  .    150  lb.  gage,  mechanical  stokers 

.,  over  fire  6.4  to  0.6  in. 


Chain  grate 100  sq.ft Boiler  furnace Mechanical . 

Steel,  6-in.  litiing       200x10  ft Furnace  gas Draft  stack  1 . 3  i 

Ferroinclave 800  tons Coal  storage 

Beit 50  tons  per  hr Coal  car  to  bimker  250  ft.  per  min. . 

Reinforced  concrete  Ash  from  boiler  fur- 


Steel  side  tilt Ash  from  hopper  to 

dump 

Locomotive 15  tons Handling  coal  and 

ash -  -  .  .  .    125  lb.  gage 


Open 3000  hp 

Automatic 100  lb.  per  weighing 

Single 12x7x12  in 

Duplex 8x85x12  in 


Coal  for  boilers.  .  . 

Boiler  feed 

Water     mfg.     pur- 


Exhaust  steam 

Weigh  as  coal  is  fed  to  stoke 
150  lb.  steam  pressure 


Duplex 16x10x18. 

Duplex 12x12x24. 

Duplex 14x10x18. 

CorUss 24x42  in.. 

Impulse,  four-stage  1250  kv.a. 


-Alternating  current  550  kv.a. . 
Alternating  current  1250  kv.a 
-Alternating  current  100  kv.a. 
Direct  current, .  30  kw. 

Direct  current...      .    25  kw. , 
Induction 35  hp. 


Boiler  feed 

Mfg.  purposes 

Mfg.  purposes 

Rope  to  alternator 
Direct  connected  to 

alternator 

Belted  to  alternator 
Corliss    engine     to 

alternator 

Main  unit 

Main  unit 

Main  unit 

Exciter 

Exciter 

Driving  exciter. .    . 


150  lb.  steam  pressure 

150  lb.  steam  pressure 

150  lb.  steam  pressure 

150  lb.  steam  pressure 

150  lb.  initial  25  lb.  back  pressure.. 


150  lb.,  sat.  steam,  3600  r.p.m. 
150  Ib.  initial  25  lb.  back  pressu 


14  strands,  1|  in.  rope  1740  ft.  long. . 

Three-phase,  60-cycle,  440  volt 

Three-phase,  60-cycle,  440-volt,  3600  i 

Three-phase,  60-cycle,  440  volt 

Belted  to  100  kv.a.  engine,  123  volt. 

Motor  driven,  125  volt 

440  volt,  860  r.p.m 


Maker 
Edge  Moor  Iron  Co. 
Laclede-Christy  Clay  Prod.  Co. 
Hammler,  Boiler  &  Tank  Co. 
Brown  Hoisting  Machinery  Co. 
Robins  Conveying  Belt  Co. 

Brown  Hoisting  Machinery  Co. 

Brown  Hoisting  Machinery  Co. 

Brown  Hoisting  Machinery  Co. 

Harrison  Safety  Boiler  Works 
Richardson  Scale  Co. 
.American  Steam  Pump  Co. 

Worthington  Steam  Pump  Co. 
Canton  Ilughes  Pump  Co. 
Wilson  Snyder  Mfg.  Co. 
Wilson  Snyder  Mfg.  Co. .  . 
VUter  Mfg.  Co. 


Dodge  Mfg.  Co. 
.Allis-Chalmers  Co. 
Crocker-Wheeler  Co. 
Allis-Chalmers  Co. 
General  Electric  Co. 
AlUs-Chalmers  Co. 
.\Uis-Chalmers  Co. 


the  wall  are  the  hand-operated  oil  switches.  The  operat- 
ing levers  and  the  cables  run  under  the  floor  and  up 
through  pipes  to  the  switches;  the  outgoing  cables  are 
also  run  under  the  floor  to  the  wall  and  are  inclosed  in 
pipes.  Thus  the  space  back  of  the  board  is  unusually 
clear  and,  contrary  to  usual  practice.  ])resents  an  orderly 
appearance, 

An  iniiovation  in  switchboard  lighting  has  been  intro- 
duced. A  row  of  incandescent  footlights,  mounted  in  a 
long  reflector  secured  to  the  railing,  shine  upward  on  the 
instruments,  and  a  similar  row  shine  down  from  a  canopy 
over  the  board.  With  this  arrangement  there  is  no  shadow 
on  the  face  of  the  meters,  and  a  reading  may  be  taken 
accurately  from  any  position. 

To  G.  E.  Chamberlain,  superintendent  of  the  company, 


lows  the  skimmer  to   rise  and  fall   with  the  water  level 
in  the  boiler. 

Owing  to  the  shape  of  the  skimmer,  floating  particles 
are  dra\\'n  into  the  slot  from  all  sides  when  the  blowoft' 
valve  is  opened.  The  outlet  can  be  carried  through  the 
rear  of  the  boiler  or  out  through  the  top,  as  shown  by 
the  dotted  lines.  The  skimmer  is  manufactured  by  the 
Lincoln  Boiler  Cleaner  Co.,  Lincoln.  111. 


The  Total  Mechanical  Poner  In  the  United  States  is  esti- 
mated at  120.000.000  hp.  This  includes  19.400.000  hp.  in 
manufacturing  industries,  7,700,000  in  central  light  and  power 
stations,  about  7,000,000  in  isolated  plants  (exclusive  of  man- 
ufacturing), 3,400,000  in  electric  railways.  50,000,000  in  steam 
locomotives,  4,000.000  in  steamships,  22,500,000  in  automobiles 
and  the  balance  in  miscellaneous  services  such  as  irrigation, 
mines,   etc. 


Jiilv 


11)14 


POWER 


Drm.ft  ajmdl  Draftl 


By  Osbokn  Moxxett 


SYNOPSIS — For  smoTceless  operation  with  coals  of  high 
volatile  content,  induced  or  forced  draft  is  not  as  saiis- 
factorij  as  natural  draft.  Disadvantages  of  underground 
Ireechings  and  how  to  take  draft  readings. 

Induced  Draft 

Thfi'e  is  no  question  but  that  induced-draft  systems 
can  1j£'  so  operated  as  to  produce  smokeless  conditions. 
In  large  plants  where  the  fan  system  is  steam  driven  and 
installed  in  duplicate,  and  where  the  attendance  is  first- 
class,  good  results  can  be  obtained.  An  induced-draft 
system  naturally  goes  with  an  economizer  and  such  a 
combination  is  considered  good  practice.  Economizers 
oil  natural  draft,  however,  are  of  doubtful  value,  par- 
ticularly where  special  brick  settings  are  used  to  prevent 
smoke.  In  siich  cases  the  low  draft  in  the  furnace  is 
liable  to  reduce  the  life  of  the  brickwork  and  interfere 
seriously  with  the  combustion. 

Frequently  an  attempt  is  made  to  increase  the  capacity 
of  a  small  plant,  where  the  stack  is  too  small  or  too 
low,  by  installing  a  motor-driven,  induced-draft  outfit. 
This  means  another  piece  of  equipment  to  get  out  of 
order,  and  with  the  frequent  blowing  of  fuses,  etc.,  the 
plant  generally  makes  as  much  smoke  as  before.  In  the 
end,  the  furnace  brickwork  is  usually  melted  down  for 
lack  of  draft.     Such  makeshifts  should  be  discouraged. 

Induced  draft  for  hand-fired  plants  does  not  work  out 
well  when  the  fan  is  controlled  by  the  steam  pressure. 
Due  to  the  volatile  matter  distilling  off  and  an  insuffi- 
cient supply  of  air,  the  plant  will  invariably  smoke  when 
the  fan  slows  down.  Attempts  have  been  made  to  train 
men  to  fire  when  the  fan  speeds  up  and  to  cease  firing 
before  the  'steam  pressure  slows  down  the  fan,  so  that  at 
periods  of  low  draft  there  will  be  a  bed  of  coked  coal  in 
the  furnace.  Such  attempts  have  been  failures  from  a 
smoke  standpoint ;  it  is  beyond  the  capacity  of  the  aver- 
age fireman  to  be  so  machine-like  in  regularity.  An  in- 
duced-draft outfit,  hand-fired,  might  be  clean  if  the  throt- 
tle of  the  fan  engine  were  brought  down  to  the  firing 
floor  and  manipulated  by  the  fireman  according  to  the 
condition  of  the  fire.  Even  then  it  would  be  difficult 
to  get  a  fireman  who  would  operate  the  plant  satisfactor- 
ily. As  a  nuitter  of  fact,  automatic  draft  control,  do- 
pending  on  the  steam  pressure,  is  almost  certain  to  give 
smoke  trouble  where  coal  of  30  per  cent,  volatile  content 
or  higher  is  used. 

In  the  case  of  mechanical  stokers  with  induced  draft, 
the  control,  if  any,  should  be  such  that  the  stoker  engines 
will  slow  down  before  the  induced-draft  fan  and  ricr 
versa;  otherwise,  the  fires  will  smoke.  Induced-draft  fans 
should  always  be  steam  driven.  Motor-driven  fans  fre- 
quently become  overloaded  and  blow  fuses  when  the  ash- 
pit doors  are  closed.  This  causes  the  plant  to  smoke  while 
repairs  are  being  made.  For  smokeless  o])eration  there 
is  nothing  .>o  safe  and  sure  as  natural  draft. 

FoRCKD  Draft 
Forced  draft  has  its  legitimate  field  in  connection  with 
iinilerfeed  stokers  and  for  the  burning  of  anthracite  coal. 
l''or    hand-fired    in-stallations    using    high    volatile    coal 


forced  draft  is  not  conducive  to  smokeless  operation. 
There  is  a  peak  demand  for  air  immediately  after  firing 
to  take  care  of  the  large  amount  of  volatile  matter  being 
distilled  off  at  this  time.  This  air  can  be  supplied  at  the 
right  place  and  at  the  right  time  only  by  admission  over 
the  fire.  With  forced  draft,  while  air  enough  is  .supplied 
to  take  care  of  the  fixed  carbon  in  the  fuel,  air  cannot 
be  admitted  over  the  fire  in  sufficient  quantity  to  burn 
the  volatile  matter,  the  tcndencv  being  to  blow  the  gases 


Draft  Gage  axd  (^oxxections 

out  into  the  boiler  room.  For  these  reasons  the  forced- 
draft,  hand-fired  installalion  using  high-volatile  coals  is 
usually  a  smoky  plant. 

Four-Pass  Boilers  a.nd  Uxdergrouxd  Breechings 
Either  of  these  arrangements  call  for  extra  investment 
in  stack  to  overcome  the  greater  resistance  of  the  setting, 
and  it  is  doubtful  if  any  net  gain  results.  The  under- 
ground breeching  has  disadvantages  peculiar  to  itself.  It 
is  out  of  sight  and  out  of  mind,  and  always  imposes  more 
work  on  the  stack.  It  is  difficult  to  clean  without  shut- 
ting down  the  plant,  and  unless  the  construction  is  ex- 
ceptionally thorough  it  frequently  fills  up  with  water. 

As  usually  arranged,  the  fourth  pass  has  not  even  the 
excuse  of  affording  the  gases  contact  with  the  heating 
surface  and  conse(iuently  should  be  avoided.  In  like  man- 
ner, passing  the  gases  over  the  top  of  the  shell  in  hori- 
zontal return-tubular  boilers  is  ill  advised,  when  con- 
sidered from  the  overall  standpoint.  With  natural  draft 
such  settings  are  more  than  liable  to  cause  smoke  if  ca- 
pacities much  over  the  boiler  maker's  rating  are  at- 
tem])ted.  If  they  have  any  legitimate  field  at  all,  if  is 
in  connection  with  well  designed,  induced-draft  installa- 
tions, or  with  underfeed  stokers. 

Taking  Dhaft  IjKADixcis 

In  taking  draft  readings  on  boiler  plants  the  old  F- 
U\\>v  should  be  discarded  as  it  is  not  accurate.     A  dif- 
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ferential-draft  gage  should  be  used,  graduated  in  hun- 
dredths of  an  inch.  The  draft  over  the  fire  should  be 
taken  when  the  fires  are  clean  and  bright  shortly  after 
thej'  have  been  charged  with  coal,  and  while  the  load  is 
nonnal.  A  fictitious  reading  may  be  obtained  where  tlie 
draft  is  poor  fi-om  crowding  the  furnace  with  a  heavy 
fire. 

In   taking   the   drop   through   a   run   of   breeching  or 


through  a  boiler  setting,  two  connections  should  be  made 
to  the  draft  gage,  as  indicated  in  the  illustration.  The 
gage  then  gives  an  instantaneous  reading  between  the 
two  points  and  the  result  is  moi'e  reliable  than  a  direct 
reading  at  each  point,  as  conditions  may  change  between 
the  two  readings.  The  illustration  shows  how  a  differ- 
ential reading  is  taken  to  indicate  the  loss  of  draft 
through  a  boiler  setting. 


.apid  Erecttioim  of  a  Larg'©  Blom^iimi 


.imtfiinK 


The  Mar.  24  issue  described  two  900,000-lb.  blow- 
ing engines,  which  were  built  by  the  Mesta  Machine  Co., 
Pittsburgh,  Penn.,  for  the  Woodward  Iron  Co.  As  stated, 
the  high-pressure  steam  cylinders  were  48  in.  in  di- 
ameter and  the  low-pressure  steam  q)-linders  were  84 
in.  in  diameter,  with  84-in.  air  cj'linders  and  60-in. 
stroke.  The  first  engine  was  built  in  38  days  and  both 
were  completed  in  59  days.  Probably  this  was  the  world's 
record  in  building  large  engines  and  the  erection  of  the 
same  is  thought  to  be  the  record  for  the  type. 


to  get  from  one  end  to  the  other  of  the  foundation,  a 
distance  of  a  few  yards,  the  crane  had  to  travel  two  miles. 

To  place  the  extra-heavy  pieces,  a  skidway  built  of 
heavy  rails  was  improvised  from  tlie  car  to  the  founda- 
tion. The  heavy  castings  were  then  skidded  into  position 
above  the  foundation  and  lowered  by  jacks. 

To  facilitate  the  erection  of  the  air  lines  to  the  fur- 
nace, the  air  cylinders  and  receivers  were  placed  in  posi- 
tion as  soon  as  possible.  After  this  was  done,  however, 
it  was  impossible  to  use  the  yard-crane  as  before,  because 


Two  Views  of  the  Large  Blowixg  Exgixe  during    Erection  at  the  Plant  of  the  Woodward  Iron  Co., 

Woodward.  Ala. 


On  Tuesday,  Dec.  23,  word  was  sent  that  the  first  en- 
gine was  being  shipped  from  Pittsburgh.  The  Wood- 
ward Iron  Co.,  although  anxious  to  start  its  new  furnace, 
liad  done  nothing  to  prepare  a  foundation,  as  it  was  ex- 
pected that  a  much  longer  time  would  be  required  to 
complete  the  engines ;  consequently,  the  ground  was  cov- 
ered bj'  a  large  cinder  pile.  However,  on  receipt  of  the 
message,  work  on  the  foundation  was  started.  By  the 
following  Monday  evening  it  was  completed  and  the  first 
casting  was  in  position. 

As  no  overhead  cranes  were  available,  it  was  necessary 
to  resort  to  makeshift  methods  in  assembling  the  engines 
speedily.  A  railroad  track  was  laid  alongside  and  at  each 
end  of  the  foundation,  and  a  25-ton  railroad  crane  with 
an  arm  of  40-ft.  radius  procured.  The  crane  was  also 
used  for  various  duties,  including  repairs  about  the  plant, 
so  that  at  times  the  erectors  would  be  deprived  of  its  use 
for  a  whole  day ;  therefore,  they  had  to  utilize  other  meth- 
ods.    As  an  illustration  of  the  difficulties  encountered. 


of  the  interference  with  the  receiver.  An  old  crane  with 
a  useless  boiler  was  then  pressed  into  service  and  con- 
nected to  a  live-steam  line.  A  cable-way  was  strung 
from  this  to  the  other  crane,  at  the  opposite  end  of  the 
foundation;  in  this  way  it  was  possible  to  handle  the 
valves  and  other  engine  parts  without  striking  the  top  of 
the  receivers.  Wlien  the  pistons  were  ready  to  be  placed 
it  was  impossible  to  get  close  enough  to  use  the  cranes. 
The  pistons  were,  therefore,  put  on  blocks  and  rolled  into 
position. 

When  the  first  engine  was  started  the  steam  pressure 
available  was  only  60  lb.  Before  starting  the  second,  how- 
ever, some  of  the  old  engines  were  shixt  down  and  by  fur- 
ther changes  the  steam  pressure  was  raised  to  120  lb.  The 
first  engine,  operating  at  60  r.p.m.,  is  used  for  blowing  a 
new  500-ton  furnace.  Immediately  after  starting,  it  ran 
for  seven  days  continuously  and  then  was  shut  down  a 
couple  of  hours  for  small  adjustments. 

The  foundation   for  the  second   engine   could  not   be 
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started  until  all  the  heavy  parts  of  the  first  engine  had 
been  ereeted,  since  the  tracks  were  laid  over  the  ground 
for  the  foundation. 

Erecting  the  second  engine  was  as  difficult  as  the 
first,  and  it  ran  for  only  six  hours  before  it  was  con- 
nected to  the  furnace. 

The  engines  operated  for  three  weeks  in  the  open  air 
without  shelter,  and  it  rained  several  times;  there  was 
also  a  snowfall  of  3  in.  Once,  the  expansion  Joint  on  the 
exhaust  line  broke,  allowing  the  steam  to  exhaust  directly 
underneath  the  engine,  which  was  enveloped  in  steam  for 
three  days  before  the  leak  could  be  stopped. 

As  the  boiler  house  was  near  the  engines,  cinders  from 
the  ash  heap  were  blown  over  them  from  time  to  time. 
This  was  later  stopped  to  some  extent  by  stretching  can- 
vas in  front  of  the  engines.  As  soon  as  was  expedient, 
a  small  shed  was  erected  to  protect  them  from  the  weather 
until  the  new  power  house  could  be  erected. 


By  Ross  J.  Bumvicu 

A  couple  of  years  ago  it  fell  to  my  lot  to  calculate  and 
jjlot  a  number  of  curves  which  would  show  at  a  glance 
the  water  discharged  by  a  particular  weir  if  the  depth 
of  water  flowing  over  it  were  known.  And  it  was  from 
an  inspection  of  the  tabulated  results  of  this  work  that 
the  idea  of  a  chart  applicable  to  all  weirs  occurred  to  me. 

The  work  was  based  upon  the  Francis  formula, 
3.33  (  L  —  0.2  H)  m 
in  which  L  is  the  measured  width  of  the  weir  in  feet,  // 
is  the  depth  in  feet  of  the  water  flowing  over  the  weir, 
and  the  resulting  quantity  is  in  cubic  feet  per  second  or 
"second-feet."  Multiplying  second-feet  by  448.8  gives 
the  equivalent  in  gallons  per  minute.  For  small  weirs 
this  is  a  common  unit.  Francis'  formula  is  ordinarily 
used  where  the  weir  has  full  end  contractions — that  is, 
where  all  the  discharge  edges  are  sharp. 

Considering  now  the  factor  in  the  parenthesis,  when  L 
and  H  are  both  equal  to  1  ft.,  its  numerical  value  is  0.8. 
Consequently,  if  the  weir  measures  2  ft.,  the  stream  will 
measure  1.8  ft.:  3  ft.  wide,  2.8,  and  so  on  for  a  depth  of 
flow  of  1  ft. 

The  relation  between  the  depth  and  the  corrected  width 
for  a  weir  1  ft.  wide  may  be  shown  graphically  by  a 
straight  line  upon  a  chart  where  the  depths  are  marked 
to  scale  on  a  line  from  the  bottom  to  the  top  of  the  chart 
and  tlie  corrected  widths  are  laid  off  to  scale  from  left 
to  right  at  the  bottom  of  the  chart.  The  straight  line 
through  the  two  points,  H  =  0,  L  ^  I  and  II  =  1,  L  = 
0.8,  will  show  the  net  effective  width  for  any  deptli  of 
flow. 

Now  the  remaining  factors  in  the  formula  niay  also 
be  pIott(;d,  using  the  de])th  scale  already  laid  off',  showing 
graphically  the  number  of  gallons  per  minute  discharged 
per  foot  of  weir  width.  In  any  weir  there  is  only  1  ft. 
ol'  its  whole  width  which  is  in  any  way  affected  by  the 
contraction  produced  by  the  flow  past  its  vertical  sides. 
The  true  or  ofTective  value  of  this  first  foot  may  be  read 
off  the  straight  lino  for  any  depth  desired.  The  remain- 
ing portion  of  the  measured  widtli  not  being  affected  by 
the  end  contraction  must  l)e  added  to  the  effective  value 


of  the  first  foot  to  get  the  net  effective  width  of  the  weir. 
That  part  of  the  formula  outside  the  parenthesis, 

448.8  X  3.33  77= 
is  but  an  expression  for  the  quantity  of  water  in  gallons 
per   minute  discharged  over  each   lineal   foot  of  width. 

Net  Width  for  a  \l  Inch  Weir 
0.80  0.8Z  OM  046  0.88  090  031  0.94  0.96  0.92  1.0 
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Select  a  convenient  gallon  scale  and  for  a  series  of  depths 
compute  the  numerical  values  of  the  above  expression 
and  plot  the  corresponding  curve  upon  the  chart. 

It  is  now  possible  to  get  the  discharge  over  any  weir. 
For  a  depth  of,  say,  6  in.,  read  the  effective  width  of  the 
first  foot  off  the  chart  as  0.9  ft. ;  following  this  6-in.  line  . 
to  its  intersection  with  the  gallon  curve,  read  530  gal. 
per  min.  per  ft.  of  effective  width.  If  the  weir  is  4  ft. 
wide,  then  the  effective  width  mu.st  be  3.9  ft.  and  the 
discharge  over  the  weir  must  be 

3.9  X  530  =  20(37  gal.  per  min. 

Thus  by  simple   multiplication    the   discharge   over  a 
weir  of  any  width  is  readily  dcterniiiu'il. 

'.*: 
Appnlachian  Oil  Pruiluction  in  l«i:! — During  1913  the  Ap- 
palachian oil  ficUl.  cmbracine'  New  Yorl{.  Pennsylvania,  We.st 
Virginia,  southeastern  Ohio,  an<l  Kentucky,  showed  a  slight 
decline — 1.72  per  cent. — in  the  production  of  petroleum,  fall- 
ing from  26,338,51(5  barrels  in  1912  to  2ri,88.'),640  barrels  in 
1913 — a  decrease  of  4.52,876  barrels.  The  value,  amounting  to 
$63,619,677  in  1913,  was,  on  the  contrary,  increased  by  48.58 
per  cent.,  about  the  same  proportii)n.al  increase  as  was  shown 
in  1912  over  the  previous  year.  The  figures  for  each  dis- 
trict were  as  follows: 

State  1912  1913 

New   York    S74,12S  902,211 

Pennsylvania    7,837,948  7,927,137 

West   Virginia    12,128.962  11,567,299 

Southeastern    Ohio    5,013,110  4.964,425 

Kentucky    484.368  524.568 

Total    26,338,516  25,885,640 
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By  F.  G.  (iAsciiE* 


SYNOPSIS — .-i  Diatliematical  awjlt/sis  of  the  stresses 
prevailing  at  the  flange  fillet  of  corivex  heads.  The  con- 
clusion is  reached  that  the  radius  at  this  point  should  he 
as  small  as  possible,  although  .<^harp  corners  must  be 
avoided. 

'^. 
Recent  communications  concerning  boiler  explosions} 
have  indicated  sufficient  reasons  for  a  critical  examination 
of  the  formulas  by  which  the  important  elements  of  boiler 
and  tank  construction  are  usually  estimated.  As  pointed 
out  by  T.  T.  Parker  (Jan.  13  issue),  there  is  a  serious 
omission  of  the  efficiency  of  rivet  Joints  from  the  formula 
for  convex  heads.  ]iarticularly  those  that  have  to  be  ap- 


fange.  So  frequently  has  this  been  the  region  of  plate 
fracture  that  it  was  thought  advisable  to  examine  the 
nature  of  stresses  at  this  point  with  the  hope  that  more 
suitable  formulas  may  be  evolved.  For  this  purpose 
the  following  notation   will  be  emjjloyed: 

p  =  Hydfostatic  pressure,  lb.  per  sq.in. ; 

•s'  =  Tensile  stress  in  a  spherical  shell,  lb.  per  sq.in. ; 

ij  =  Maximum  fiber  stress  at  surface  of  plate  due  to 
stress  couple,  lb.  per  sq.in. ; 

s  =  s'  -\-  i'l  =  Maximum  tensile  stress,  lb.  per  sq.in.; 

U  =  Ultimate  tensile  strength  of  the  plate,  lb.  per 
sq.in. ; 

P  =  Vertical  comjionent  of  hydrostatic  pressure  on 


plied  to  tanks  of  large  dimensions.  Where  a  head  can  be 
flanged  from  a  single  plate,  the  element  of  safety  is 
thought  to  be  satisfied  by  the  insertion  in  the  formulas  of 
the  usual  factor  of  safety,  on  the  supposition  that  there 
can  be  no  question  concerning  the  actual  stresses  existing 
m  any  part  of  the  plate.  Xotwithstanding  these  calcula- 
tions and  the  use  of  plates  of  greater  thickness  than  the 
rules  would  specify,  we  occasionally  learn  of  the  failure 
of  large  convex  heads.  Unfortunately,  the  examination 
of  such  fractured  boiler  elements  frequently  reveals  cor- 
rosion, crystalline  structure,  overheating,  or  initial  cracks 
— any  one  of  which  is  reprehensible,  but  nevertheless 
tliought  sufficient  to  explain  the  primary  cause  of  failure, 
and  quite  apart  from  the  question  of  the  weakening  ef- 
fect of  rivet  joints. 

It  will  be  observed  that  a  great  many  of  the  failures 
of  convex  heads  have  been  at  or  near  the  crown  of  the 
flange  fillet  between  the  spherical  shell  and  the  cylindrical 


•Mechanical    engineer,   lUinois    Steel    Co. 
tSee  "rower,"  Jan.   13  and  M.iy   19,   1914. 


the  particular  surface  element  shown  in  Fig. 
2,1b.; 

E  =  Resultant   of   hydrostatic   pressure  on  element 
A  BCD  A  in  Fig.  3,  lb.; 

T  =  Resultant  of  all  stresses  *  on  the  unit  area  a  t 
of  section  CD,  Fig.  3,  lb. ; 

S  =  Resultant  of  all  stresses  on  element  a  t  of  sec- 
tion AB,  Fig.  3,  lb. ; 

Q  =  Reaction  on  element  CPEFC  in-  a  rigid  cylin- 
drical drum,  11). ; 
t  =  Thickness  of  plate  in  convex  head,  in. ; 

a  =  Width  of  small  radial  element  shown  in  Fig.  2, 
in. ; 

r=  Internal  radius  of  spherical  head,  in,; 

r^  =  Internal  fillet  radius   of  the   flange  extension, 
in,; 

a  =  Angle  of  fillet  portion  of  flange  extension,  deg, ; 

F  =  Factor  of  safety ; 

E  =  Efficiency  of  rivet  joints ; 
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=  Lever  arm  of  force  /?  about  the  center  0'  in 

Fig.  3,  in. ; 
=  Lever  arm  of  force  R  about  the  center  of  0'  in 

Fig.  3,  in. : 

Moment    of    inertia,      — ,      of   exposed    rect- 
angular section  of  plate  about  a  gravity  axis. 
The  stress  in  a  spherical  shell  is  given  by  the  following 
simple  formula  as  developed  in  mechanics: 

''  -  'it  <" 

If  there  are  rivet  seams  on  the  surface  of  the  spherical 
shell  then  a  safe  thickness  would  be  derived  from  the 
formula, 

'  -  S5  "»> 

where  F  is  the  factor  of  safety  and  E  is  the  efficiency  of 
rivet  joints.  The  stress  s'  is  a  simple  tensile  stress  in  any 
tangential  direction  at  any  point  of  a  thin  spherical  shell, 
and  it  remains  constant  for  given  values  of  the  radius  r 
and  the  internal  pressure  p. 

This  is  true  for  the  boundaries  .1/  and  W ,  Fig.  1,  of  a 
spherical  disk  formed  by  the  intersection  of  the  shell  by 
.1  cone  having  its  vertex  at  the  center  of  the  sphere.  At 
such  boundaries  may  be  joined  other  extensions  of  the 
plate  which  do  not  lie  in  the  spherical  surface  and  yet 
are  surfaces  of  revolution.  Such  surfaces  form  the  con- 
nection to  cylindrical  drums  and  are  subject  to  stresses 
additional  to  those  of  formula  { 1)  in  accordance  with  the 
local  form  and  dimensions  of  the  plate. 

A  small  portion,  CDEFC,  of  a  radial  element  of  the 
plate  is  shown  in  section  and  side  view  in  Fig.  2.  The 
width  of  the  element  is  supposed  to  l>e  a  small  quantity 
a  such  that  the  sides  are  parallel;  the  thickness  is  i,  mak- 
ing no  allowance  for  change  of  thickness  due  to  flanging 
operations.  The  element  is  subject  to  forces  T  and  S 
perpendicular  to  the  imaginary  end  sections,  to  a  restrain- 
ing force  Q,  due  to  the  cylindrical  drum,  and  to  the 
hydrostatic  (normal)  pressure  p.  There  are  other  forces 
normal  to  the  sides  of  the  element  which  occur  in  pairs 
and  are  directly  opposed  to  each  other,  as  shown  in  the 
end  view.  Fig.  2.  These  forces  do  net  enter  the  equations 
for  equilibrium  of  the  element. 

Taking  moments  aliout  the  point  0,  Fig.  2,  through 
which  tlie  lines  of  action  of  all  forces  /;  and  Q  will  pass. 
we  find 

S  =  T  (2) 

'I'lie  resultant  in  a  vertical  direction  of  all  the  hydro- 
static pressures  on  the  flange-fillet  section  is 

I'  =  p  n  i\  sill  a  (3) 

'I'lio  sum  of  all  the  vertical  forces  on  the  element  is 
zero ;  hence 

P  +  Q   -  T  sif,  a  =  0  (4) 

From  consideration  of  foriiiulaR  (1)  and  (2)  there 
are  operating  on  the  end  faces  of  the  clement,  as  areas 

(7  /.  tlu'  total   forces 


S  =  T  =  at.'' 


nrp 


{^ 


and.  substituting  tlie  values  from    t'3)   iuid    (■"))    in  equa- 
tion (4), 


Q  =  'ip  (.^      '•,)  -'« 


ro) 


For  all  practical  cases   r   is  greater  than  i\.    The  force  Q 

is,  therefore,  radial  as  applied  to  the  flange  extension  of 
the  convex  head  and  tends  to  open  the  joint  between  the 
head  and  the  cylindrical  drum  irrespective  of  the  rigidity 
of  the  drum.  For  the  sake  of  simplicity  in  the  analysis 
it  is  necessary  to  assume  a  perfectly  rigid  cylindrical 
drum  as  a  basis  for  establishing  the  numerical  value  of  Q. 
\  yield  of  the  structure  at  the  flange  connections  would 
seriously  complicate  the  stress-strain  relations. 

Experiments  reported  in  Engineering,  to  which  refer- 
ence is  made  in  Power  of  Jan.  13,  1914,  seem  to  indicate 
that  there  is  a  maximum  distortion  and  presumably  maxi- 
mum stress  in  the  head  at  about  tne  middle  of  the  curve 
of  the  flange  fillet  corresponding  to  the  section  AB  of 
Fig.  3.  For  the  present  purpose  it  is  assumed  that  the 
"dangerous  section"  is  located  at  the  plane  AB. 

The  portion  ABCDA,  Fig.  3,  of  the  element  CDEFC  is 
balanced  under  the  following  system  of  forces  taking  0' 
as  the  origin  on  the  neutral  axis  of  the  element. 

1.  A  stress  couple  at  the  section  AB. 

2.  A  uniformly  distributed  sti^ess  due  to  the  force  S. 

3.  Certain  shear  stresses  on  the  plane  AB  having  no 
moment  with  reference  to  0'  and  not  shown  on  the  figure. 

4.  The  external  forces  R,  S  and  7'. 

There  are  no  shear  stresses  on  the  jilane  CD. 
The  resultant  of  the  nornuil  hydrostatic  pressure  /)  on 
the  element  ABCDA  is 


B  =  2  api\  ,«/?« 


(7) 


Its  line  of  action  passes  through  +he  center  0  and  is  in- 
clined to  the  vertical  by  an  angle  ■•/l  a. 

The  lever  arms  of  R  and  T  about  0'  are,  respectively. 


I. 


^2  =     '-1  +i>)^''«4 


'•i  + -,)^ -'■'"< r> 


CI) 


Taking  the  moment   equation  about  0',  with  counter 
clockwise  direction  as  positive. 


+  Tl, 


in,  =  0 


(10) 


Hence,   substituting  the  ecjuivaleiu   values  in    (10)    and 
considering  that 


2  .11  n  - 


we  derive 


6;) 


+ 


1  —  C0.1  - 


(11) 


The  sign  of  the  term  involving  the  trigonometric  func- 
tion is  always  positive  for  such  angles  as  would  a])ply  to 
the  ordinary  dished  heads  and  flanges.  We  may,  there- 
fore, conclude  that  .«i  is  a  tension  at  the  point  .1  and  a 
compression  at  tlie  ])oint  7^  of  section  AB  of  Fig.  3.  The 
fillet  angle  a  cannot  be  less  than  iIO  deg.  for  the  ordinary 
ratio  of  drum  diaineter  to  radius  of  spherical  head 
(unity)    aiul  seldom  exceeds  70  i1eg. 

From  (1)  and  (11),  the  maximum  tensile  stress  ])er 
square    inch    on    the    plate    at    the    section    .17?    is    (V"! 

«-'+^,=;'[;/+;'('•,+l)(^-'•.)0--^;; 
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When  the  internal  radius  r  o'l  the  spherical  head  is 

equal  to  the  inside  diameter  of  the  cylindrical  drum,  the 

relation  hetween  r,  i\  and  a  are  as  shown  in  Fig.  4,  where 

r  sin  (90°  —  a)  —  i\  sin  (90°  —  a)  +  i\  =  i/o  ''   (13) 

giving 

cos  a  =  ^!'~  !'^  (14) 


Numerical  Example — All  Dtmexsions  Assumed 
r  =  90  in. ; 
r^  =  1.5  in. ; 
<  =  0.75  in.; 
p  =  160  lb.  per  sq.in. 
Prom  (14), 


45 


90 


1.5  _  43^ 
1.5  "  8875 


=  0.4915  =  cos  60°  33' 


Then 


60°  33',  -  =  30°  16i',  and  cos^  =  0.8636 


From   (1), 

,  _  90  X  160 
*    ~2  X0.75 


=  9600  lb.  per  sg.tn.; 


Fig.  6. 


Fig. 


Fig.  6.  Proposed  Flange  Connections  for  Large  Drums. 
Convex  Heads  and  Moderate  Pressures.  Fig.  7.  Proposed 
Flange  Connections  for  Large  Drums  and  Convex  Heads  with 
High  Steam   Pressures. 


From  (11), 

6  X  100 


(1.5  +  0.375)(45  —  1.5)(1  —  0.8636); 
X    43.-5    X    0.1364   =    19,000 


1        0.56-45 
=  1707    X    1 

lb.  per  sq.in. ; 
s  =  s'  +  .s'l  =  28,600  lb.  jDer  sq.in. 

This  is  the  maximum  tensile  fiber  stress  at  the  exterior 
of  the  flange  fillet. 

If  by  such  calculations  the  value  of  s  is  found  to  exceed 
the  elastic  limit  of  the  material  forming  the  head,  then 
a  set  will  be  produced  in  the  plate,  leading  to  a  new  and 
smaller  radius  r^  and  angle  a  of  the  fillet  portion.  The  set 
which  the  plate  may  receive  by  these  stresses  permits 
of  some  deformation  of  a  portion  of  the  spherical  shell 
which  assumes  a  new  and  smaller  radius  r,  thus  causing 
a  new  and  more  favorable  value  of  the  stress  s-^,  both 
in  magnitude  and  direction,  and  a  decrease  in  demands 
for  support  on  the  part  of  the  material  in  the  flange 
fillet. 

The  investigation  is  now  sufficient,  within  the  limits  of 
the  premises  upon  which  it  is  based,  to  indicate  that  the 
support  of  very  large  spherical  heads  at  their  edges  should 
not  depend  on  flange  fillets  of  large  radius.     On  the  con- 


trary tlic  fil'ct  radius  i\  should  be  as  small  as  the  cir- 
cumstances of  the  manufacture  of  convex  heads  will  per- 
mit, even  for  moderate  sizes  of  boiler  drums.  This  is  a 
necessary  elaboration  of  the  simple  requirement  that 
circular  rivet  seams  at  the  ends  of  cylindrical  drums 
should  be  as  near  to  the  tangents  of  the  spherical  shell 
at  that  region  as  it  is  structurally  possible  to  place  them. 
For  small  drums.  Fig.  5  shows  what  form  is  desirable 
from  the  consideration  of  strength  of  the  head,  though  it 
must  be  understood  that  sharp  corners  of  flanged  plates 
■  are  not  to  be  tolerated.  Fig.  6  is  a  suggestion  of  the 
manner  of  attaching  spherical  heads  to  drums  of  large 
diameter  as  applied  to  large  tank.s  and  relatively  small 
internal  pressures.  Fig.  7  is  a  suggestion  for  large  drums 
intended   for  high  steam   pressures. 

Formula  (11)  is  proposed  for  the  general  conditions 
involving  accidental  values  of  /),  /■,  ,-,,  t  and  a.  For  rea- 
sons mentioned  above  we  cannot  expect  much  variation  of 
the  fillet  angle  a,  and  for  the  purpose  of  an  empirical 
formula  it  will  be  assumed  as  60'^^  deg.     The  value  of 


(l  -  cos  fj 


then  becomes  0.1 3(1.     We  will  also  for  the 


same  purposes  assume  that  the  internal  radius  r^  of  the 
fillet  is  twice  the  thickness  t  of  the  plate.  Formulas  (11) 
and  (12)  then  become,  respectively. 


'■-T 


4.08  jo 


1.02  p{  J—  4 


(15) 


and 


=  *•'  -I-  s,  =  1.52 


o  rp 


1.52p{    —2.&S 


(16) 

The  values  of  the  quantity  4.08  p  are  relatively  small 

as  compared  with  the  values  of  the  quantities  1.02  -~^  and 

>'p 
1.52  — and,  therefore,  can  be  dropjied  from  the  empirical 

equations,    thus    giving    somewhat    hirger    values    of    the 
stresses,  as  follows: 


=  l.<r>'l^ 


and 


s  =  s'  +  s^  =  1.5 


=  1  ^-^Zl 


t 


(15a) 


(16a) 


The  maximum  -mfe  allowable  stress  is  of  particular 
importance  in  determining  proper  values  for  the  construc- 
tion of  dished  heads.  Such  values  are  obtained  by  con- 
sidering a  factor  of  safety  F  and  the  efBciency  of  rivet 
joints  E  in  connection  with  the  ultimate  strength  U  of 
the  plate.  Then  we  have  from  (16a)  for  the  safe  al- 
lowable stress  .s, 

.'  +  .,=..  =  1.52''/^  =  ^  (17) 


F 


and 


t  =  1.5 


_^rpF 
"  UE 


(18) 


In  using  formulas  (11)  and  (IS)  it  must  be  clearly 
understood  that  they  are  entirely  empirical  and  are  based 
on  a  fillet  radius  of  twice  the  thickness  of  the  plate,  and 
require  the  specification  of  the  various  quantities  in  the 
following  terms : 
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s'  =  Tensile  stress  in  pounds  per  square  inch,  due 
to  internal  hydrostatic  pressure  on  the  spheri- 
cal portion  of   the  convex  head; 
Sj  =  Maximum    iiber   stress    in    pounds    per   square 
inch,  due  to  the  hydrostatic  pressure  causing 
a  bending  action  in  the  plate  at  the  crown  of 
the  flange  fillet; 
s  =  Maximum  tensile  stress  in  pounds  per  square 
inch  at  the  crown  or  outer  fiber  of  the  flange 
fillet; 
p  =  Hydrostatic  pressure  of  steam,  water  or  gas  in 
pounds  per  square  inch  of  the  internal  surface ; 
•/■  ^  Internal  radius  in  inches  of  spherical  jjortion  of 
dished  head   (taken  equal  to  inside  diameter 
of  cylindrical  drum)  ; 
t  =  Thickness  in  inches  of  plate  forming  the  convex 
head  at  the  fillet. 

Comparison  of  Calculations  for  Convex  Boiler 
Heads  Based  on  Various  Rules 

These  are  based  on  the  assumption  that  the  diameter  of 
the  cylindrical  drum  is  equal  to  the  radius  of  the  con- 
vex head.  The  formulas  are  reduced  to  the  consideration 
of  a  convex  head  without  rivet  Joints  on  its  surface,  using 
a  factor  of  safety  of  5  and  a  tenpiie  strength  of  55,000 
lb.  per  sq.in. 


Massacliusetts,  Ohio  and  U.  S.  Govermnent 


_rpF 
*  -  2  f/  ' 


P  = 


2tU 


T.  T.  Parker 


^       8.33  rp 


F.  G.  Gasche 


f  =  1.53 


rpF 


rF 

(I) 

8.33  r 

(II) 

W 
1.52  vF 

(III) 

Case  1.  Diameter  of  drum  48  in.,  thickness  of  head 
0.75  in.    To  find  tlie  allowable  pressure. 

By  formula       (I),  p  =   344  lb. 

By  formula     (II),  p  =   206  lb. 

By  formula   (III),  p  =   113  lb. 

Case  2.  Diameter  of  drum  90  in. ;  thickness  of  head 
0.75  in.    To  find  the  allowable  pressure. 

By  formula       (I),  p  =   183  lb. 

By  formula     (II),  p  =   110  lb. 

By  formula  (III),  p  =     60  lb. 

Case  3.  Diameter  of  drum  42  in.;  pressure  200  lb. 
per  sq.in.  to  find  the  thickness. 

By  formula        (I),  /   =   0.382 

By  formula     (II),  t  =   0.636 

By  formula   (III),  t  =   1.162 


oluiEa 


tor  for  Air 


mapressors 


A  new  volume  regulator,  which  can  be  applied  to  air 
compressors  to  control  the  amount  of  intake  air  and  re- 
duce the  power  required  to  operate  the  compressor  in 
about  the  same  proportion,  is  manufactured  by  the  Hall 
Steam  Pump  Co.,  201  Galveston  Ave.,  Pittsburgh,  Penn. 
By  its  use,  the  amount  of  intake  air  can  be  regulated  to 
correspond  to  the  compressed  air  consiuned  at  any  time, 
thereby  keeping  the  receiver  pressure  constant,  and  any 
desired  constant  volume  within  the  capacity  of  the  com- 
pressor can  be  delivered.  It  can  be  applied  to  any  kind 
of  air  compressor  with  automatic  inlet  or  outlet  valves, 
or  both. 

The  feature  of  this  regulator  is  that,  in  case  the  auto- 
matic suction  valves  are  used  for  regulation,  they  are 
kept  open  l)y  force  during  a  part  only  of  each  discharge 
stroke  and  close  as  soon  as  the  intake  air  remaining  in 
the  cylinder  has  decreased,  so  as  to  correspond  to  the  com- 
jircssed  air  desired  at  the  time. 

If  the  automatic  discharge  valves  are  used  for  regula- 
tion, they  remain  forced  open  during  a  part  only  of  the 
following  suction  stroke,  and  close  as  soon  as  the  com- 
pressed air  returned  into  the  pump  cylinder  is  so  great 
that,  after  expansion  to  the  intake  pressure,  it  will  leave 
sufficient  room  for  the  entire  quantity  of  compressed  air 
to  enter  the  cylinder  during  the  last  part  of  the  suction 
stroke. 

Closing  the  automatic  valve  at  an  adjustable  point  dur- 
ing the  return  flow  of  the  air  is  efTccted  in  a  /'raihial 
regulation  of  the  force  holding  the  valve  open  against 
the  pressure  exerted  by  the  spring.  The  return  flow  of 
the  air  through  the  valves  produces  a  pressure  tending 


to  close  them,  which  will  constantly  increase  until  the 
piston  has  reached  the  end  of  its  stroke,  or  very  nearly 
so.  The  valve  will  close  at  the  point  where  this  pressure, 
supported  by  the  pressure  of  the  valve  spring,  balances 
or  overcomes  tlie  force  applied  for  the  purpose  of  regula- 
tion. 

Fig.  1  shows  the  application  of  the  regulator  to  an 
ordinary  poppet-valve  air  compressor  and  acting  upon  a 
suction  valve  to  keep  the  receiver  pressure  constant.  The 
main  ])iston  works  in  a  power-driven  compressor  cylinder. 
The  suction  valves  have  springs  which  tend  to  close  them-, 
and  pistons  which  are  acted  upon  by  the  air  pressure  in 
their  cylinders.  These  cylinders  are  connected  by  a  pipe 
to  the  auxiliary  tank.  The  latter  communicates  with  the 
atmos])here  through  a  leak,  and  with  the  main  reservoir 
through  the  opening,  which  is  closed  by  the  autonuitic 
needle  valve  as  soon  as  the  force  of  the  adjustable  spring 
above  it  overcomes  the  air  ])rcssure  of  the  reservoir,  act- 
ing on  the  bottom  of  the  needle-valve  piston. 

An  adjustable  hand  needle  valve  can  be  arranged  to 
obtain  a  constant  leak  from  the  main  to  the  auxiliary 
reservoir,  thereby  preventing  the  pressure  in  the  latter 
from  decreasing  below  a  certain  value. 

AMien  the  compressor  is  working  at  a  constant  partial 
load,  the  automatic  needle  valve  will  allow  some  air  to 
enter  the  auxiliary  tank  through  the  valve  opening,  and 
the  same  quantify  of  air  will  escape  through  the  leak  to 
the  atmosphere,  thus  keeping  the  pressure  in  the  reservoir 
and  the  pressure  acting  on  the  piston  in  the  main  cylinder 
constant.  The  suction  valve  will  close  at  sudi  a  point 
of  the  discharge  stroke  as  to  comj)ress  exactly  the  quan- 
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titv  of  air  consumed,  the  pressure  in  the  storage  tank 
remaining  at  constant. 

An  increase  or  decrease  in  the  consumption  of  air  will 
cause  a  slight  momentary  decrease  or  increase  of  the  pres- 
sure in  the  main  tank  and  the  air  entering  the  auxiliary 
reservoir  through  the  needle  valve  will  decrease  or  in- 
crease. This  so  changes  the  pressure  in  the  reservoir  and 
the  cutoff  of  the  suction  valve  as  to  increase  or  decrease 
the  intake  air  until  new  conditions  of  equal  supply  and 
consumption  of  compressed  air  are  established  at  the 
same  pressure  as  before. 

For  a  certain  pressure  in  the  auxiliary  tank,  the  air 
compressor  will  \TOrk  at  its  maximum  capacity.  The  ob- 
ject of  the  adjustable  needle  valve  is  to  admit  constantly 
so  much  air  to  the  auxiliary  tank  as  to  produce  this  pres- 
sure. If  more  air  be  admitted  through  the  hand  needle 
valve,  the  capacity  of  the  compressor  will  be  reduced  and 
the  volume  of  the  intake  air  will  vary  with  the  consump- 
tion only  as  long  as  the  latter  remains  below  its  reduced 
capacity. 


Owing  to  the  low  pressure  thus  carried  in  the  plungers 
of  the  discharge  '>alves  they  will  be  kept  open  during  part 
of  the  following  stroke,  and  allow  a  certain  amount  of 
compressed  air  to  reenter  the  cylinder  from  the  outlet 
passage  and  expand  in  the  cylinder  to  the  intake  pressure. 
During  the  remaining  part  of  the  suction  stroke,  the  fresh 
air  drawn  into  the  cylinder  will  correspond  exactly  to  the 
consumption  of  compressed  air  at  the  time,  the  air  in  the 
main  tank  remaining  constant. 

When  the  compressed-air  consumption  is  increased,  a 
slight  momentary  drop  of  pressure  in  the  main  tank  re- 
sults. The  spring  above  the  needle  valve  will  then  over- 
come the  effect  of  the  tank  pressure  on  the  piston  and  it 
will  rise,  thereby  allowing  the  needle  piston  carrying  the 
needle  valve  to  lift  and  a  greater  quantity  of  air  from  the 
tank  will  enter  the  auxiliary  chamber.  The  pressure  in 
the  auxiliary  tank  will  increase,  and  acting  through  the 
discharge-valve  plunger  will  cause  the  discharge  valve 
to  seat  at  an  earlier  point  of  the  suction  stroke.  This  in- 
creases the  volume  of  fresh  air  drawn  into  the  compressor 


Era 


4-i-'   4    -3  ■■^ 

Pressure  in  lb.  per 
sq.  inch  in  auxiliary 
reservoir 


30  lb.  Discharofe- 


FiG.  1.  Applic.\tiox  of  the  Regclatoh 

TO  Poppet-Valve  Air 

Compressor 


Fig.  2.  Application  to  Regulation 
OF  Discharge  Valve  of  Piston- 
Inlet  Type  Compressor 


34-  lb.  Discharge 


Fig.  3.  Indicator  Dia- 
grams FROM  Pressure- 
Regulated  Com- 
pressor 


Fig.  2  shows  the  regulator  applied  to  a  compressor 
having  piston-inlet  type  of  discharge  valves. 

^\^len  the  compressor  is  working  at  a  constant  partial 
load,  the  air  under  pressure  from  the  main  tank  will  enter 
the  chamber  above  the  needle-valve  release  piston,  through 
the  pipe  shown,  and  counteract  the  tendency  of  the  spring 
to  raise  the  piston,  which  will  therefore  bear  upon  its 
extension,  so  carrying  the  needle  valve  against  the  pres- 
sure entering  the  chamber  through  the  pipe  that  the  air 
will  enter  the  auxiliary  reservoir  through  the  passage 
shown  at  the  same  rate  as  it  escapes  through  the  leak. 
This  will  keep  the  pressure  in  the  reservoir  constant, 
which,  through  the  pipe  leading  from  it  and  the  opening 
shown,  acts  upon  the  cylindrical  discharge  valve.  Under 
these  conditions,  the  pressure  in  the  auxiliary  chamber 
will  be  somewhat  less  than  that  in  the  main  tank  and  in 
the  passage  leading  from  the  cylinder  to  that  tank. 


through  the  intake  valve  until  it  equals  the  increased 
consumption  of  compressed  air  taken  from  the  main  tank, 
the  pressure  in  the  tank  being  kept  the  same  as  before. 

In  case  of  a  decreased  consumption,  similar  action  will 
take  place  and  a  new  equilibrium  between  the  supply  and 
the  consumption  will  be  established  after  a  slight  mo- 
mentary increase  of  the  tank  pressure. 

The  unloading  globe  valve  allows  enough  of  the  pres- 
sure air  in  the  auxiliary  tank  to  escape  to  the  atmosphere 
to  load  the  compressor  bv  hand  if  desired.  A  similar 
valve  is  opened  by  means  of  a  speed  regulator,  if  the  speed 
of  the  prime  mover  falls  below  a  certain  value  and  it  is 
desired  to  unload  the  compressor  in  that  case. 

Fig.  3  shows  a  series  of  indicator  diagrams  taken  in  a 
service  test  on  an  ordinary  poppet-valve  air  compressor, 
with  bypass,  equipped  with  the  volume-regulating  de- 
vice. 
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The  Bristol  pneumatic-type  recording  tachometer  has 
been  flovcloped  to  continuously  record  the  sjieed  of  shaft- 
ing and  machinery.  A  special  feature  of  this  tachometer. 
Fig.  1,  is  the  S.")  or  more  feet  of  Hoxiblc  connecting  tube 
between  the  revolviug  mechanism  and  the  recording  in- 
strument, which  mav  be  mounted  in  any  convenient  po- 


V\ii.  1.     Ki:('Oi!DiX(;  Tachojietki! 

sition.  'J'he  iiistruiiieut  is  manufactured  by  the  Bristol 
Co.,  Waterbury,  ("onn. 

The  pneumatic  principle  of  operation  depends  on  the 
centrifugal  action  of  air  in  a  revolving  tnl)e  which  is  con- 
nected to  the  recorder  through  a  s-pecial  oil-seal,  flexible 
connecting  tube.  The  hollow  circular  protecting  ba.'^e 
at  its  upper  surface  is  jjrovided  with  a  bearing  for  a  hol- 
low shaft  D,  Fig.  2,  arranged  to  be  rotated  from  any  de- 
sired mechanism  through  a  set  of  gears  and  pulleys  or 
sprockets.     '^ 

The  pulley  C  is  belted  to  a  similar  pulley  attached  1o 
the  shaft  whose  revolutions  arc  to  be  measured  nnd  re- 
corded. 'J'lie  lower  end  of  (lie  holinv^-  vertical  shaft  D 
terminates  in  a  horizontal  tube;  .1,  open  at  its  extremities. 
The  upper  end  of  the  hollow  shaft  is  surrounded  liy  a 
casing  E,  and  is  partly  filled  witli  oil ;  into  this  extends 
the  free  end  of  a  stationary  tube  joined  at  its  outer  end 
to  a  flexil)l(!  capillary  connecting  tube  G  leading  to  the 
recording  instrument.  'I'he  recorder  used  is  a  special, 
low-range  recording  vacuum  gag(!. 

The  Bristol  electric  tachometer  of  the  alfernating-cur- 
rent  type,  Fig.  3,  is  suited  to  rough  operating  conditions 
in  mills,  power  plants  or  shops.  T^vo  of  its  main  fea- 
tures are  the  induction  magneto  and  the  voltmeter  move- 
ment. The  magneto,  being  ot  the  induction  type,  is 
without  any  sliding  contacts  or  brushes.  'J'he  indicating 
and  recording   instruments   are   voltmeters.     The   indi- 


cating instrument  has  a  Weston  pivot  jewel-bearing  volt- 
meter movement,  and  the  recording  instrument  has  an 
improved  Bristol  voltmeter  movement  designed  with 
enough  power  for  actuating  the  recording  ann  with  the 
pen  in  contact  with  the  chart.  The  movement  is  mounted 
on  frictionless  knife-edge  bearings  and  has  a  new  snp- 


FiG.  2.     Details  of  Kevolving  Mechanism 


Fig.  .3.     P^Li-cn-itrrAi,  TAnroMETER 

porting  device  for  tlie  moving  elements  designed  to  elimi- 
nate temperature  error.  This  recoi'der  can  be  furnished 
for  either  6-,  8-  or  12-in.  cliarts. 

Suitable  lengths  of  leads  can  be  furiiislied  foi-  placing 
either  instrunu>nt  at  desired  points  and  there  are  con- 
nections for  more  than  two  instruments.  A  simple  form 
of  Ibis  tachometer  can  also  be  had  either  with  the  in- 
dicator or  the  recorder  alone. 


ConI  MfninK  In  ludlana — The  first  commercial  coal  mining 
In  Indiana,  arcordinpr  to  E.  W.  Parker,  of  tiie  United  States 
Geological  Survey,  was  done  by  the  American  Cannel  Coal 
Co.,  at  Cannelton,  Perry  County.  In  1837.  The  coal  was  mined 
along  the  Ohio  and  Wabash  rivers.  In  1S40  the  production 
was  9r,S2  tons.  The  record  for  production  was  made  in  1910. 
when  It  was  18,.'!89,815  tons;  the  production  (or  1913  was 
17,165,671    tons. 
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\iainiter«  HoistlEinirf  lEimElinieer 


By  Warrex  0.  Eogers 


SYNOPSIS — We  fnd  a  combination  of  electrical  units 
tvlierehy  either  the  small  direct-current  and  alternating- 
current  unit  could  he  run  as  a  motor  or  generator.  This 
permitted  shutting  down  at  times  either  the  direct-cur- 
rent or  alternating-current  main,  engine-driven  units  and 
still  generate  direct  and  alternating  current.  At  another 
mine  a  combination  haulage  system  was  operated,  using 
a  second-motion  haulage  engine  and  an  electric  locomo- 
tive. 

Cresson,  renii.,  is  at  the  top  of  the  nionntain,  and  is 
accustomed  to  hand  out  all  kinds  of  weather.  Hunter 
and  I  reached  the  town  the  next  forenoon  after  our  un- 
comfortable night  with  bug  exterminators  and  paint.  The 


have  said.  The  direct-current  generator  supplies  the 
mine  day  and  night  when  the  mine  is  working.  In  case 
of  a  shut  down  of  the  mine  the  direct-current  machine 
is  stopped  and  the  alternating-current  generator  is  not 
onl}'  used  for  commercial  circuits,  but  also  to  operate  a 
]00-kw.  altemating-ciirrent  motor,  which  belt-drives  a 
90-hp.  motor  used  as  a  250-volt,  direct-current  gen- 
erator to  suppl_y  electrical  energy  to  the  mine  for  what- 
ever purpose  desired  up  to  the  capacity  of  the  machine. 
"AVhen  the  mine  is  operating,  the  large  direct-current 
generator  is  used,  but  the  90-hp.  motor  which  was  driven 
as  a  direct-current  generator  is  run  as  a  motor  from  the 
large  direct-current  generator  and  drives  the  100-kw. 
alternating-current  motor  as  an  alternating-current  gen- 
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The  Two  Reciprocatixg  Uxits  Belted  to 
Generators 


sun  was  shining,  but  an  overcoat  felt  comfortable,  es- 
pecially when  a  cloud  covered  the  sun  and  a  driving  snow 
squall  would  rage  for  half  to  three-quarters  of  an  hour. 
.We  experienced  several  of  them  that  day. 

Obtaining  permission  at  the  office  of  the  Pennsylvania 
Coal  &  Coke  Co.  to  inspect  the  outside  mine  workings, 
we  first  went  to  Cresson  No.  9  shaft.  Here  we  found  a 
24x42-in.  first-motion  hoisting  engine.  Fig.  1,  with  an 
8xl0-ft.  drum  working  on  a  shaft  530  ft.  deep.  Two 
veins  were  worked,  one  being  at  the  300-ft.  level. 

This  engine  was  housed  in  one  end  of  the  power  plant 
which  consisted  of  one  15  and  25  by  15-in.  tandem-com- 
pound, side-crank  engine,  belt  connected  to  a  200-kw. 
alternating-current,  two-phase,  60-cycle,  2300-volt  gen- 
erator at  900  r.p.m.  This  unit  was  used  to  light  the 
to^vn  of  Cresson. 

"A  central  station  at  the  mines,''  remarked  Hunter  up- 
on being  told  of  the  iise  to  which  the  units  were  put. 

"This  unit,"  said  the  superintendent,  who  was  showing 
more  friendly  attention  than  we  had  any  right  to  expect, 
"Iras  a  20x21-in.  cylinder  and  is  directly  connected  to  a 
200-kw.,  250-volt,  direct-current  unit  for  mine  use. 

"We  have  a  combination  in  those  two  units  and  the 
two  motors  that  is  exceptionally  convenient.  The  al- 
ternating-current machine  lights  the  town  at  night,  as  I 


erator  for  lighting  the  town  and  mine.  Of  course,  these 
machines  are  all  controlled  from  the  switchboard. 

"One  of  the  greatest  difficulties  in  operating  electrical 
units  about  a  mine  is  in  keeping  them  clean,  especially 
if  they  are  of  the  open  type." 

"That's  right,"  agreed  Hunter,  "I  once  saw  a  good- 
sized  direct-current  generator  get  on  tire  in  the  inside 
of  the  armature  winding.  The  engineer,  feeling  a  little 
chesty  had  blown  himself  to  a  cigar  and  was  smoking 
it  while  on  duty.  A  spark  from  the  cigar  was  drawn 
into  the  armature,  which  set  fire  to  the  accumulation  of 
dirt,  and  it  was  not  long  before  the  engineer  found  the 
machine  smoking  like  a  young  volcano.  The  machine 
had  to  be  shut  down  while  the  engineer  was  busy  attempt- 
ing to  kill  the  fire,  and,  fortunately,  was  successful  be- 
fore the  armature  was  damaged." 

"We  have  found,"  resumed  the  superintendent,  "that 
for  our  particular  circumstances  and  conditions  that  it 
is  to  our  interest,  taking  all  things  into  consideration, 
to  purchase  considerable  electrical  energy.  For  that  rea- 
son we  have  several  substations  for  converting  purchased 
high-voltage  alternating  current  into  direct  current  for 
use  in  the  mines." 

After  some  further  talk  we  proceeded  to  one  of  the 
substations,  Figs.  3  and  4,  located  at  the  Gallitzin  No. 
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10  slope.  Here  we  found  a  neat  brick  building  in  which 
was  a  motor-generator  set  on  one  side  of  the  room  and 
the  transformer  for  reducing  the  line  current  down  for 
motor  iise.  The  energy  came  to  the  transformer  at  -ISOO 
volts  and  was  transformed  down  to  2300  volts  to  drive 
the  430-hp.  synchronous  motor  Mhicli  was  directly  con- 
nected to  a  1090-amp.  direct-current  generator  which 
supplied  the  tive  13-ton  electric  locomotives  used  in  the 
main  haulage,  two  3-ton  gathering  locomotives  and  16 
«Iectric  chain  cutting  machines.  Direct  current  is  neces- 
sary in  mine  electric  locomotives  because  alternating- 
current  motors  do  not  satisfy  the  speed  and  space  require- 
ments. That  is  why  rotary  converters  are  used  in  so 
many  mines  taking  high-voltage  alternating  current  and 
transforming  it  down  to  low-voltage  direct  current." 

"Yours  is  not  the  only  mine  that  has  found  the  rotary 
converter  to  be  useful  as  well  as  reliable.  Many  of  the 
larger  mining  companies  have  built  central  power  plants, 
either  steam  or  hydraulic,  at  suitable  points,  and  trans- 
mit the  high-tension  alternating  current  to  the  mine, 
miles  away,  where  it  is  converted  to  direct  current.  Gen- 
erally this  current  is  used  at  either  275  or  600  volts."" 

"What  is  the  reason  the  suljstations  are  always  on  top 


to  our  host  from  the  rear  platform  and  then  went  into 
the  smoking  compartment  to  jjunish  a  couple  of  stogies. 

"I  should  think  there  would  be  danger  of  shock  from 
those  overhead  trolley  wires,"  I  said  as  I  mentally  cal- 
culated the  amount  of  clearance  that  must  have  been 
between  my  head  and  the  wire  in  the  last  mine  we  had 
been  in. 

"There  is,"  said  Hunter,  shifting  one  leg  over  the 
other.  "There  are  three  dangers  from  electricity  in  mines ; 
that  from  shock  of  touching  the  trolley  line  or  other  base 
conductor  or  from  touching  something  that,  through  worn 
insulation,  has  become  charged  with  electricity.  Then 
there  is  the  danger  of  a  spark  setting  off  gas  or  dust, 
which  may  occur  when  a  motor  is  working  under  a  heavy 
load. 

"Wliile  the  sparks  from  a  motor  would  not  be  suffi- 
cient to  ignite  coal  dust  the  flash  from  an  open  circuit 
might,  or  the  flash  from  a  heavy  short-circuit  would  be 
dangerous.  The  danger  from  fire  is  due  to  the  vicinity 
of  inflammable  material  to  a  flashing  motor  or  a  circuit 
wire  grounding.  I  have  been  told  that  certain  sizes  of 
incandescent  lamps  will,  if  l)roken,  ignite  any  surround- 
ing explosive  mixture  of  gas  and  air. 


Kk;,  3.      Moroi;-(ii:M:i;Ai()i;  IMi 

of  the  mine?""  I  asked  as  we  made  our  way  back  to  the 
railroad  station. 

"They  are  not,"  replied  Hunter.  "In  some  of  tlie  large 
mines  it  is  sometimes  advisable  to  locate  the  converters 
underground  near  where  the  converted  current  is  to  be 
used.  Such  a  station  should  be  lined  with  brick,  and 
made  waterproof  on  the  outside.  The  ceiling  should  also 
be  water-tight  so  that  dripping  water  cannot  damage  the 
machine.  The  high-tension  current  is  generally  led  to 
the  underground  substation  by  armored  lead-covered 
cables  through  bore  holes,  which  lessens  the  chances  of 
injury  from  falling  rocks,  etc." 

We  had  ins])ected,  some  weeks  previous,  the  substation 
at  Truesdale  colliery  in  which  was  a  .500-kw.  rotary  con- 
verter taking  current  at  -4000  volts  from  the  power  phinl 
and  sending  it  out  for  direct-current  use  at  27.5  volts.  A 
second  rotary  converter  of  about  one-half  the  capacity 
also  supplied  27.5-volt  current  for  mine  use.  The  alter- 
nating side  of  these  machines  ran  on  six-phase,  OO-cyde 
current  at  -4.50  and  000  r.p.m.  respectively.  The  units 
are  shown  in  Fig.  5. 

Arriving  at  the  railroad  station  we  waved  a  farewell 


"^IG.  4.     High  Ti:\^iii\  Ti;axsi(ii!Mi;ks 

"Electricity  in  coal  mines  has  made  great  strides  in 
recent  years.  According  to  the  Bureau  of  Mines,  in  Penn- 
sylvania, from  1902  to  1911,  the  horsepower  develojxid 
at  anthracite  mines  had  increased  from  354,223  to  671,- 
802.  Most  of  this  increase  was  underground  work, 
pumps,  etc.,  but  the  increase  for  electric  locomotives  was 
from  .53  to  635  in  number.  "N'ou  can  see  that  where  these 
machines  are  used  the  mule  has  had  to  step  to  one  side. 
In  the  anthracite  mines  there  are  said  to  be  more  than 
15,600  mules,  each  worth  about  $250.  something  like 
$3,900,000.  As  the  average  life  of  the  mine  mule  is 
about  five  years,  there  are  $780,000  expended  each  year 
for  mine  mules.  That  rather  knocks  the  mule,  doesn't 
it  ?"" 

"You  mentioned  the  cost  of  the  power  j)hint,  necessary 
for  the  operation  of  either  air  or  electric  locomotives.  T 
should  think  one  large  central  station  of  sufficient  capac- 
ity to  provide  electrical  energy  for  all  of  tlie  mines  con- 
trolled by  one  company  in  any  particular  district  would 
be  a  logical  conclusion.  But  for  all  that  we  have  found 
that  each  colliery  has  a  steam  plant  of  its  own."' 

"Well,  that  used  to  be   the   iilea.  but   in   recent  vears 
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the  operators  have  come  to  see  that  electric  energy  can 
be  transmitted  cheaper  than  'steam  or  compressed  air 
can  be  delivered  through  a  pipe.  There  are  a  number 
(if  coal  companies  generating  all  of  the  power  used  in 
tlicir  several  collieries  in  a  single  station.  You  see  the 
operating  expenses  are  cut  way  down,  for  one  shift  of 
men  in  the  one  power  plant  will  supplant  half  a  dozen 
or  more  shifts  employed  at  the  smaller  plants.  All  coal 
is  distributed  to  the  one  plant,  which,  with  the  refuse,  can 


"Pig.  5.    'Two  Eotaet  Coxvekters  for  Mine  Service 

be  handled  more  cheaply  than  when  distributed  among 
several  plants." 

"Of  course,"  I  said,  "it  is  cheaper  to  keep  large  tur- 
bines or  reciprocating  units  in  proper  shape  than  it  is 
to  keep  a  large  number  of  small  units  in  condition.  I 
suppose  the  saving  would  be  in  excess  of  the  interest 
charges  on  the  additional  investment.    How  about  that?" 

"That  is  right,  and  the  operating  expense  is  further 
reduced  Ijy  the  apparatus  running  condensing  in  most 
cases  of  large  units.  In  these  large  installations  alter- 
nating current  is  generally  used,  but  direct  current  can 
be  generated  to  good  advantage  when  the  distance  of 
transmission  does  not  bring  the  cost  of  the  copper-trans- 
mission wires  to  a  prohibitive  point.  Xow,  electrical  en- 
ergy is  measured  in  watts  which  is  the  product  of  the 
voltage  multiplied  by  the  amperes.  That  is,  if  the  voltage 
is  250  and  a  load  of  1000  amp.  is  carried  by  a  line,  the 
line  would  be  carrying  250,000  watts,  or  250  kw. ;  there 
being  1000  watts  in  a  kilowatt.  If  the  same  amperes 
were  carried,  but  at  a  voltage  of  500,  the  load  on  the  line 
would  be  500  kw.,  or  just  twice  that  at  250  volts.  So 
long  as  the  amperage  remains  the  same,  the  voltage  cau 
be  increased  to  1000,  1500  or  2000,  or  practically  any 
amount  and  the  same  wire  will  carry  it. 

"It  is  usual  to  keep  the  line  drop,  or  the  loss  of  voltage 
due  to  the  resistance  of  the  wire,  within  5  per  cent,  for 
a  long  line,  or  2  or  3  per  cent,  for  a  short  line.  To  carry 
a  given  load  in  kilowatts,  either  the  wire  must  be  large 
enough  or  the  voltage  high  enough  so  that,  in  relation  to 
the  current  (amperes)  carried,  the  wire  capacity  will  be 
sufficient  to  insure  a  low  line  drop. 

"But  you  see  direct-current  motors  are  not  designed  to 
use  voltages  much  above  600,  on  account  of  commutator 
sparking,  and  the  danger  the  exposed  brushes,  etc.,  would 
be  to  w^orkmen.  For  these  reasons  if  voltages  higher 
than  GOO  to  650  volts  are  desired  alternating  current  is 


used,  using  a  motor  generator  or  rotary  converter  to 
change  the  alternating  current  to  direct  current  for  mine 
use." 

Just  then  the  train  drew  in  at  our  station  and  we 
reluctantly  gave  up  our  comfortable  seats  in  the  train 
to  jolt  over  rough  stone  paving  in  a  swaying  bus,  -which 
eumbersomely  made  its  way  to  the  hotel.  After  a  good 
supper  we  agreed  to  visit  a  mine  central  power  plant 
the  next  day  to  see  just  what  kind  of  equipment  was  to 
l)e    fdiind. 


In  a  mit  lock  numufactured  liy  Schum  Brothers, 
JIetro])olitaii  Tower,  Xew  York,  X.  Y.,  the  nut  is 
provided  with  internal  slots.  The  bolt  is  slotted  and 
ill  the  slot  is  a  threaded  segment  backed  up  by  a  heli- 
cal spring.  The  end  of  the  bolt  is  drilled  and  tapped 
for  a  round-head  machine  screw,  which  normally  holds 
the  threads  of  the  segment  in  pitch  with  the  threads  of 
the  bolt.  AVhen  the  nut  is  almost  down  to  its  seat,  the 
machine  screw  in  the  bolt  end  is  slacked  back,  which  per- 
mits the  threaded  segment  to  be  forced  by  the  spring  out 
of  pitch  with  the  threads  of  the  bolt  when  the  next  in- 
ternal slot  in  the  nut  is  in  line  with  the  segment.  To 
remove  the  nut  the  machine  screw  is  tightened  to  force 
the  threaded  segment  again  into  pitch  with  the  threads 
on  the  bolt. — American  2Iachinlsi. 


The  photogra])hs  show  the  result  of  a  hydrostatic  test 
to  destruction  of  a  boiler  built  23  years  ago  which  was 
to  be  used  as  an  open  tank.  It  was  of  the  following  di- 
mensions: The  shell,  (SI  in.  in  diameter,  had  182  fifteen- 
foot  tubes  rolled  in  but  not  beaded.  It  was  of  the  three- 
course,  lap-seam,  double-riveted  construction,  having  i/o- 
in.  shell  and  tube  sheets.  The  ])ressure  was  applied  with 
the  idea  of  showing  the  weakest  part. 


Unsuspected  Flaw  in  a  Sheet 

It  was  expected  that  the  tubes  would  lie  first  to  show 
distress,  but  when  the  pressure  reached  320  lb.  the  lower 
course  next  to  the  ogee  split  as  shown.  The  sheet  bulged 
out  about  3  in.  The  lower  tube  sheet  dished  about  % 
in.,  while  the  upper  remained  perfectly  straight,  and  all 
the  seams  and  tu1)es  were  tight.  It  was  estimated  that 
the  shell  should  withstand  at  least  COO  lb. 
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It  is  surprising  that  the  trade  persistently  demands 
cheap  grate  bars.  One  would  think  that  those  able  to 
appreciate  the  necessity  for  good  material  and  workman- 
ship in  castings  for  high-duty  pumps,  locomotive  cylinders 
and  the  like,  would  see  the  need  for  such  qualities  in 
their  grate  bars.  Nevertheless,  when  the  importance  of 
good  grate  bars  is  urged,  the  usual  response  is :  "Why, 
they're  only  grate  bars!  AYhat's  the  use — the  fire  will 
only  burn  them  up,  anyway."  It  is  the  old  weakness  for 
substituting  "something  just  as  good." 

The  idea  seems  to  be  that  when  a  grate  bar  burns  out, 
any  old  thing  will  do  just  so  it  will  hang  together.  If 
the  fire  is  kept  from  falling  out,  no  attention  need  be  paid 
to  the  reduced  draft  area  and  the  restricted  combustion. 

Rough  appearance  and  absence  of  both  machine  finish 
and  paint  deceive  the  user  into  thinking  that  any  kind 
of  iron  will  do  to  make  a  grate  bar.  A  superfine  quality 
of  foundry  iron  is  not  urged,  though  there  are  many 
places  where  such  material  is  none  too  good.  The  iron 
should  be  sound,  hard,  well  knit  and  homogeneous.  The 
long  sendee  this  kind  of  bar  will  give  amply  repays  the 
extra  cost.  It  is  almost  criminal  to  spoil  a  well  designed 
firing  chamber  by  the  uSe  of  inferior  grate  bars  when  it  is 
so  essential  that  they  be  properly  designed  and  propor- 
tioned. 

The  bulk  of  the  grate-bar  business  is  in  the  hands  of 
the  small  country  foundries,  which  make  them  of  scrap 
agricultural  machinery  castings,  hard  as  flint  and  full 
of  dirt.  The  fact  seems  to  pass  unnoticed  that  the  open- 
ings come  filled  up ;  that  they  soon  crack  and  burn,  and 
that  their  closed  vents  call  for  harder  firing  and  more 
coal. 

Flagrant  disregard  for  economy  in  the  operation  of  the 
plant  causes  us  to  wonder  why,  in  this  age  of  efficiency, 
so  many  men  persist  in  standing  in  their  own  light  in 
the  important  matter  of  grate  bars. 

CoBasuflltaira^   Eini^airaeeirairii^  GripatSs 

KiiowK'ilge  ;md  ability  nvr  not  aiMjuii'(Ml  wilhdul  hard 
work  and  expenditure  of  time  and  money. 

Besides  attending  to  routine  work,  most  engineers, 
whether  consulting  or  operating,  find  it  expedient  to 
specialize  in  certain  brandies  of  the  art.  They  become 
exceptionally  well  informed  in  these  directions,  their 
friends  know  of  it  and  tell  their  friends,  and  soon  a  man's 
reputation  for  a  particular  class  of  work  is  established. 

Unquestionably  tliis  is  good  for  the  num,  but  there  is  a 
constantly  growing  tendency  to  use  such  men  as  "good 
things."  To  a  degree,  this  practice  is  not  oI)jectionaI)le, 
for,  after  all,  there  is  much  truth  in  the  question:  "What 
good  is  a  friend  if  you  cannot  \n^  him."  To  this  should 
he  added  "so  long  as  he  is  not  misused."  If  one  goes  to 
a  doctor  or  a  lawyer  friend  and  seeks  advice,  lie  is  charged 
for  it.  Wiy  not?  Doctors  and  lawyers  do  not  become 
such  solely  for  the  salvation  or  satisfaction  of  their 
friends,  and  neither  do  engineers. 


^Xe  know  many  engineei"s  who,  by  hard  study  and  costly 
experimenting,  have  so  informed  themselves  that  they  ex- 
cel in  certain  directions.  Most  of  them  are  not  con- 
sulting engineers,  but  operating  men,  who  have  large 
plants  under  tlieir  supervision;  who  are  burdened  with 
heavy  responsibilities,  who  must  not  only  direct,  plan  and 
foresee  in  a  general  way  but  must  devote  considerable 
time  and  effort  to  mam'  details,  each  seemingly  insig- 
nificant in  itself  but  the  cumulative  effect  of  which  means 
much. 

These  men  are  busy.  Their  time  is  valuable.  Their 
employers  do  not  pay  them  to  spend  an  hour  giving  Mr. 
Jones  some  information  about  this,  nor  for  having  a 
fifteen-minute  telephone  conversation  answering  Smith's 
question  about  that,  or  for  using  a  stenographer  twenty 
minutes  to  reply  to  a  letter  from  ilr.  Brown,  who  wants 
enlightment  on  "just  this  one  little  point." 

If  there  were  but  one  Jones,  Smith  or  Brown,  it  would 
be  a  pleasure  to  give  the  information  requested,  but  when 
there  are  many,  and  the  total  time  consumed  amounts 
to  hours  each  week,  then  it  is  time  to  call  a  halt. 

This  situation  exists  with  many  men.  They  are  broad, 
willing  fellows,  all  of  them.  They  are  always  glad  ta 
oblige  and  never  wish  to  offend,  but,  when  about  to  use 
their  time  to  enlighten  you  on  "this  one  little  point,"  re- 
member that  there  are  many  "points"  and  many  who 
seek  enlightenment.  You  are  asking  for  professional  ser- 
vice gratis ;  unintentionally,  unknowingly,  misusing  a 
good  man  and  reducing  the  business  of  consulting  engi- 
neering to  mere  panhandling. 


ASM    "" 

In  an  editorial  entitled  "!More  Foolish  Legislation,"  the 
Hotel  World  protests  against  passing  laws  for  examining 
and  licensing  stationary  engineers  to  handle  heating  boil- 
ers.    The  remonstrance  sparkles  with  gems  like  this: 

The  explosion  of  steam-generating  boilers,  notwithstand- 
ing the  millions  of  them  in  use,  is  a  thing  so  rare  that  not- 
withstanding everj'  such  accident  is  reported  in  the  press, 
weeivs  go  by  without  such  a  report  appearing  in  the  prints. 
It  is  true  that  once  in  a  while  a  locomotive  or  other  high- 
pressure  boiler,  carrying  from  50  to  200  pounds  pressure,  ex- 
plodes. But  there  is  far  more  danger  to  humanity  from  falling 
street  signs  than  from  steam  boilers  carrying  from  one  to 
twenty   pounds   of  steam   for   heating   purposes. 

As  the  compilation  of  accidents  to  boilers  in  the  last 
issue  shows,  there  were  over  five  hundred  accidents  last 
year  that  we  heard  of,  and  doubtless  many  more,  so  that 
the  high-pressure  variety  go  off  a  little  more  often  than 
"once  in  a  while,"  and  not  many  "weeks"  went  by  between 
any  two  accidents. 

As  for  the  low-pressure  boilers  being  no  more  danger- 
ous than  "falling  street  signs,"  we  cannot  say.  We  have 
no  statistics  of  the  killed  and  injured  from  falling  street 
signs.  We  can  show,  however,  that  last  winter  there  were 
several  serious  heating-boiler  explosions.  We  specially  com- 
mented on  some  of  them  and  were  so  impressed  with 
the  importance  of  a  contention  the  very  opposite  of  that 
(if  the  Jfolel  World,  that  we  directed  attention  in  our  is- 
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sue  of  May  5,   1914.  to  the  necessity  of  guardincr  life 
-and  property  from  heating-boiler  explosions. 

A  little  later  in  the  Hotel  World's  editorial,  we  eome  to 
the  thing  that  makes  the  legislation  foolish  in  the  edi- 
tor's eyes: 

The  proposed  statute  would  mean  for  a  hotel,  during  at 
least  the  winter  months,  when  steam  heat  is  demanded  night 
and  day  without  interim,  three  licensed  men  for  each  hotel, 
for  men  will  not  and  the  law  will  not  now  permit  men  to  work 
12  hours  in  24.  The  difference  between  a  licensed  man  con- 
trolled by  union  schedules  of  wages  and  common  firemen  is 
the  difference  between  $3  to  $5  per  day  per  man  for  three  men 
and    $25    to    $50    per   month    for    two    men. 

Taking  the  worst  figures  cited,  it  would  cost  a  hotel 
^450  a  month  instead  of  $25  to  $50.  Is  not  that  a  ter- 
rible price  to  pay  for  the  increased  safety  of  its  guests 
during  the  winter?  If  the  journal  we  are  criticizing 
fairly  reflects  the  attitude  of  its  field,  the  editor  of  this 
paper  hopes  to  do  all  his  traveling  in  the  summer,  when 
he  can  stop  at  a  hotel  without  feeling  that  he  is  sleeping 
over  a  gunpowder  mine. 

Finallv,  our  contemporary  knocks  all  the  force  out  of 
its  argument  with  this  closing  sentence : 

No  sane  or  sensible  business  man  objects  to  inspec'ion  or 
supervision,  because  some  plants  should  have  it,  nor  does  he 
object  to  competent  employees,  but  to  compel  an  employer 
to  hire  a  $150  man  to  tal<e  care  of  a  $50  job,  when  the  danger 
is  as  remote  as  it  is  in  the  use  of  low-pressure  boilers,  is  to 
work  a  graft  for  unionism  and,  in  the  last  analysis,  load  an 
unjust  burden  on  hotel  patrons,  for  they  in  one  way  or  an- 
other must  pay  the  freight   in   the   final   equation. 

If  the  hotel  patrons  have  got  to  "pay  the  freight" 
anyhow,  what  is  all  the  kick  about?  Terhaps  they  care 
•enough  for  their  own  safety  to  pay  a  few  cents  more  a  day 
rather  than  take  chances  of  being  blown  through  the 
roof.    Who  knows? 

^. 

Tib®  Vsilts®  of  Tools 

The  repair  item  is  more  important  in  determining  +he 
actual  cost  of  power  turned  out  by  a  plant  than  is  gen- 
erally realized.  It  is  not  merely  the  amount  of  money 
spent  for  repairs  as  shown  by  the  balance  sheet  that  is 
important,  but  what  economies  are  obtained  from  its  ex- 
penditure. If  such  sums  are  spent  judiciously  and  the 
desired  results  achieved,  the  savings  therefrom  accrue 
during  every  day  of  subequent  operation.  Remedying 
each  defect,  regardless  of  size,  as  soon  as  it  is  discovered, 
does  its  share  toward  cutting  the  power  cost. 

Broadly  speaking,  the  money  for  plant  upkeep  is  spent 
in  one  of  two  ways.  One  is  to  give  the  plant  a  thorough 
overhauling  at  definite  intervals;  meantime  no  effort  is 
made  to  do  repair  work.  This  generally  means  dis- 
mantling important  units,  replacing  expensive  parts,  and 
calling  in  outside  workmen,  whose  cost  in  wages  and  in- 
cidental expenses  is  much  greater,  man  for  man,  than 
the  cost  of  the  regular  employees  of  the  plant.  Heavy 
expenditures  for  repairs  coming  in  a  lump  also  naturally 
cause  an  unfavorable  financial  showing  for  the  time  be- 
ing. The  other  method  is  for  the  plant's  operating  force 
to  attack,  instantly  upon  discovery,  with  such  resources 
as  they  possess,  all  defects,  great  or  small.  It  is  a  pleasure 
to  any  engineer  to  work  with  good  tools  and  shape  metal 
into  iisef ul  devices ;  it  is  second  nature  for  him  to  tinker. 
Furnish  him  the  means  and  he  immediately  begins  to 
think  of  ways  to  keep  in  proper  order  and  to  improve 
the  equipment  under  his  charge. 

AMiat  can  be  better  policy  than  to  utilize  this  natural 
desire  for  handling  tools  to  keep  the  plant   equipment 


up  to  maximum  efficiency?  In  every  power  house  there 
is  a  quantity  of  small  apparatus  which  is  constantly 
wearing  out  and  the  neglect  of  which  means  an  unneces- 
sary increase  in  the  cost  of  operation.  Chronic  neglect 
of  this  minor  equipment  eventually  results  in  sending 
for  outside  aid  and  in  heavy  repair  bills,  which  must  be 
paid  in  a  lump.  Constant  attention  to  the  upkeep  of 
these  same  small  details  by  a  plant  force  equipped  and 
instructed  for  the  work  results  in  repair  bills  being  re- 
duced to  the  minimum  and  spread  over  such  a  wide  pe- 
riod of  time  as  not  to  prove  burdensome  financially. 

Some  owners  of  power  plants  hesitate  to  invest  in  a 
few  of  the  simpler  machine  tools  on  the  ground  that  they 
would  be  used  only  occasionally  and  would  not  earn  the 
interest  on  their  cost.  One  thrifty  electric-light  plant 
overcame  this  objection  by  establishing  a  tool  fund,  to 
which  was  credited  such  small  miscellaneous  revenue  as 
was  derived  from  the  sale  of  scrap  metal  and  similar 
sources  not  connected  with  the  company's  regular  busi- 
ness. Whenever  the  amount  in  this  fund  was  sufficient, 
some  useful  machine  tool  was  purchased.  A  blacksmith's 
forge,  drill  press,  emery  wheel,  electric  drill  and  a  small 
engine  lathe  were  eventually  acquired.  Thus  in  a  few 
years  this  company  had  not  only  a  well  maintained, 
smoothly  operating  plant,  but  also  an  auxiliary  repair 
shop,  which  in  itself  was  a  valuable  asset. 

The  effect  on  a  plant's  operating  force  of  putting  tools 
into  their  hands  is  wonderfully  bracing.  With  the  re- 
sponsibility of  the  plant's  maintenance  put  up  to  them, 
latent  energy  and  ambition  are  sure  to  be  awakened.  That 
most  important  element  for  cutting  power  costs,  the  in- 
terest of  the  men  themselves,  is  thus  aroused  and  made 
of  permanent  benefit  to  the  plant. 

A  side  ligiit  on  a  central-station  failure  is  the  following 
newspaper  report  of  the  conditions  at  Meridian,  Miss., 
after  the  explosion  of  a  boiler  at  the  central  power  plant 
supplying  current  to  many  private  consumers  besides  the 
street  lighting  and  traction  system. 

As  a  result  of  the  explosion,  the  city  is  in  darkness,  the 
street  cars  are  standing  on  the  tracks  over  the  city  at  the 
places  where  the  current  went  dead  and  kerosene  lamp  and 
tallow  candle  are  doing  duty  in  the  places  where  there  are 
no  gas  fixtures.  The  elevators  are  standing  still,  and  in 
several  plants  automobile  engines  have  been  installed  to  fur- 
nish power.  Daily  papers  are  being  issued  under  difficulties. 
The  "Star"  got  out  this  afternoon  half  size  by  using  an  auto- 
mobile engine  as  motive  power;  the  "Morning  Dispatch"  has 
had  a  large  gasoline  engine  installed  to  pull  its  press,  and 
motorcycles  will  pull  the  battery  of  type-setting  machines. 

All  the  eggs  seem  to  have  been  entrusted  to  one  basket. 

The  number  of  instances  in  which  convex  boiler  heads 
have  failed  at  the  heel  of  the  flange  has  been  sufficient  to 
indicate,  at  least,  that  there  is  something  radically  wrong 
with  the  generally  accepted  formula  for  figuring  the 
strength  of  such  heads.  In  the  present  issue,  Mr.  Gasche 
makes  a  verj'  complete  analysis  of  the  stresses  in  this  re- 
gion of  the  head  and  his  deductions  show  that  a  much 
higher  factor  of  safety  is  demanded  than  it  has  been  cus- 
tomary to  allow.  A  careful  perusal  of  Mr.  Gasche's  ar- 
ticle is  recommended  to  all  interested  in  the  manufacture 
or  operation  of  steam  boilers. 

Copies  of  the  index  to  Power  for  the  first  six  months 
of  1914  (Vol.  39)  will  be  ready  for  distribution  in  about 
two  -weeks  and  will  be  sent  without  charge  to  subscribers 
reqiiesting  them. 
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A  Boilei?  Testt 

In  a  recent  boiler  test  steam  jets  were  used  as  a  basis 
of  smoke  prevention.  These  jets  were  placed  above  the 
grate,  as  shown  in  the  illustration,  and  were  of  the  in- 
ductive type — that  is,  they  carried  in  a  volume  of  air 
with  the  steam.  They  had  valves  for  individual  control, 
and  were  so  arranged  that  they  could  be  entirely  cut  off. 
One  trial  of  a  day's  duration  was  run,  with  steam  jets, 
and  one  without,  and  an  exact  measure  of  water  and  coal 
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was  noted  in  each  trial.     The  results  are  shown  in  the 
accompanying  table. 

W^ith  Without 

Blower  Blower 

Duration  of  test,  hr 9  9 

St«sm  pressure,  lb 96.5  97.07 

Feed  water,  deg.  F 139.3  139  67 

Total  feed  water,  lb 40,0910  35,481.5 

Total  coal,  lb 4,860  4,440 

Moisture  in  coal,  per  cent 2.06  2.06 

Coal.  B.t.u 13.840  13,840 

Coal,  per  sq. ft  grate,  lb 11.87  10.85 

Eraporation  of,  lb 8.25  7.99  + 

DraftatE,in 0.66  0.66 

Draft  at  F,  in 0.42  0.30 

DraftatCin 0.17  0.22 

Flue  gas  temperature,  deg.  F 434.25  398.5 

Room  temperature,  deg.  F 83.00  89.00 

Per  ga-s  analysis  CO, 9.36  8.76 

Per  gas  analysis  O -• 9.12  10.93 

Per  gas  analysis  CO 0.33  0  25 

Per  gas  analysis  N 81   19  80  03 

Boiler  hp.  rating l-'>5  l-'>5 

Boiler  hp.  developed 144  127  25 

While  the  test  shows  a  slight  gain  by  the  use  of  ihe 
steam  jets,  I  should  say  it  was  mostly  due  to  the  change 
of  draft  conditions  during  firing  when  the  coal  was  gen- 
erating its  greatest  and  was  quicklv  burning  the  gases, 
which  in  turn  would  naturally  obviate  smoke.  Note  the 
cliangc  of  velocity  of  the  moving  gases  at  the  point  F  in 
tJie  utack  connection.  This  would  bo  largely  respon.sibJe 
for  such  bettered  conditions,  as  it  is  not  always  well  to 
have  an  increa.sed  furnace  draft. 

Fre(|uently,  we  have  boiler  trials  that  show  too  imuli 
grate-surface  draft,  while  the  increased  temperature  of 
flue  gases  would  tend  to  increase  the  draft  at  the  point  F 
and  above.  On  tlie  other  hand,  the  tests  run  without 
steam  jets  were  made  with  a  less  horsepower;  conso- 
quentlv  there  was  a  lower  gas  velocity,  due  to  the  stnck- 
base  tomp?rature. 


I  should  not  take  this  test  seriously  in  behalf  of  the 
use  of  steam  jets  at  this  point  for  smoke  abatement. 
'\Miile  this  did  run  a  cleaner  stack  top,  we  would  natural- 
ly look  for  this  from  the  conditions  set  forth.  Still  this 
test  is  of  interest  to  the  power-plant  operator,  notwith- 
standing the  gain  is  only  31  lb.  of  coal  to  the  1000  lb. 
burned. 

C.  E.  McGahey. 

Baltimore,  Md. 


Costt  ©f 

Aslh=SiIa 

In  the  April  T  issue,  there  is  an  article  descriliing  a  vac- 
uum ash-handling  system,  with  some  figures  on  the  cost 
of  operation  which  are  probably  correct  so  far  as  they 
go,  but  they  give  no  idea  of  the  total  cost  of  handling  a 
ton  of  ashes.  The  item — 5.29c.  per  ton — covers  the  cost 
of  steam  only,  which  is  but  a  small  jiart  of  the  total  cost, 
as  can  be  readilv  shown. 

Let  us  assume  a  plant  of  four  400-hp.  boilers,  three  of 
which  are  in  constant  operation  at  their  rated  capacities. 
With  a  boiler  horsepower  on  5  lb.  of  coal  and  the  ash 
content  of  the  coal  13  per  cent.,  we  would  have 

1200  X  5  X  0.12  =  720  Ih. 
of  ashes  per  hour.     Assuming  the  plant  has  ash  hoppers 
with  capacity  sufficient  for  a  day's  operation,  we  would 
have 

720  X  34 


3000 


=  8.64  ions  of  ashes  per  day 


According  to  the  reported  test,  seven  tons  of  ashes 
were  handled  in  an  hour.  This  would  require  the  ser- 
vices of  two  men  to  feed  the  ashes  into  the  pipe — rapid 
work  being  necessary  to  prevent  a  waste  of  steam.  With 
two  men  at  20c.  an  hour  and  working  at  the  above  rate., 
the  labor  charge  per  ton  of  ashes  is 

2  X  20       _  „_         . 
— - —  =  5.71  cenrs 
I 

For  a  plant  of  this  size,  the  apjiaratus  completely  in- 
stalled would  probably  cost  $1800,  say,  $1000  for  tlie 
tank  and  $800  for  the  piping.  With  6  per  cent,  interest 
on  an  investment  of  $1800,  this  charge  against  a  ton  of 
ashes  is 


1800  X  0.00  X  100 
365  X  8.64 


=  3.43  rents 


The  depreciation  of  the  ash  tank  is  at  least  8  per  cent. 
On  an  unlinod  tank  it  would  be  more,  because  of  the  cor- 
rosive action  of  tlie  wet  ashes.  In  either  case,  the  baffle- 
plate  would  require  frequent  renewal.  The  depreciation 
of  the  ash  pipe  is  high — fully  40  per  cent.  The  effect  o!' 
ashes  striking  a  bend  in  the  piping  while  traveling  at  a 
high  velocity  can  be  appreciated  only  by  those  wlio  have 
had  experience  with  such  things.  At  the  above  rales, 
the  depreciation  charge  per  ton  of  asiies  is 
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1000  X  0.08  +  800  X  0.40 


=  60.1268  or  12.68  cents 


3fio  X  8.64 

Adding  the  foregoing,  we  have 

5.2;)  +  o.n  +  3.42  +  12.68  =  27.10  cents 
as  the  cost  of  handling  a  ton  of  ashes. 

To  dispel  any  suspicion  that  the  assumptions  made 
are  unwarrented,  I  will  say  that  I  had  some  experience 
\rith  a  vacuum  ash-handling  system  in  which  the  vacuum 
was  maintained  by  a  so  called  "positive  blower"  which 
was  driven  by  a  Ijack-geared  50-hp.  motor.  The  average 
life  of  the  manganese-steel  wearing  backs  (21/2  in.  thick) 
at  the  bends  was  11  days.  These  wearing  backs  were  re- 
placed by  plugged  tees,  but  the  power  required  to  operate 
was  such  that  the  50-  was  replaced  by  a  75-hp.  motor.  The 
cost  of  handling  a  ton  of  ashes  at  this  plant  was  26c.,  ex- 
clusive of  fixed  charges.  The  system  was  abandoned  for 
a  mine  car  and  skip  hoist. 

Gebhardt's  "Steam  Power-Plant  Engineering"  describes 
a  vacuum  ash-handling  system  like  the  one  just  referred 
to.  It  winds  up  with  the  statement  that  "the  cost  of 
handling  the  ashes  in  this  installation  is  approximately 
7c.  per  ton."  Xow,  anyone  working  up  the  data  given 
will  find  that  the  7c.  would  no  more  than  cover  the  cost 
of  power,  and  does  not  include  labor,  maintenance  or 
fixed  charges. 

It  seems  to  me  that  plants  are  exceptional  where  a  vac- 
uum ash-handling  system  is  indicated,  and  that  it  can- 
not successfully  compete  with  handling  with  wheelbar- 
rows where  the  length  of  travel  is  moderate. 

I'll  confess  that  it  is  a  pretty  thing  to  see  ashes  dis- 
appearing through  a  hole  into  a  pipe,  the  ashes  ending 
their  journey  in  a  tank  placed  over  a  railroad  track,  but 
the  novelt>'  soon  wears  ofE  when  the  operating  costs  be- 
come known. 

C.  0.  Saxdstrom. 

Kansas  Citv,  Mo. 


In  the  April  21  issue  an  article  entitled  "Gas  Producer 
Testing,"  referring  to  gas  temperatures,  contains  the 
statement,  "To  make  corrections  for  the  increased  re- 
sistance, due  to  the  heating  of  the  cold  junction  of  the 
thermocouple  above  its  calibrated  zero  mark,  a  mercury 
thermometer  should  be  so  suspended  that  its  bulb  will 
rest  on  the  junction,  thus  showing  to  how  much  this 
heating  amounts."  This  statement  becomes  misleading 
when  the  principle  of  the  thermocouple  is  explained.  A 
thermocouple  has  two  wires  of  different  composition ; 
say,  for  instance,  one  of  copper  and  one  of  iron.  These 
are  joined  at  one  end,  which  is  inserted  into  the  furnace 
and  called  the  hot  junction,  the  two  free  ends  being 
connected  either  directly  to  the  reading  instrument  or 
to  copper  leads  which  run  to  the  reading  instrument. 

The  point  where  these  ends  outside  of  the  furnace 
connect,  either  to  the  instrument  or  to  the  copper  leads, 
is  called  the  cold  junction,  and  it  is  the  difference  in 
temperature  between  the  hot  and  cold  junctions  which  is 
the  source  of  electrical  energy.  If  the  hot  and  cold 
junctions  were  at  the  same  temperatures,  there  would 
be  no  electrical  energy  developed  and,  hence,  no  indica- 
tions would  be  shown  on  the  reading  instrument  as  the^e 
would  be  no  temperature  difference  between  the  two 
junctions. 


In  commercial  practice,  the  cold  junction  temperature 
of  the  thermocouple  is  assumed  to  be  around  70  to  100 
deg.  F..  which  is  average  room  temperature,  and  tin- 
zero  mark  on  the  reading  instrument  is  from  70  to  1"' 
degrees. 

Should  an  instrument  be  set  with  a  zero  mark  of  100 
degrees  and  the  actual  temperature  at  the  cold  junction 
be  about  200  degrees,  it  would  read  low  by  approximately 
100  degrees,  depending  upon  the  characteristics  of  the 
thermocouple.  This  applies  to  most  base  metal  thermo- 
couples ;  with  a  platinum  thermocouple,  the  reading 
would  be  low  by  approximately  40  or  50  degrees.  There- 
fore, the  statement  is  misleading  that  corrections  should 
be  made  for  "increased  resistance  due  to  the  heating  of 
the  cold  junction." 

Where  platinum  and  platinum  rhodium  or  "rare" 
metal  couples  are  employed,  the  resistance  so  increases 
with  the  temperature  that  the  current  generated  is  cut 
down  and,  should  the  resistance  of  the  indicating  in- 
strument be  nearly  that  of  the  couple,  a  serious  error 
would  result.  The  only  practical  method  of  overcoming 
this  is  to  use  a  reading  instrument  of  high  resistance  so 
that  slight  changes  in  the  resistance  of  the  thermocouple 
and  wiring  will  be  negligible. 

Joseph  C.  Schwarz. 

Bochester,  X.  Y. 


ergeiracs^ 


Because  of  a  defect  in  the  material,  one  of  the  rock 
shafts  on  our  duplex  pump  broke  close  to  the  valve- 
motion  lever,  as  shown  at  A.  As  it  was  necessary 
that  the  pump  be  kept  running,  a  piece  of  %-in.  iron 
rod  was  hastily  bent  in  the  shape  indicated  at  B,  dressed 
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up  witli  a  file,  and  after  threading  one  end  for  the  nut  it 
was  put  in  place  of  the  broken  shaft.  The  pump  ran 
satisfactorily  until  a  new  shaft  was  secured. 

Ernest  A.  Tichexor. 
Beechwood,  W.  Va. 

In  the  May  12  issue,  Mr.  Webster  is  quite  correct  in 
"believing  that  the  lowest-priced  article  is  not  ahvavs  the 
cheapest,  and  if  he  liad  carried  his  investigation  still 
further,  he  probabl}-  would  have  chosen  a  more  suitable 
installation. 

A  horizontal  centrifugal  pump,  where  there  is  a  suc- 
tion lift,  is  seldom  the  best  pump.  It  requires  a  foot 
valve  which  is  usually  hard  to  maintain  tight,  especially 
when  using  river  water  with  its  attendant  sand  and  other 
solid  matter.  \Yiien  the  pump  is  at  a  distance,  as  in  Mr. 
Webster's  case,  the  time  spent  going  to  the  pump  to  stop 
the  leakage  of  the  foot  valve  and  consequent  loss  of  prim- 
ing is  a  serious  item.  If  no  check  valve  were  placed  in 
the  discharge  line,  the  pump  would  always  be  primed,  but 
the  loss  of  water  might  bo  serious  since  there  would  be 
no  way  to  tell  just  how  great  the  leakage  through  the 
foot  valve  might  be. 

A  better  installation  is  a  vertical  submerged  pump 
placed  in  a  small  concrete  pit  at  the  river  side,  with  the 
suction  line  running  througli  the  pit  wall  or  over  the  top 
of  the  pit  into  the  river.  Eliminating  the  foot  valve  and 
placing  a  check  in  the  discharge  line  would  prevent  the 
water  in  the  tank  from  running  back  through  the  pump. 
Even  with  a  7-in.  pump,  the  extra  cost  of  the  vertical 
type  should  not  exceed  $100  plus  the  cost  of  the  concrete 
pit. 

Mr.  Webster  states  that  the  maximum  demand  does 
not  exceed  675  gal.  per  min.  Since  the  triplex  pump 
furnishes  2G8  gal.,  the  centrifugal  pump  has  but  407 
gal.  per  min.  to  furnish.  Furthermore,  it  appears  that 
the  total  hourly  water  consumption  is  such  that  the  cen- 
trifugal pump  is  in  operation  five  times  an  hour  for  pe- 
riods of  4I/2  min.  each,  or  a  total  of  six  hours  per  day. 

Pump  D,  the  one  chosen,  requires  10.(33  hp.  per  hour, 
or  the  daily  power  required  for  the  six  hours  of  operation 


20  X  24  X  3 
100 


=  14.4  l-w.-7i) 


19.63  X  746  X  C 
1000 


87.86  theoretical  kw.-hr. 


A  squirrel-cage  motor  of  this  size  would  have  an  effi- 
ciency of  about  85  per  cent.,  so  the  actual  power  required 
to  pump  the  water  would  be 

87.86  X  100       ^^^.^  ,   .       , 

-zr- =  103.4  ktr.-hr. 

80 

However,  there  is  a  serious  loss  that  occurs  in  tJiis  method 
of  pumping  that  must  lie  considered. 

Each  time  the  motor  starts  it  requires  about  three 
times  the  running  current  to  bring  it  up  to  speed;  this 
(li'inand  lasting  for  about  15  sec.  Consequently,  the  ])o\ver 
rcfjuired  to  start  the  motor  five  times  an  hour,  or  80  times 
a  (lay,  would  be 

19.63  X  746  X  100  X  3  X  15  X  80  ^  i~  .,  ,    ,    ,  . 
1000  X  85  X  60  X  60  "'•    " ' 

The  transformer  loss  would  average  about  3  per  cent. 
for  both  tlu!  active  and  the  idle  periods  during  the  24 
hr..  or.  luing  a  t  i-;iiisformer  capacity  of  20  kw.,  the  loss 
would  be 


Then  the  total  power  required  for  the  pump  would  be 
103.4  +  17.2  +  14.4  =  135  hw.-hr.  per  day 

A  better  solution  would  have  been  to  use  a  pmnp  which 
by  continuous  operation  each  hour  would,  together  with 
the  triplex  pump,  supply  the  hourly  consumption.  The 
7-in.  pump  now  delivers  15,750  gal.  per  hour,  so  a  21^- 
in.  pump  delivering  275  gal.  per  min.  would  be  able  to 
meet  the  hourly  demand. 

Of  course,  it  is  possible  that  the  demand  is  a  varying 
one  and  that  the  amount  and  period  of  demand  coincide 
with  the  capacity  and  running  period  of  the  7-in.  pump, 
namely,  700  gal.  for  4I/0  min.  However,  the  elevated 
tank  need  hold  only  4100  gal.  to  handle  all  the  water 
delivered  by  the  triplex  pump  and  the  2Vi;-iii-  centrifugal 
pump  during  the  71,0  min.  when  the  factory  demand  is 
zero.  If  the  demand  at  night  is  light,  then  the  small 
pump  could  be  handled  by  automatic  control,  as  is  the 
7-in.  pump  at  present. 

Figuring  the  total  days  pumping  from  the  present  op- 
eration, then  the  2y2-in.  pump  need  run  16  hr.  per  day, 
made  up  probably  of  12  lir.  continuous  operation  and  4 
hr.  intermittent  pumping  of  eight  30-min.  periods.  Using 
the  same  discharge  line  as  at  present,  the  friction  loss 
would  be  so  decreased  that  the  total  head  would  approxi- 
mate 75  ft.  instead  of  80  ft.  as  at  present. 

It  is  possible  to  obtain  a  2i/.-in.  pump  with  an  efficiency 
of  65  per  cent.,  while  a  motor  of  the  required  size  should 
approximate  85  per  cent.  The  power  requirement  would 
figure  as  follows: 


pumping  = 


5.2  hp.  X  100  X  746  X  100 


starting  power  = 


transformer  loss  = 


66  X  1000  X  85 
7  X  16  =  112  kir.-hi 
X  3  X  15  X  8 


=  7  kw.  per  hr. 


60  X  60 
r.5  X  24  X  3 

100 


=  0.7  kw.-hr. 


=  5.4  kw.-hr. 


Total  power  required  equals 

112  +  0.7  +  5.4  =  118.1  kir.-hr. 
The  saving  over  using  the  7-in.  pump  would  be 
135  —  118.1  =  16.9  kw.-hr.  per  clay 
or 

1G.9    X    300    =    5070   kw.-hr.   per  year 
which,  figured  at  2il;C.  per  kilowatt-hour,  is  $121). 75  ])er 
year. 

L.  Hakvey. 
A\'aco,  Texas. 

■^. 

Williiiui  Tj.  Kcil's  article,  in  the  June  2  issue,  on  this 
subject  deserves  criticism,  as  some  of  his  statements  are 
misleading.  He  states  that  there  arc  many  types  of  re- 
frigerating machines,  some  with  "oil  system,"  others 
williout;  those  without  he  calls  "dry  systems." 

By  oil  system  I  infer  that  Mr.  Keil  means  the  oil  in- 
jection as  used  in  the  De  La  Vei-gne  type  of  refrigerating 
luachinc.  This  injection  has  two  p'lrjioscs,  to  fill  the 
clearance  spaces  in  the  compressor  and  to  cool  it.  The 
latter  is  a  strictly  dry-gas  machine. 

Ammonia  compressors  not  using  the  oil  injection  are 
not  all  dry  systems  or  dry-gas  machines,  as  Mr.   Kcil 
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would  have  us  believe.    There  are  two  systems  of  runniug 
ammonia  compressors,  the  wet  and  the  dry. 

In  the  wet  system  the  ammonia  gas  returning  from  the 
evaporator  is  in  a  wet  or  saturated  condition.  Therefore 
its  name,  "wet  compression."  In  this  system  the  frost 
line  is  carried  back  to  the  machine;  in  fact,  the  suction 
parts  of  tlie  eoiupressor  should  be  well  frosted.  No  water 
is  used  in  the  jacket  with  this  type  of  compressor  as  the 
cold  and  saturated  condition  of  the  ammonia  vapor  re- 
turning to  the  compressor  will  keep  it  sufficiently  cool 
without  the  aid  of  jacket  water. 

In  the  drj'-compression  system  the  frost  line  is  carried 
up  to  within  5  or  10  ft.  of  the  suction  valves;  hence  the 
returning  ammonia  gas  is  dry  or  slightly  superheated. 
In  this  system  of  ammonia  compression  a  water  jacket 
and  water  circulation  through  the  compressor  is  necessary 
to  carry  off  tlie  heat  due  to  compression. 

There  has  been  much  dispute  among  refrigerating  en- 
gineers as  to  the  relative  merits  of  these  systems.  Nearly 
all  ammonia  compressors  are  fitted  with  water  jackets  so 
that  tliey  can  be  run  eitlier  dry  or  wet. 

"In  starting  up,  see  that  the  equalizing  valves  are 
open,''  states  Mr.  Keil.  In  my  experience  I  have  found 
few  compressors  excepting  motor-driven  ones  that  have 
had  equalizing  valves  between  the  suction  and  discharge 
sides  of  the  compressor.  Hence,  Mr.  KeiFs  statement 
applies  only  to  a  few  compressors. 

Mr.  Keil  states  that  the  water  should  not  be  turned  on 
the  condenser  until  the  pressure  has  risen  to  the  working 
pressure  usually  carried.  This,  in  my  opinion,  is  bad 
practice.  It  is  far  better  to  turn  the  water  on  the  con- 
denser as  soon  as  the  compressor  is  started,  or  a  little  be- 
fore, as  the  lower  the  condenser  pressure — to  a  certain 
point  of  liquefaction — can  be  held,  the  more  economically 
and  efficiently  the  machine  can  be  run,  as  the  lower  the 
condenser  pressure,  the  more  gas  the  machine  can  handle 
per  revolution. 

If  the  condenser  be  allowed  to  run  without  any  water 
until  the  desired  working  pressure  is  reached,  it  is  quite 
evident  that  the  condenser  is  warm,  if  not  hot,  and  turn- 
ing cool  water  suddenly  on  a  hot  condenser  is  not  good 
engineering  practice.  The  sudden  cooling  effect  of  the 
water  on  the  hot  condenser  is  liable  to  start  a  series  of 
leaks  due  to  the  sudden  contraction  of  the  pipes  and 
joints  on  the  condenser.  These  leaks  are  sometimes  hard 
to  find  and  most  troublesome  to  repair. 

It  is  far  better,  in  my  opinion,  to  turn  the  water  on 
the  condenser  before  starting  the  compressor  so  that  the 
condenser  and  compressor  will  heat  up  slowly  and  evenly 
to  the  temperature  of  the  working  pressure. 

As  to  the  statement  about  direct  and  indirect  systems 
of  refrigeration,  I  have  found  that  the  direct  system  is 
more  extensively  used  in  smaller  plants  and  hotels  than 
is  the  indirect  ''nystem.  The  direct  system  of  expansion 
eliminates  brine  prmips,  brine  tanks,  agitators  and  a  lot 
of  piping,  which  makes  it  a  favorite  over  the  indirect  or 
brine  system. 

A  little  further  on  Mr.  Keil  states  that  the  brine 
should  never  be  lower  in  density  than  79  deg.  or  higher 
than  90  deg.  Be.  This  statement  is  erroneous,  as  90  deg. 
Be.  would  mean  a  solution  of  approximately  80  per  cent, 
salt  and  20  per  cent,  water,  which  is  almost  a  solid  mass. 
I  believe  Mr.  Keil  means  70  to  90  deg.  on  the  salometer 
instead  of  the  Baume  scale.  Seventy-two  degrees  on  the 
salometer  scale  at  64  deg.  F.  is  equal  to  18  deg.  on  the 


Baume  scale  ana  the  specific  gravity  is  1.140,  while  9^ 
deg.  on  the  salometer  at  a  temperature  of  64  deg.  F.  is 
equal  to  23  deg.  on  the  Baume  scale  and  the  corresponding 
specific  gravity  is  1.18().  . 

Calcium  brine  with  a  specific  gravity  of  1.18G,  or  23 
deg.  Baume.,  can  be  cooled  to  5  deg.  below  zero  without 
any  danger  of  freezing. 

C.  E.  Anderson. 

Chicago.  111. 

ILesidl    BoaSeir  QasSlets 

The  article  on  this  subject,  by  J.  C.  Hawkins,  in  the 
Apr.  28  issue,  was  interesting.  I  have  seen  lead  gaskeis 
used  in  several  plants  and  they  have  been  entirely  satis- 
ftictory. 

The  illustration  shows  the  simplest  and  most  con- 
venient mold  that  I  have  seen.  Plate  A  is  flat  and  bolted 
to  a  stand  made  of  two  strips  of  wrought  iron  bent  as 
shown.    Plate  B  has  a  groove  for  the  desired  size  of  gas- 
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ket.  The  two  handles  serve  another  purpose  by  fitting  in- 
to the  beveled  slots  in  the  stand  and  holding  plate  B  firm- 
ly against  plate  A.  This  is  handier  than  dowel  pins  and 
capscrews.  When  more  than  one  size  of  gasket  is  needed^ 
another  plate,  like  B,  is  made  with  the  desired  size  of 
groove. 

Lawrence  Kjerulff. 
Kansas  Citv,  ^fo. 


A  great  deal  lias  been  published  lately  in  Power  about 
boiler-room  economy,  but  I  have  seen  nothing  like  my 
system. 

We  had  considerable  hot  water  (condensate)  of  200 
deg.  and  over  that  we  did  not  know  what  to  do  with  except 
let  it  cool  in  a  large  tank;  this  seems  to  be  general  prac- 
tice. I  reasoned  that  if  a  few  degrees  difference  in  the 
feed  water  made  a  saving,  then  a  few  degrees  difference 
in  the  air  under  the  grates  should  make  a  saving  also. 

I  cleaned  out  behind  the  bridge-wall  and  put  in  a  lot 
of  old  pipe  coils,  making  a  large  radiator;  then  I  con- 
nected it  to  a  pump  to  get  a  circulation  of  the  hot  water 
through  the  coils.  By  roofing  this  over  and  making  some 
holes  through  the  bridge-wall  below  the  grates  and  one 
large  one  in  the  side  of  the  setting,  we  had  it  fixed  sO' 
that  all  of  the  air  for  draft  had  to  pass  over  those  coils,, 
when  the  front  ashpit  doors  were  kept  closed. 

We  have  no  way  of  determining  the  amount  of  saving, 
but  by  measuring  the  coal  I  am  convinced  that  at  least 
^.5  per  cent.,  and  possibly  more,  was  saved. 

M.    A.    OLMSTE.iD. 

Sterling,  Kan. 
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Recently,  there  was  a  severe  rainstorm  in  this  locality, 
and  when  talking  to  an  engineer  about  it  afterward,  the 
question  of  its  horsepower  arose.  I  was  interested  enough 
to  hunt  up  data  on  which  to  base  a  calculation. 

The  rainfall  amounted  to  4.1  T  in.  in  10  hr.  over  a 
surface  of  approximately  10  square  miles,  and  the  esti- 
mated average  height  of  the  rain  cloud  was  5000  ft.  This 
represents  approximately  (>,000,000,000  lb.  of  water  which 
had  fallen  during  10  lir.  from  an  elevation  of  5000  ft., 
or  15,000,000  hp.-hr.  Thus  we  see  the  energy  represented 
by  this  one  short  stonu. 

Suppose  man  could  avail  himself  of  this  energy  and 
store  it  so  it  could  be  used  at  pleasure;  for  instance,  for 
lighting  city  streets  with  4000  arc  lamps.  Allow  500 
watts  per  lamp,  making  ^OOO-kw.  load  during  tlie  light- 
ing period  equal  to  .2(j80  hp.  or,  including  losses,  say, 
3000  hp.  Allowing  12  hr.  in  24  as  the  lighting  period, 
the  daily  load  will  amount  to  36,000  hp.-hr. 

The  length  of  time  this  energy  would  last  would  be 
425  days,  or  one_  year  and  two  months  of  light  from  one 
storm.  This  gives  some  idea  of  the  enormous  energy  at 
work  in  nature. 

G.  P.  Pearce. 

Moline,   111. 


1  knew  that  brass  expanded  more  than  iron,  liut  in  this 
ease  I  was  caught.  As  shown  in  the  illustration,  it  was  a 
solid  connecting-rod  end  for  the  crankpin  of  a  fairly 
large  horizontal  engine.  As  there  was  a  slight  knock  I 
stripped  the  brasses  to  what  were  my  ideas  of  a  nicely 
running  fit.     I  was  told  by  the  engineer  that  it  had  a 
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habit  of  heating  up  quickly  and  that  previous  engineers 
liad   tried   to   tighten  it. 

It  went  nicely  for  about  one  hour  when  tliere  was  not 
trnich  load.  Thinking  it  was  all  right,  I  went  to  some 
other  work,  but  the  engineer  soon  said  it  was  luxating 
and  he  would  have  to  stop.  The  lieat  was  not  great,  but 
the  engine  was  being  slowed  down  by  the  crankpin  Ix-ing 
gripped.  It  only  took  a  few  minutes  to  case  the  adjust- 
ing screws  and  start  the  engine.  T  then  reasoned  that 
as   the  connecting-rod    was   heavy    and    solid,    when    IIk; 


crankpin  and  brass  heated,  the  brass  was  forced  to  ex- 
pand on  to  the  pin,  so  that  to  escape  a  stop  if  there  was  a, 
chance  of  the  journal  heating  it  would  be  necessary  to 
allow  for  the  expansion  of  the  pin  and  brass.  On  other 
rod  ends  where  the  brasses  expand  away  from  the  pin,  the 
joint  surfaces  of  the  brass  being  fairly  large,  the  bolts 
will  yield  slightly  and  do  not  pull  up  the  engine  sa 
quickly.  After  a  few  weeks  I  had  it  adjusted  to  the  origi- 
nal position  in  which  it  had  seized  and  it  ran  all  right. 
This  experience  may  save  someone  trouble,  and  reason- 
ing it  out  afterward. 

W.  Burns. 
Govan,  Scotland. 


Some  time  ago  I  was  asked  this  question,  though  I  was 
not  perfectly  sure  of  the  answer: 

"If  yotx  had  a  horizontal  tubular  boiler  constructed  ac- 
cording to  the  Massachusetts  rules,  with  a  quadruple- 
riveted  butt  joint  having  an  efficiency  of  94  per  cent.,  and 
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a  bag  should  form  on  the  bottom  of  the  lire  sheet  30  in. 
long  (lengthwi.^e  of  the  boiler)  by  20  in.  wide,  beginning 
at  the  girth  seam,  how  would  you  put  on  a  patch,  and 
have  the  boiler  as  .-strong  as  before?" 

My  answer  was  that  I  should  make  the  patch  triangular 
in  shape  with  the  point  well  rounded,  and  use  a  double 
row  of  rivets  on  the  sides  of  the  patch  with  a  single  row 
in  the  girth  scam  if  originally  it  was  single  riveted.  I 
liavc  failed  to  find  any  formula  that  would  apply  to  this 
kind  of  joint. 

If  the  patch  is  made  siiuare,  ;.s  it  usually  is,  the  lap- 
riveted,  longitudinal  sides  would  bo  of  lower  efficiency 
than  the  longitudinal  scam  of  the  boiler,  and  as  the  girth 
seam  usually  has  a  higher  efficiency  than  the  longitudinal 
seam  I  reasoned  that  a  joint  of  triangular  sha])e  would 
liave  a  higher  efficiency  than  one  of  the  usual  sliape. 

I  have  never  seen  a  patch  put  on  in  this  manner,  and 
perhaps  there  is  some  good  reason  for  its  not  being  done. 
T  would  be  )ileas('d  to  read  the  views  of  other  engineers 
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■on  its  feasibility,  and  get  a  suitable  formula  for  laving 
out  the  patch,  spacing  the  rivets,  etc. 

J.   C.   Hawkins. 
Hyattsvillo,  Md. 

Superheaters  in  use  at  the  ])re«ent  time  in  central  sta- 
tions are  standard  as  a  rule;  consequently  the  following 
•can  be  applied : 

These  su])erheaters  are  flooded  or  tilled  with  water 
previous  to  lighting  the  fire.  When  the  pressure  reaches 
approximately  two-thirds  that  carried  on  the  line,  tlie 
-water  is  blown  out  so  as  not  to  have  water  in  the  path  of 
tlie  steam  when  the  boiler  is  cut  in. 

In  practice  there  should  be  no  moisture  in  the  steam 
after  it  leaves  the  superheater,  but  sometimes  a  tre- 
mendous amount  of  water  will  be  thrown  into  the  steam 
line  and  it  is  at  times  quite  a  difficult  matter  to  deter- 
mine where  it  is  coming  from.  Frequently  it  is  leakage 
at  the  flooding  valve,  where  a  slight  leak  will  not  be 
noticed  if  the  boiler  is  being  fired  at  anything  near  its 
rating.  'UTiere  a  boiler  has  been  banked  over  a  period 
•of  several  hours  and  is  then  fired  up  quickly,  the  leak 
will  have  partly  filled  the  superheater  and  be  thrown 
into  the  line.  Therefore,  there  should  always  be  placed 
a  small  valve  just  in  front  of  the  superheater  blowofT. 
Then  before  firing  up  or  replenishing  the  banks,  this 
valve  should  be  opened  to  the  atmosphere  and  if  water 
is  present  it  can  be  blown  out  before  the  bank  is  dis- 
turbed. This  bleeder  can  be  bypassed  to  a  trap,  but  it 
should  always  have  an  open  connection  for  observation. 
If  the  flooding  valve  is  kept  tight  there  would  be  no  use 
for  the  foregoing,  but  it  is  handy  to  inspect  the  condi- 
tion of  the  flooding  valves.  Xickel  seat  and  disk  valves 
for  use  on  the  superheaters  give  the  least  trouble. 

Joiix  F.  Hurst. 

Louisville,  Ky. 

'^. 

Wposa^  Statoff"  CosairaectSoira 

The  synchronous  speed  of  an  induction  motor  depends 
Tipon  the  frequency  of  the  circuit  from  which  it  operates 
and  upon  the  number  of  poles  on  the  stator.  A  motor  de- 
signed to  give  rated  speed  on  a  50-c3'cle  circuit  will  run 
above  normal  speed  on  a  60-  and  below  normal  speed  on 
a  40-cycle  circuit.  Increasing  the  number  of  poles  will 
decrease  the  speed  obtainable  from  a  given  frequency,  and 
decreasing  the  number  of  poles  will  increase  the  speed  ob- 
tainable from  that  same  frequency.  The  stators  of  all 
modern  induction  motors  are  wound  with  formed  coils, 
and  a  change  in  the  numlier  of  poles  ordinarily  calls 
for  change  in  the  pitch ;  hence,  in  the  dimensions  of  the 
coils.  That  this  point  may  be  overlooked  is  illustrated  by 
the  following  incident,  due  in  a  measure  to  the  fact  that 
the  same  frame  may  be  wound  for  two  or  more  pole  ar- 
rangements. 

A  four-pole,  60-cycle  induction  motor  was  struck  by 
lightning  and  had  to  be  rewound.  The  rotor,  which  had 
been  operating  for  two  years,  had  been  running  at  a 
speed  of  1800  r.p.m.,  which  was  correct  for  the  work  that 
it  had  to  do.  After  its  return  from  the  repair  shop,  the 
motor  was  unable  to  turn  out  the  work  that  it  did  former- 
ly, and  on  measuring  the  speed  it  was  found  to  be  only 
about  1200  r.p.m.     As  nothing  had  been  handled  except 


the  stator,  it  was  suspected,  and  the  difference  of  exactly 
(iOO  r.p.m.  was  suggestive.  Investigation  revealed  that  in 
connecting  the  stator  it  had  been  connected  to  give  six 
poles  instead  of  four.  On  reconnecting  for  four  poles,  the 
original  speed  was  restored. 

J.     A.     HORTON. 

Schenectady,  N.  Y. 


The  efficiency  of  a  dry-vacutim  pump  on  a  jet  con- 
denser can  be  increased  greatly  by  cooling  the  air  or  vapor 
before  it  enters  the  pump. 

To  obtain  this  result  some  makers  expose  the  air  out- 
let as  much  as  possible  to  the  cooling  ett'ects  of  the  enter- 
ing water.     Where  the  water  supply  is  limited,  however, 
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and  the  amount  used  is  redticed  as  the  load  decreases, 
the  pump  must  handle  considerable  steam  or  hot  vapor 
due  to  poor  distribvttion.  This  does  not  occur  under 
full-load  conditions.  An  air  cooler  can  be  installed  con- 
sisting of  a  ring  made  of  2-in.  pipe  with  %-in.  holes 
drilled  upon  l/2-iii-  centers  on  the  inner  diameter,  which 
will  suffice  for  air  outlets  up  to  16  in.  in  diameter.  All 
of  the  air  or  vapor  must  then  pass  through  the  spray 
wliich   will  reduce  its  temperature  and  volume. 

The  water  used  should  come  from  the  injection  supply 
and  otitside  of  the  injection  valve.  There  need  be  no 
fear  of  water  being  lifted  and  carried  to  the  pump  as  the 
velocity  of  the  air  under  conditions  of  high  vacuum  is 
very  low ;  therefore  the  spray  water  will  fall  into  the  con- 
denser. Such  a  spray  could  not,  of  course,  be  used  on 
surface  condensers. 

JoHx  F.  Hurst. 

Louisville,  Ky. 
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AMien  trying  to  drive  back  a  large  dent  in  a  sheet- 
letal  oil  tank  or  filter  with  an  ordinary  hammer  usually 
,  number  of  f?mall  dents  results.    To  overeome  this  diffl- 
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ulty,   use  a   hammer  made  of  a  short   length   of  heavy 
team  hose,  as  shown. 

Charles  Fexwick. 
Humboldt,  Sa.sk.,  Can. 
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It  puzzled  me  to  find  a  good  and  inexpensive  way  of  in- 
lexiiig  and  arranging  my  engineering  journals.  I  tried 
iiudiiig  them,  but  the  volumes  were  too  cumbersome  to 
ake  to  the  plant  or  to  read  on  the  street  ears,  and  some- 
imcs  a  fellow  engineer  wanted  an  article  on  a  certain 
ubjeet. 
I  solved  the  problem  in  the  following  manner :  I  made 
cabinet,  a  front  and  side  view  of  which  is  shown.  It  is 
'Oy^  in.  high,   281A   in.  wide  and  10%  iu.  deep.     The 
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A  Maoazine  Filing  Cabinet 

jdcs,  top,  bottom  and  front  are  made  of  one-inch  boards, 
he  back  and  drawer  bodies  of  one-quarter  incb  ;  the  par- 
ition  of  one-balf  inch.  It  was  tlien  painted  and  the 
lulls  and  label  holders  attached.  It  contains  16  drawers 
'V^xl2l/^  in.  and  41,4  '"•  flccp  inside  measurements.  Each 
Irawer  will  hold  one  year's  issues  of  Power  with  the  ad- 
ertisenients  removed,  eacli  issue  being  loose. 


At  the  back  of  the  drawers  an  opening  of  41/0  in. 
wide  was  made  as  shown  by  the  dotted  lines,  so  that  the 
journals  can  be  easily  removed.  I  put  a  strip  of  heavy 
paper  between  the  first  and  second  half  rear  for  conven- 
ience. 

There  are  four  drawers  1%  'ri.  deep  for  clippings  on 
selected  subjects.  Two  of  the  top  drawers  are  used  for  in- 
dex cards,  which  are  6  in.  wide,  OV2  '°-  long  and  31/4 
in.  deep.  The  other  is  for  the  yearly  magazine  index. 
This  cabinet  was  made  during  my  spare  time  and  the  ma- 
terial cost  about  $5. 

When  I  have  several  issues  on  hand,  I  remove  the  ad- 
vertisements and  clinch  the  wire  staples.  Then  I  mark 
the  articles  and  card  index  them  under  suitiible  headings, 
so  that  I  can  find  them  (sometimes  I  index  them  under 
more  than  one  heading)  and  then  I  mark  the  front  i>age 
with  a  capital  /,  so  I  will  know  that  it  has  been  indexed. 
I  use  the  index  on  the  inside  of  the  front  cover  as  I 
find  that  it  explains  the  contents  of  the  article  in  a  brief 
wa}'.  I  abbreviate  as  much  as  possible  and  keep  a  list  of 
the  abbreviations  u.sed.  For  instance  P  stands  for 
Power  and  also  page;  "ill.,"  illustrated;  "col.,"  column; 
"E.  X.,"  Engineering  Neu-s,  etc.  I  also  index  interesting 
articles  in  books. 

It  is  most  satisfactory  to  have  a  place  for  magazines 
and  the  interesting  articles  indexed  so  that  they  may  be 
easily  found  and  can  be  carried  around  conveniently. 

K.  J.  Lawrence. 

Kansas  Citv,  ilo. 
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At  least  50  per  cent,  of  the  troulde  with  centrifugal 
pumps  results  from  faulty  suction  conditions.  The  fol- 
lowing problem  illustrates  one  of  the  cases  where  the 
blame  was  placed  on  the  pump,  whereas  it  belonged  to 
the  method  of  piping. 


J^ 


Fig.  1. 


Fig.  2. 


Water  from  the  city  mains  had  been  used  to  cool  the 
cylinder  of  a  machine-shop  gas  engine.  The  cooling 
water  required,  some  two  thousand  gallons  per  hour,  had 
always  accounted  for  excessive  water  bills.  A  refrigerat- 
ing engineer  suggested  using  the  water  over  and  over 
by  putting  up  a  cooling  tower  on  the  roof  of  the  sho]i. 
The  result  was  the  installation  of  the  belt-connected  out- 
fit, Fig.   1. 

The  water  from  the  cylinder  jacket  had  always  been 
discharged  to  a  funnel  and  piped  to  the  city  sewer.  .V 
tee  was  put  in  and  connections  made  so  as  to  discharge 
this  water  direct  to  the  pump  suction.     It  was  desired 
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to  keep  the  open  connection  so  as  to  know  that  water  was 
flowing  at  all  times. 

Everything  completed,  the  pump  was  started.  The 
funnel  overflowed  but  no  water  was  discharged  from  the 
piunp.  A  larger  driving  pulley  was  used  to  speed  up  the 
outfit,  but  still  no  results.  After  some  studying  the  suc- 
tion was  connected  to  a  barrel  which  it  rapidly  pumped 
drv.  Connections  were  then  made,  as  shown  in  Fig.  2. 
the  pulley  size  was  reduced  to  the  original,  and  water 
was  easily  handled  by  the  pump. 

The  trouble  was  evidently  caused  by  air  being  drawn 
into  the  funnel  and  trapped  in  the  impeller.  This  air 
once  trapped  was  not  thrown  out  fast  enough  to  permit 
tlie  impeller  to  get  a  gi-ip  on  the  incoming  water,  which 
was  also  full  of  air.  With  the  plan,  shown  in  Fig.  2, 
the  air  bubbles  came  to  the  top  of  the  tank,  while  water, 
free  from  bubbles  flowed  to  the  pump  impeller,  forcing 
out  any  air  that  may  have  been  trapped.  The  pump  has 
a  slightly  greater  discharge  than  that  of  the  engine  cyl- 
inder and  so  drains  the  tank.  It  then  runs  idle  until 
water  rises  and  flows  to  the  impeller. 

H.  C.  Wight. 

Philadelphia,   Penn. 

'*: 

By  a  series  of  coincidences  the  same  type  of  accident 
happened  on  two  large  mail  steamships  on  the  same  de- 
sign of  feed  pimip  which  had  been  recently  installed. 
This  was  the  breaking  of  the  valve  spindle,  a  rod  21^  in. 
in  diameter  made  of  mild  steel.  The  spindle  has  an  os- 
cillating movement  of  about  one-quarter  turn  and  re- 
ceives its  motion  from  a  balanced  lever,  which  is  actuated 
by  a  tappet  rod  connected  loosely  to  the  crosshead  of 
the  piston  and  bucket  rods. 


As  may  be  seen  in  the  illustration,  the  valve  operated 
by  this  2%-in.  si)indle  is  only  to  start  the  motion  of  the 
main  valve  and  open  the  steam  ports,  by  which  the  main 
valve  receives  the  steam  that  actually  gives  it  motion. 
Thus  the  torsion  stress  on  the  spindle  is  slight  and  when 
under  full  steam  the  gear  can  be  operated  by  hand. 

The  first  accident,  as  were  also  the  others,  was  a  scarf 
break  Just  behind  the  rocking  lever.  The  spindle  was 
taken  out  and  the  pieces  carefully  held  together  in  a 
vise,  while  a  %-m.  hole  was  bored  through  with  an  or- 
dinary ratchet  brace. 


One-half  of  the  hole  was  left  clearance  size  and  the 
other  tapping  size,  so  that  when  a  tap  bolt  was  screwed 
m  tightly  the  pieces  were  brought  together  and  held  se- 
curely. This  done,  the  spindle  was  replaced  in  its  posi- 
tion on  the  pump  and  a  split  clip  with  holes,  similar  to 
those  in  the  stem,  top  and  bottom,  was  clamped  over  the 
fracture.  The  top  bolt  was  screwed  through  the  clamp 
and  spindle  and  drawn  up  tightly.  Then  the  clamp  bolts 
were  tightened  up  and  the  projecting  threads  of  the  bolts 
burred  over  to  prevent  slacking  back  on  the  nuts  as  there 
was  not  sufficient  space  to  allow  locknuts  to  be  used.  Then 
the  dismantled  part  was  replaced  and  the  pump  restarted 
in  a  little  over  two  hours  after  the  breakdown. 

While  this  repair  carried  the  ship  to  port,  the  bending 
stress  loosened  the  arrangement  so  that  it  was  just  a 
question  of  time  before  another  repair  would  have  to  be  ' 
effected.  A  new  spindle  was  fitted,  and  three  months 
later  the  same  trouble  was  experienced  when  only  two 
days  from  port  and  five  days  steaming  ahead  of  us,  so 
that  a  more  substantial  job  wouhl  have  to  be  done  if  the 
pump  was  to  be  kept  working  for  that  period. 

On  this  occasion,  the  hole  was  iiored  as  on  the  previous 
repair,  but  instead  of  the  split  clip  an  old  nut  was  filed 
out  35  in.  less  in  diameter  than  the  stem.  Then  the  holes 
in  the  spindle  were  slightly  countersunk  so  that  on  rivet- 
ing the  ends  of  the  tap  bolt  they  would  not  project  beyond 
the  circumference  of  the  stem.  The  tap  bolt  was  screwed 
home  and  the  ends  cut  ofl^,  leaving  sufficient  to  fill  the 
countersink  on  the  stem,  riveted  over  and  filed  up  smooth 
to  the  spindle's  periphery.  This  was  necessary  as  the 
spindle  had  to  be  passed  through  a  neck  bush  and  gland 
to  get  it  back  in  working  position. 

When  in  place,  the  nut  filed  out  was  made  white  hot 
and  shrunk  on  over  the  break  and  tap  bolt.  When  cold 
this  made  the  repair  quite  solid,  and  it  held  until  the 
home  port  was  reached,  when  a  new  stem  of  slightly 
larger  diameter  was  fitted  and  no  further  fractures  have 
occurred  on  that  particular  pump. 

These  two  accidents  were  quickly  followed  by  two  sim- 
ilar ones  on  a  sister  ship,  and  as  different  engineers  were 
in  charge  difl'erent  ideas  of  repairing  the  break  w^ere 
evolved.  The  broken  parts  were  sawed  off  and  a  square 
filed  in  the  rocking  lever.  Then  a  %-in.  tapping  hole 
was  bored  in  the  center  of  the  spindle  parallel  to  its  axis, 
the  spindle  replaced  in  the  pump  and  connected  up  to  the 
rocking  lever.  A  tap  bolt  and  washer  held  the  lever  se- 
curely on  the  squared  end  of  the  spindle. 

This  arrangement  shortened  the  spindle  considerably 
and  took  the  center  line  of  the  rocking  lever  away  from 
the  center  line  of  the  tappet  rod,  which  was  of  forked 
design  with  a  pin  through  the  fork  and  lever.  To  con- 
nect this  up  a  piece  of  pipe  was  cut  to  fill  the  inside  of 
the  fork  and  a  long  bolt  passed  through  the  rocking  lever, 
with  a  bit  of  pipe  as  a  distance  piece,  then  through  the 
eye  of  the  fork  of  the  tappet  rod  and  screwed  up  hard 
with  a  nut  on  both  sides  of  the  fork,  so  that  the  lever 
was  free  to  move  while  the  bolt  was  held  fast. 

This  method  resulted  in  the  square  being  wrenched  off 
through  a  flaw  in  the  material.  Another  square  was  filed 
as  large  as  possible  and  as  this  further  shortening  of  the 
stem  brought  the  boss  of  the  lever  up  against  the  gland 
nuts,  they  were  cut  off  flush  with  the  gland,  which  was 
held  in  place  by  the  lever  boss.  Then  the  bolt  to  con- 
nect to  the  tappet  rod  was  lengthened.     The  job  with- 


July  7,  1914 


P  0  W  E  E 


29 


stood  tliree  weeks'  wear  and  tear,  when  port  was  reached 
and  tlie  spare  spindle  from  ashore  was  fitted  and  the 
pump  given  an  overhauling. 

C.  G.  Bennie. 
Itchen,  England. 


have  to  be  ground  after  the  job  is  set  up,  on  account  of 
the  peculiar  angle,  clearance,  etc.  The  screw  H  for  the 
feed  should  be  a  fine  thread,  not  less  than  20;  28  would 
be  all  right  for  a  6-in.  pin,  as  then  the  hand-feed  wheel  C 
could  be  locked  to  crossbar  B  for  the  roughing  cut. 

X.  E.  AVOOLMAX. 

Kittanning,  Penn. 


Steam  jets  are  often  employed  to  increase  the  draft  or 
to  keep  the  grate  bars  from  burning.  From  the  writer's 
point  of  view,  this  principle  seems  entirely  wrong.  The 
amount  of  steam  used  may  be  found  by  Napier's  rule ; 
that  is,  the  weight  of  steam  a  jet  will  pass  in  pounds  per 
second  when  discharging  into  the  atmosphere.  Following 
is  the  formula : 


W  = 


pa 

70 


where 

W  =  Weight  in  pounds  per  second ; 
p  =  Absolute  pressure  in  pounds  per  square  inch ; 
a  =  Area  of  orifice  in  square  inches. 
To  my  mind,  a  fan  would  require  only  about  one-half 
the  amount  of  steam  and  at  the  same  time  give  the  fire- 
man much  better  control  over  his  fire. 

E.  E.  Pearce. 
Eochdale,  England. 

W. 

Tlie  sketch  shows  a  device  whicli  I  made  to  true  up 
some  (j-in.  pins.  The  following  describes  its  makeup: 
The  guide  or  supporting  pin  is  secured  to  the  crankpin 
i)y  a  bolt  which  fits  the  hole  in  the  end  of  the  crankpin; 
the  feed  screw  is  tapped  into  the  head  of  the  bolt.  The 
crossbar  B  is  secured  to  studs  .-1  by  pins.  The  knurled 
hand  feed  C  is  made  in  two  parts  in  order  to  assemble 
in  crossbar  B.  Brass  take-up  plugs  D,  tapped  a  snug 
fit,  are  to  hold  the  turning  ring  E  steady.  These  plugs 
should  be  arranged  four  in  a  row  on  the  half  circle.  When 
the  first  plug  has  passed  over  the  end  of  the  crankpin  it 
should  be  brought  to  bear  lightly,  and  when  the  cut  is 
finished  two  should  be  still  resting  on  the  supporting 
pin  F. 

Handfe  for 
turning  ring 

CrankDisk  hotdfoot  Brass  plug  to  take 

P        ,up slack,  Jrorrs  on 
^J-  0  /  half  circle 


The  following  installation  shows  a  condition  which 
puzzled  us  for  some  time.  Water  is  pumped  from  sup- 
ply mains  in  the  basement  of  a  large  office  building  to  a 
sprinkler  tank  on  tlie  roof.  ()ne  feed  line  runs  from  the 
pump  to  the  top  of  the  tank  to  fill  it.     Tlie  other  runs 


Turning  Dkvice 

Four  or  six  handles  can  be  arranged  on  the  circum- 
ference, depending  on  the  size  of  the  pin.     The  tool  will 
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from  the  pump  to  the  s]irinklers  and  to  the  bottom  of  the 
tank.  This  second  line  contaitis  a  check  at  tlie  pump 
and  another  at  the  tank.  The  pamp  check  was  installed 
to  prevent  wasting  the  water  in  case  the  ])ump  valves 
should  not  be  tight.  The  check  at  the  tanlc  makes  it 
possible  to  puni])  into  the  sjirinklers  without  delivering 
water  to  the  tank. 

There  is  a  gage  in  the  sprinkler  line  wiiicli  noiinally 
shows  10.")  lb.,  the  pressure  on  the  line.  Imagine  our  sur- 
prise to  see  this  gage  pressure  increase  to  180  lb.,  with 
the  pump  standing  idle,  all  apparently  due  to  static  pres- 
sure. We  decided  that  the  gage  was  at  fault,  and  re- 
placed it  with  another  wliicli  showed  17.5  lb.  Then  we 
opened  the  pet-cock  for  drainage  and  the  pressure  re- 
turned to  10.5  lb.,  but  it  increas'.'d  again  the  ne.xt  day. 

Knowing  the  height  of  the  building  had  not  changed, 
we  set  out  to  find  the  cause  of  liio  increased  pressure.  It 
seems  that  one  of  the  steam  lines  ran  parallel  with  the 
sprinkler  riser;  the  water  when  heated  by  the  steam  ex- 
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panded,  and  not  being  able  to  escape  on  account  of  the 
check  valves,  it  boosted  the  pressure. 

We  drilled  a  small  hole  through  the  upper  check-valve 
disk  to  relieve  the  pressure  and  still  not  interfere  with 
its  function.     Since  then  we  have  had  no  trouble. 

H.  C.  WicTiT. 

Philadelphia,  Penn. 

lEssaergejacs^  B^epsiar  to  Aslh° 
Moist  E-KagiEae 

Some  years  ago  I  wa^  assistant  engineer  on  a 
steamship"  plving  between  New  York  and  Tampico.  On 
our  arrival  at  Tampico  on  one  trip  it  was  found  that  the 
ash-hoist  engine  would  not  work  on  account  of  broken 
piston  rings.  As  getting  the  ashes  up  bv  '-Armstrong's" 
method  (manual  labor,  in  other  words),  was  a  tedious 
job,  we  removed  the  cylinder  head  and  piston  along  with 
the  broken  rings.  There  being  no  spare  rings  on  the  ship. 
I  used  a  piece  of  hemp  rope  as  a  substitute,  after  soaking 
it  in  cylinder  oil  and  graphite. 

The  piston  after  some  difficulty  wa.s  finally  entered  in 
the  cylinder  and  the  engine  put  together.  It  was  used 
in  this  way  for  one  and  one-half  trips  before  new  rings 
were  put  in. 

A.    EXGLAXD. 

Xcw  York  Citv. 


ii^  lira  a  Me'?^  Cs^airaliipiEa 

Truing  out  the  eye  and  pressing  in  a  new  11-in.  crank- 
pin  on  a  32i4x48-in.  rolling-mill  engine  was  done  in 
the  following  wav : 


Fig. 
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thread  (Xo.  IG),  cut  nearly  its  entire  length,  acted  as  a 
feed  for  the  tool.  The  bar  was  clamptd  between  two 
4x4-in.  hardwood  timbers  which  were  in  turn  clamped 
securely  to  the  crank  disk  with  distance  blocks  between 
(Fig.  1).  The  boring  bar  was  carefully  centered  in  the 
eye  and  squared  with  the  disk.  Turning  the  bar  by 
means  of  a  crank  operated  the  cutters  and  the  feed  at  the 
same  time.  Several  light  cuts  were  required  to  true  the 
hole. 

Pressing  in  the  pin  was  done  with  a  100-ton  Jack, 
which  was  supported,  as  shown,  and  clamped  to  the  crank 
disk  by  heavy  rods  with  two  3x6-in.  steel  billets  set  edge- 
wise for  crosstrees  (Fig.  2).  When  about  the  power  limit 
of  the  jack  was  reached  a  blow  with  a  sledge  on  the  re- 
verse side  of  the  disk  drove  the  pin  home. 

J.  C.  Hawkins. 

Hvattsviile.  Md. 


1®  G^sMets 

It  is  not  uncommon  to  see  manhole  gaskets  deluged 
with  a  preparation  of  graphite  and  cylinder  oil  before 
being  put  in  place.  A  surplus  of  "dope"  is  the  cause  of 
many  leaky  manholes  which  sometimes  means  cooling  the 
boiler  to  replace  the  gasket. 

A  small  amount  of  graphite  .should  be  spread  upon  the 
side  of  the  gasket  which  is  to  go  next  to  the  head;  this 
is  more  to  insure  against  trouble  in  removing  the  plate 
than  for  making  a  good  joint.  Flooding  the  side  of  the 
gasket  which  goes  next  the  ]ilate  \\\\\\  an  oily  mixture 
is  a  mistake. 

In  such  cases  the  gasket  tends  to  slip  off  the  rim.  Un- 
less the  gasket  is  especially  rigid,  all  added  pressure  from 
tightening  will  cause  it  to  slip  from  the  joint.  Many 
gaskets  on  the  market  are  provided  with  all  the  lubricant 
necessary  for  use.  Experience  has  taught  that  a  joint 
wliirli  will  hold  cold  water  will  usually  hold  when  hot 
watei'  and  steam  arc  to  be  resisted.  It  is  not  advisable  to 
]nill  up  too  tightly  on  the  joint  while  it  is  cold.  The 
joint  should  be  watched  while  the  pressure  is  being  raised ; 
a  little  drawing  up  mav  be  needed  when  the  parts  beconu- 
hot. 

Ei)\v AUD  T.  Bixxs. 

riiiladelphia.  Penn. 


A  boring  bar  was  made  from  a  piece  of  shafting  with 
the  cutting  tools  fastened  in  a  slot  about  midwav.     A  fine 


In  operating  centrifugal  pumps  with  jet  condensers, 
there  is  at  times  more  or  less  "surging."  Partictxlarly  is 
this  so  if  the  discharge  pipes  are  long,  as  in  cooling  tow- 
ers, and  they  have  a  number  of  turns.  As  such  installa- 
tions generally  have  the  end  of  the  pipe  submerged,  the 
surging  is  aggravated  by  the  pulsating  water  in  the  hot- 
well.  It  starts  when  the  pumps  are  underloaded,  but 
wlien  once  started  it  will  continue  regardless  of  the  load. 

At  times  not  only  the  pipe  but  the  pump  casing  springs 
with  each  pulsation. 

Bracing  the  pipe  and  strengthening  the  ]uimp  obviates 
to  some  extent  the  danger,  but  it  does  not  remove  the 
cause.  I  have  found  that  one  way  to  overcome  the  trouble 
to  a  great  extent  is  to  have  a  gage  on  the  condenser  and 
to  operate  the  pump  only  fast  enough  to  take  care  of 
the  water:  in  other  words,  regulate  by  the  throttle  ac- 
cording to  tlie  gage  reading. 

John  F.  Hurst. 

Louisville,  Kv. 
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Material  for  rroilucer-Gas  Scruliber — AVhat  kind  of  rilter- 
insT  material  should  be  used  in  a  scrubber  tank  of  a  gas 
producer  using  anthracite   coal? 

E.    C.   A. 

Use  coke  in  the  wet  scrubber  and  excelsior  in  the  dry 
scrubber. 


Kffect  of  Animal  or  Ve«etalile  Oils  in  Keeil  AVntiT — What 
effect  on  a.  Ijoiler  has  the  presence  of  animal  or  vegetable  oil 
in  the   feed  water? 

){.  B. 

Such  oils  contain  fatty  acids  and  upon  decomposiuf;'  will 
cause  pitting,  especially  in  places  where  sludgy  deposits  are 
formed   in   the   boiler. 


Loneer  CutolV,  LewM  I^oail — (in  a  compound  engine  if  the 
low-pressure  cylinder  is  doing  more  than  its  share  of  the 
work,  how  can  part  of  the  load  be  shifted  to  the  higli-pres- 
Eure  cylinder? 

D.   r. 

By  lengthening  the  cutoff  of  the  low-pressure  cylinder 
more  of  the  work  will  be  done  in  the  high-pressure  cylinder. 
For  explanation  of  this  paradox  see  the  article  "Shorter  Cutoff 
Greater  Load,"  by  P.  R.  I^ow,  page  ISO,  Aug.  B,  1912,  issue  of 
"Power." 

Kfflclem-j-  of  lloiirr  Joint — It  the  strength  per  unit  of 
length  of  a  butt  and  double-strap  joint,  double  riveted,  is 
82,500  lb.,  and  the  strength  of  the  solid  plate  for  the  same 
unit  of  length  is  100,547  lb.,  what  would  be  the  efficiency  of 
the    joint? 

I-     P. 
iency    is   the    ratio   of   the   strength   of   the   j..int    to 
trength  of  the  solid  plate  for  the  same  unit  of  length,  i.e., 
100,547 


Th 


((2,500 


per 


■nt. 


Static  Electrlolty — What  is  static  electricity  and  what 
■would  be   the  cause  of  it  in  a  direct-current  generator? 

R.    A. 

Static  (called  also  frictional  electricity)  is  the  electricity 
of  stationary  charges  produced  by  rubbing  together  unlike 
bodies,  such  as  glass  and  silk,  in  which  case  equal  and  op- 
posite charges  are  always  produced.  In  a  belt-driven  gen- 
erator, static  electricity  would  be  caused  by  slippage  of  the 
belt  on  the  pulley.  The  presence  of  static  electricity  is  re- 
vealed by  a  spark  or  other  manifestation  of  sudden  discharge 
taking  place  when  the  static  charge  is  grounded. 


CoeiHcient  of  Friction — What  is  meant  by  coefficient  of 
friction  and  how  does  the  friction  of  solids  vary? 

C.    R. 

The  coefficient  of  friction  is  the  ratio  of  the  force  necessary 
to  slide  one  body  along  anotlier  to  the  pressure  between  the 
bodies  and  varies  with  the  character  of  the  surfaces  rubbeil 
together.  AVith  most  solids,  friction,  within  the  limit  of 
abrasion,  varies  with  the  pressure  and  is  independent  of  the 
extent  of  the  surface,  the  time  of  contact  or  of  the  velocity, 
and  when  the  surfaces  are  lubricated  the  friction  is  deter- 
mined by  the  nature  of  the  lubricant  rather  than  the  nature 
of  the  bodies   which   are   rubbed   together. 

MrthoilK  of  Suiirrbeatlni;  Steam — TIow  is  superheating  of 
steam  usually  accomplished  for  power  purposes? 

C.  R. 

•Steam  is  superheated  by  heating  saturated  steam,  away 
from  water  to  a  higher  temperature  than  its  boiling  point 
without  changing  the  pres.sure,  and  for  power  purposes  the 
saturated  steam  i.s  usually  heated  in  Its  passage  through  pipe 
coils  (1)  placed  in  the  breeching  between  the  boiler  and 
chimney,  or  (2)  placed  In  the  boiler  setting  to  obtain  heat 
from  the  furnace  gases  before  they  leave  the  boiler,  and 
sometimes  before  they  strike  the  boiler,  or  (3)  placed  In  an 
Independent  setting  and  separately  fired. 


to  forward  motion  of  the  engine  might  result  from  ignition 
induced  by  particles  of  carbon  or  projecting  parts  having 
become  heated  from  regular  running  of  the  engine  and  which 
had  reached  a  temperature  favorable  to  ignition  at  the  time 
tlie  battery  was  disconnected,  but  the  combination  of  con- 
ditions would  rarely  be  favorable  to  continue  this'  runniniit 
any   length   of  time,   preignition   being   likely   to   result. 


rontlnued  Runnlnic  of  4>aHoilne  Rniclnr — Why  does  a  gaso- 
line engine  continue  to  run  after  the  battery  Is  disconnected? 

J.   M.    D. 

f<mtlnued  running  Is  usually  due  to  expenditure  of  energy 
stored  up  In  the  flywheel.     Continuance  of  explosions  favorable 


Evaporation  and  Cooling — What  occurs  when  evaporation 
from  a  surface  makes  it  feel  cooler,  and  why  should  air  put  in 
motion  by  a  fan  evaporate  moisture  any  faster  at  higher 
velocities   than    at   lower   velocities? 

J.   W.   D. 

Up  to  its  point  of  saturation,  which  varies  with  temper- 
ature and  pressure,  atmospheric  air  in  contact  with  a  liquid 
will  absorb  moisture,  which  is  liberated  from  the  liquid  as 
vapor  by  the  process  of  evaporation  and  heat,  called  the  latent 
heat  of  evaporation,  is  always  absorbed  by  a  vapor  in  its 
passage  from  the  liquid  to  the  gaseous  state.  If  the  liquid 
does  not  receive  heat  as  rapidly  as  it  is  absorbed  in  the 
process  of  evaporation,  then  the  temperature  falls  and  the 
cooling  is  greater  as  the  evaporation  is  more  rapid.  Hence, 
with  higher  velocities  of  air  set  up  by  a  fan,  the  cooling  is 
greater  as  the  increased  rate  at  which  the  air  is  presented  is. 
accompanied  by   more    r-apid   evaporation. 


Noi8T    Exhaust 

'xhaust    ^"alves 


Viil 

f    a    1 


vcs — How   ca 
Corliss    engir 


L-lattering  noise   of  tlie 
prevented? 

C.  G. 
The  noise  is  generally  due  to  a  valve  being  raised  from  its 
seat  by  pressure  in  the  exhaust  passages  in  excess  of  pressure 
in  the  cylinder,  as  when  expansion  in  an  underloaded  non- 
condensing  engine  takes  place  below  the  pressure  of  the 
atmosphere.  The  remedy  is  to  supply  the  engine  with  steam 
at  lower  initial  pressure  by  reducing  the  boiler  pressure  or  by 
throttling,  so  as  to  raise  the  terminal  pressure.  If  it  is  im- 
practical to  reduce  the  initial  pressure,  the  terminal  pressurs 
can  be  increased  and  the  noise  will  usually  be  stopped  b.v 
slightly  opening  the  indicator  cocks  or  by  connecting  tcgethe." 
the  indicator  connections  of  opposite  ends  of  the  cylinder 
with  a  valve   or  cock   between   them   nearly  closed. 


Pounding  of  Power  Pump — What  would  cause  poundinp;  in 
a  duplex  power  pump  when  used  as  a  boiler  feeder  receiving 
water  from  an  open  heater,  and  how   can  it  be  remedied? 

J.  G    L. 

Backlash  or  lost  motion  from  wi<;r  of  ourts  would  cause- 
hammering  at  each  reversal  of  strolve.  which  could  b;  rei.> 
edied  by  taking  up  or  refitting  the  crankshaft  an'i  connecting- 
rod  bearings.  Pounding  of  a  piston  or  plunger  occurs  durinfc 
the  discharge  stroke  if  the  cylinder  has  net  been  ccmpletely 
filled  with  water  during  the  suction  stroke  due  to  r.isufflciency 
of  the  suction  head  and  sizes  of  suction  passages  for  the 
given  rate  of  piston  displacement.  Piston  pounding  can  gen- 
erally be  reduced  with  practically  no  change  of  pumping 
capacity  by  running  the  pump  at  a  slower  speed  or  may  be 
reduced  with  an  increase  of  pumpage  by  lowering  the  pump 
and  by  increasing  the  sizes  of  the  suction   passages. 


MeaHuring  Cylinder  CU'nrnnce — What  is  the  best  method 
of  determining  cylinder  clearance  of  a  Corliss  engine? 

G.   W.   B. 

Set  the  engine  on  the  center  with  the  piston  in  the  cylin- 
der end  where  the  measurement  Is  to  be  taken.  Remove  the 
steam  valve  and  fill  the  clearance  space  with  water  poured 
into  the  open  port,  drawing  the  water  from  a  receptacle  con- 
taining a  quantity  of  water  previously  weighed  or  measured. 
When  the  whole  space,  including  the  port,  Is  completely  filled, 
the  quantity  remaining  in  the  receptacle  Is  to  be  weighed  or 
measured  to  ascertain,  by  difference,  the  amount  which  has 
been  poured  into  tho  port.  Any  water  lost  by  leakage  of 
the  exhaust  ports  or  piston.  If  small,  may  be  accounted  foT- 
by  observing  the  rate  of  flow  required  to  keep  the  port  filled. 
.\t  ordinary  temperatures  the  weight  of  water  may  he  taken 
as  0.03609  lb.  per  cu.In.  (the  weight  at  B2  deg.  p.)  The  num- 
ber of  cubic  inches  of  water  required  to  fill  the  clearance 
space  multiplied  by  100  and  divided  by  the  piston  displace- 
ment in  ruble  Inches  will  bo  the  per  cent,  clearance  of  the 
end  of  the  cylinder  measured. 


32  P  0  W  E  R  Vol.  40,  No.  1 

a„„i,i„iiiiii,„ mini iiiiiiiiiiiiiiiiiiiiii iiinniii r iiiiiii i iiii iiiiiiiii i m\ iiiiiii iiiiiiiniiimniiiiiiiin nniiiiii iiiiiiii iiiiiniiiiin iii in iiiiiiiiiiiiiiiiiiuiiiiiiimi iiiii mg 


^misE'sinieeF©^ 


)todl^  Co^r^ 


Siiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiniiiiiniiniiiiiiiiiiiiiiiimiiniiiiiiii i iiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim iiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiniiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 


Last  Lessox's  Axswirs 

66.  The  force  of  friction  will  be  the  greatest  when 
the  normal  pressure  between  the  crosshead  and  the  guide 
is  a  maximum.  This  will  occur  when  the  crank  makes 
an  angle  of  90  deg.  with  the  horizontal,  as  shown  in  Fig. 
10,  Lesson  III,  where  the  normal  pressure  is  given  by 
the  line  ON,  assuming  cutoff  not  before  half-stroke. 

67.  (a)  The  motion  of  the  crosshead  is  variable,  as  it 
moves  first  in  one  direction,  then  stops  for  an  instant, 
and  immediately  moves  in  the  opposite  direction.  Its 
motion  might  also  be  called  reciprocating,  since  the  direc- 
tion of  the  motion  changes  with  every  stroke. 

(b)  The  crankpin  has  uniform,  rotary  motion. 

(c)  A  point  on  the  rim  of  the  fl■\■^vheel  has  unifonn, 
rotary  motion.  It  might  further  be  classified  as  con- 
tinuous motion. 

68.  In  one  revolution  of  the  engine  the  piston  makes 
two  strokes  or  moves  througli  a  distance  of 

•,l  X  18  =  36  in.,  or  3  ft. 
If  the  engine  makes   250   r.p.m.,  the  piston  speed   will 
equal  250   X   3   =   750  ft.  per  min. 

69.  The  velocity  of  the  crosshead  is  variable,  since 
it  changes  from  zero,  when  the  engine  is  on  dead  center, 
to  a  maximum,  when  the  crank  and  connecting-rod  are 
nearly  at  right  angles,  and  then  back  to  zero  when  the 
engine  reaches  the  other  dead  center.  The  velocity  of 
the  crankpin  shotild  be  uniform,  especially  in  engines  di- 
rectly connected  to  generators,  where  uniform  rotation 
is  essential  to  constant  voltage. 


Fk;.  oT. 


70.     Four  miles  jier  hour  is  equivalent  to 
4  X  5280  =  21,120  ft.  per  Ivr. 

which  reduced  to  feet  per  minute  is  — 1^-=—  = 


352. 


Therefore,  since  the  fireman  can  walk  at  the  rate  of  353 

250 
ft.  per  min.,  it  will  take  him^^  =  about  f  of  a  min. 

to  cross  the  boiler  room. 

Composition  and  Resolution  of  Velocities 

A  velocity,  like  a  force,  may  be  represented  graphically 
in  magnitude  and  direction  by  a  straight  line,  drawn  to 
a  given  scale,  and  having  an  arrow-head  placed  at  the 
end  of  the  line  to  indicate  the  direction  of  the  velocity. 


Thus  if  the  line  OB  (Fig.  ■")7)  is  2  in.  long,  and  1  in. 
represents  20  ft.  per  sec,  the  body  .1  will  have  a  velocity 
of  40  ft.  per  sec.  in  a  direction  of  30  deg.  to  the  horizontal 
reference  line  OX. 

Again,  as  for  a  force,  a  velocity  may  be  resolved  into 
any  number  of  components.  For  convenience  in  dealing 
with  problems,  velocities  will  be  resolved  into  their  hori- 
zontal and  vertical  components.  Velocities  acting  to  the 
right  or  upward  will  be  considered  as  positive,  and  those 
acting  to  the  left  or  downward  as  negative.  The  com- 
ponent of  a  velocity  is  the  rate  at  ivhich  the  given  body  is 
traveling  in  the  direction  of  the  component.  As  an  ex- 
ample, assume  a  train  traveling  due  northeast  at  the  rate 
of  40  miles  per  hour.  Let 
this  velocity  be  represented 
by  the  line  OB  (Fig.  58), 
making  an  angle  of  45  deg. 
with  tlie  horizontal  refer- 
ence line  OX.  From  the 
jioiut  B  drop  the  pei-pendic- 
uhir  BM,  forming  the  in- 
tercept OM  on  the  line  OX. 
In  like  manner  find  the 
intercept     ON.     Then     the 


Fig.  58. 

line  OM  will  represent  the  rate  at  which  the  train  is 
traveling  east,  and  the  line  ON  will  give  the  rate  at  which 
the  train  is  traveling  north.     But 

OM  =  OB  X  cos  4.-)  deg.  =  40  X  0.707  = 
28  miles  per  hour 
Likewise     ON  =  OB  X  ><in-  45  deg.  =  40  X  0.707  = 

28   miJes  per  hour 
which  means  that  at  the  end  of  one  hour  the  train  will 
be  28  miles  east  of  its   original  position  and   28   miles 
north.     During  the  hour  it  has  gone  40  miles  in  the  di- 
rection indicated  by  the  line  OB. 

Formulas  (1)  and  (2)  given  under  Lesson  I  may  be 
used  for  finding  the  horizontal  and  vertical  components 
of  a  velocity. 

Rescltaxt  Velocity 

TJie  retiiltant  of  two  or  more  velocities  is  a  single  veloc- 
ity that  will  produce  the  same  motion  of  a  body  as  the 
combined  action  of  the  other  velocities.  If  the  velocities 
are  parallel  and  in  the  same  direction  the  resultant  veloc- 
ity will  equal  the  sum  of  the  two  velocities.  Thus  sup- 
pose the  conductor  of  a  train  walks  toward  the  forward 
end  of  the  car  at  four  miles  per  hour,  and  at  the  same 
time  the  train  is  moving  at  36  miles  per  hour.  Wlien 
the  conductor  stands  still  the  train  carries  him  36  miles 
per  hour,  but  when,  in  addition,  he  walks  four  miles  per 
hour,  he  has  a  velocity  of  36  -f  4  =  40  miles  per  hour 
relatire  to  the  earth.  If  the  conductor  walks  toward  the 
rear  of  the  train  he  will  have  a  velocity  of  36  —  4  =  32 
miles  per  hour  relative  to  the  ground. 
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To  illustrate  the  method  of  finding  the  resultant  of  two 
velocities,  take  an  overhead  traveling  crane  in  the  turbine 
or  engine  room  of  any  large  power  plant.  Let  the  line 
OX  (Fig.  59)  represent  the  center  line  of  the  crane,  and 
the  line  OV  the  direction  the  crane  moves  in  passing 
down  the  room.    Assume  the  crane  as  stationary,  and  sup- 


FiG.  59 

pose  a  workman  crosses  the  girder  of  the  crane  at  T  ,  ft. 
per  sec,  or  at  th.e  end  of  a  certain  number  of  seconds 
(say.  T)  he  arrives  at  the  point  B.  Again,  suppose  the 
work-man  stands  at  the  point  0  on  the  crane  which  is  now 
moving  down  the  room  with  a  velocity  of  T\  ft.  per  sec, 
and  at  the  end  of  T  sec.  arrives  at  the  point  C.  Xow  let 
the  workman  start  at  the  point  0  and  walk  along  the 
girder  with  a  velocity  of  Fa  ft.  per  sec,  and  at  the  same 
time  let  the  crane  move  down  the  room  with  a  velocity 
of  Fi  ft.  per  sec.  At  the  end  of  T  sec.  the  man  arrives 
at  B  on  the  crane,  but  this  point,  due  to  the  velocity  of 
the  crane  has  been  moved  to  D.  Therefore,  the  man,  due 
to  the  combined  action  of  his  own  velocity  and  that  of 
the  crane,  has  arrived  at  D.  If  both  man  and  crane  had 
moved  for  T/2  sec,  at  the  end  of  this  time  the  man  would 
be  at  E.  It  must  be  evident  that  the  points  D  and  E 
lie  on  the  same  straight  line  OD  which  is  the  diagonal  of 
the  parallelogram  OCDBO.  If  another  man  started  at 
the  same  time  as  the  crane  and  walked  in  a  direction  OD 
with  a  velocity  of  OD  ft.  per  sec,  he  would  be  directly 
under  the  man   walking  on  the  crane  girder,   overhead. 


velocity  represent  a  second  velocity  of  T'^  ft.  per  sec.    The 
resultant  velocity  will  be  given  by  the  equation, 

Vr  =  V  r\  +  V\  +2XV^XV^X  cos  a  (28) 
The  proof  for  this  equation  is  similar  to  the  proof  of 
equation  (5)  given  in  Lesson  II. 

A  body  may  have  several  simultaneous  velocities  not 
necessarily  in  the  same  plane.  For  example,  take  a  body 
being  raised  by  a  traveling  crane.  At  the  same  time  the 
body  is  moving  upward  with  a  given  velocity,  it  may  also 
have  a  velocity  due  to  the  motion  of  the  crane  across  the 
shop,  and  another  velocity  due  to  the  motion  of  the  trolley 
across  the  girder  of  the  crane.  The  velocity  of  the  body 
relative  to  the  floor  of  the  shop  is  tlien  the  resultant  of 
three  velocities. 


In  other  words,  the  diagonal  OD  rei)resents  the  resultant 
velocity  of  the  comltined  velocities  V^  and  T',.  This  state- 
ment could  be  proved  equally  well  if  the  angle  COB  was 
either  acute  or  obtuse. 

From  the  foregoing  discussion  the  following  law  known 
as  the  parallelogram  of  velocities  may  be  stated.  If  two 
vehritifx  artinfj  on  n  hodi/  at  fhe  same  time  ran  he  repre- 
sented in  mnijnitude  and  direriion  hi/  the  sides  of  a  paral- 
lelogram, the  resultant  velority  will  be  represented  in 
magnitude  and  direction  by  the  diagonal  of  the  parallelo- 
gram drawn  through  the  point  of  intersection  of  the  two 
aides  representing  the  given  velocities.  Thus  in  Fig.  GO, 
let  the  line  OA  represent  a  velocity  of  Fj  ft.  per  sec.  and 
the  line  OB  making  an  angle  of  a  deg.  with  the  first 


Fig.  61. 

In  Fig.  61  let  the  line  OB  equal  the  velocity  Fj  wath 
which  the  crane  is  traveling,  the  line  OC  equal  the  veloc- 
ity Fa  with  which  the  trolley  is  moving,  and  the  line  OD 
rei)resent  the  velocity  V^  with  which  the  body  is  being 
lifted.  The  diagonal  OE  is  the  resultant  of  the  two  veloc- 
ities Fi  and  T'j.  This  resultant  combined  with  the  velocity 
F3  gives  the  final  resultant  velocity  OR,  whose  value  is 
found  as  follows : 


OE 

also 

hence 
and 


'  =  0B  +  BE  (since  angle  COB  is  90  deg.) 

=  OB  +  OC   (since  BE  =  OC) 
0R  =  OE  ■]-  ER  (since  angle  OER  is  90  deg.) 
=  OE-lr  OD     (since  ER  =  OD) 
on  =  OB  +  OC  +  OD  =  Fr  +  V^  +  F,= 

(•29) 


OR  =  VF,2  +F/  -1-F/ 

Study   (Jif.stioxs 

;i.     The  stroke  of  an  engine  is  12  in.     If  the  engine 

makes  300  r.p.m..  find  the  velocity  of  the  crosshead  when 

the  crank  makes  an  angle  of  45  dog.  with  the  horizontal. 

The  length  of  the  connecting-rod  is  30  in. 

72.  A  man  rows  a  boat  with  a  velocity  of  si.x  miles  per 
hour.  The  stream  (lows  at  two  miles  per  hour.  At  what 
angle  must  the  man  ])oint  his  boat  so  as  to  land  at  a  point 
directly  oi)posite  his  starting  place? 

73.  With  what  velocity  will  he  cross  the  stream? 

74.  If  the  stream  is  1000  ft.  wide,  how  long  will  it 
take  him  to  row  across  ? 

75.  A  load  is  being  hoisted  at  200  ft.  per  min.,  by  a 
crane  which  is  traveling  at  50  ft.  i)er  min.  At  the  same 
time  the  trolley  is  crossing  the  crane  at  75  ft.  per  min. 
Find  the  velocity  of  the  load  relative  to  the  ground. 
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By  HERMANN  HENRY  ALBERS 


It  has  been  well  said  that  "the  history  of  modern  industrial 
progress  is  the  history  of  increased  efficiency  in  production." 
In  large  technical  enterprises,  the  highest  efficiency  is  at- 
tained only  by  judicious  management,  cooperation,  and  the 
prudent  selection  of  those  mechanical  devices  designed  to 
reduce  manual  labor  and  to  obviate  the  human  factor.  Effi- 
ciency, probably  more  than  anything  else,  has  supplied 
the  incentive  for  modern  refinement  in  the  manufacture  of 
thermometric  instruments  and  devices,  and  today  there  are 
instruments  on  the  market  which  will  not  only  measure  but 
also  record,  with  a  high  degree  of  accuracy,  any  temperature 
encountered  in  the  industrial  arts. 

The  measurement  of  temperature  is  of  the  utmost  import- 
ance in  the  industries.  On  the  one  hand,  certain  processes 
and  reactions  occur  only  within  a  definite  range  of  tempera- 
ture, while,  on  the  other  hand,  a  deviation  from  a  certain 
temperature  may  represent  a  loss.  Progressive  manufac- 
turers and  engineers  in  every  field  of  production  realize  that 
temperature-controlling  devices  are  conducive  to  a  more  uni- 
form and   better  product,   and   are   promotive   of  economies. 

The  name  "thermometer,"  from  its  Greek  derivatives 
"thermos"  (heat)  and  "metron"  (measure),  suggests  its  use 
as  a  measure  of  temperature.  As  yet.  no  satisfactory  defini- 
tion of  temperature  has  been  given.  It  might  be  defined  as  a 
measure  of  the  tendency  for  one  body  to  transmit  heat  to 
another. 

The  unit  of  temperature  measurement  generally  used  by 
American  engineers  is  the  Fahrenheit  degree,  which  may 
for  the  present  be  defined  I  in  terms  of  the  secondary  standard) 
as  equal  to  'Aso  part  of  the  apparent  expansion  of  mercury  be- 
tween the  point  of  fusion  of  ice  and  that  of  the  ebullition  ot 
pure  water  under  normal  pressure  (29.921"  Hg).  The  Centi- 
grade system,  fast  coming  into  general  use,  divides  the  dila- 
tation of  a  column  of  mercury  between  the  above  mentioned 
points  into  100  parts  instead  of  ISO,  while  the  Reaumur  scale 
(extensively  used  in  the  fermentation  industries)  employs  80 
subdivisions.  The  Fahrenheit  scale  assumes  the  melting  point 
of  ice  as  32  degrees,  whereas  the  others  take  this  point  as 
0  degrees.  The  following  formulas  may  be  used  in  transfer- 
ring from  one  scale  to  another: 

F   =    V.   R   -1-    32    =   »A  C    +    32. 

C    =   =/»   (F  —  32)    =    V.   R- 

R    =    '/s    (F  —   32). 

In  order  to  measure  temperatures,  those  properties  of  mat- 
ter are  utilized  which  are  functions  of  the  intensity  of  the  heat 
to  which  they  are  subjected.  Thus,  lineal  expansion,  cubical 
dilatation,  the  thermo-electric  force  at  the  junction  of  two 
unlike  metals,  the  electrical  resistance  of  a  conductor,  the 
fusion  points  of  different  materials,  the  variable  emissive 
power  of  bodies  at  high  temperatures — all  these  and  many 
other  properties  are  employed  in  the  design  of  modern  ther- 
mometric instruments. 

The  various  devices  employed  for  measuring  temperatures 
may  thus  be  briefly  classified  according  to  the  basic  principles 
upon  which  they  operate: 

(1)  Gas  thermometers,  which  utilize  the  elastic  property 
of  the  "flxed"  gases. 

(2)  Liquid  expansion  thermometers,  such  as  the  ordinary 
mercurial  instrument. 

(3)  Liquid  pressure  pyrometers,  which  measure  the  pres- 
sure exerted  by  confined  liquids. 

(4)  Expansion  pyrometers,  which  employ  the  unequal 
ratio  of  expansion  of  two  different  metals. 

(5)  Calorimetric  methods,  in  which  use  is  made  of  the 
known  specific  heats  of  various  substances. 

(6)  Fusion  methods,  employing  the  melting  points  of  dif- 
ferent materials. 

(7)  Electrical  pyrometers,  in  which  either  the  varying 
resistance  of  a  metal  or  the  e.m.f.  of  a  thermo-couple  is 
measured. 

(8)  Thalpotasimeters.  instruments  utilizing  the  increase 
in  vapor  tension   of  a  liquid. 

(9)  Optical    and   radiation    methods,    in    which    either    the 


•Abstract  of  a  paper  entitled  "Devices  and  Methods  for 
Measuring  High  and  Low  Temperatures,  with  Special  Refer- 
ence to  Engineering  Problems."  for  which  the  author  was 
awarded  the  Stillman  Prize  in  Applied  Technology,  open  to 
competition  by  members  of  the  class  of  1914,  Stevens  Institute 
of  Technology. 


intensity   of  light   emitted   by  a   hot   body   is  measured   photo- 
metrically,   or    the    total    radiation    (i.e.,    long   waves   which    do  1 
not  affect  the  eyes  as  well  as  the  short  light  waves)   is  deter 
mined. 

While  the  means  for  measuring  temperatures  are  quite 
numerous,  it  has  been  found  that  for  a  specific  case  usually 
only  one,  or  pei'haps  two,  of  the  above  classes  serves  the  pur- 
pose best.  Thus,  the  industrial  engineer,  employing  ther- 
mometric instruments,  should  not  only  have  a  knowledge  of 
the  various  instruments  on  the  market,  but  he  should  also 
know  the  advantages  inherent  in  the  use  of  a  particular  ap- 
paratus. Further,  man.v  of  the  advantages  claimed  for  the 
instruments  as  listed  in  the  catalogs  and  expounded  by  sales- 
men, who  only  too  often  are  actuated  solely  by  a  mercenary 
motive,  are  wholly  illusory,  and  it  requires  the  technical  train-' 
ing  and  all  the  special  knowledge  an  engineer  may  have  on 
this  subject,  to  discriminate  between  the  real  and  these 
imaginary  advantages.  It  is  with  this  idea  in  mind  that  the 
writer  has  given  a  description  of  the  various  instruments, 
adding  only  enough  theory  to  make  the  principle  of  operation 
more  intelligible. 

STANDARD  THERMOMETRIC  SCALE 
The  temperature  scale  has  already  been  defined  in  terms  of 
the  mercury  thermometer.  On  account  of  the  variable  co- 
efficients of  expansion  of  different  qualities  of  glass,  the 
definition  of  a  standard  thermometric  scale  in  this  manner  is 
extremely  difficult,   if  not  impossible. 

Theoretically,    the    thermodynamic    scale    devised    by    Lord 
Kelvin  is  ideal.     Based  on  the  principle  of  Carnot's  cycle,  tem- 
peratures   measured    on     this    scale    are     independent     of    the 
nature  of  the  substance  used.     Thus 
Ts  Q, 

T,    "    Qi 

That  is.  the  ratio  of  the  heat  absorbed  to  the  heat  rejected 
by  an  ideal  heat  engine  is  equal  to  the  ratio  of  the  respective 
absolute  temperatures.  This  reduces  the  definition  of  temper- 
ature to  the  fundamental  units  of  length,  mass,  and  time, 
since  Q^  and  Qi  can  be  measured  in  terms  of  heat  energy, 
which,  by  the  laws  of  thermodynamics,  is  proportional  to 
work.  This  scale,  however,  is  unpractical  and  recourse  must 
be  had  to  some  other  method. 

The  elastic  properties  of  gases  were  early  recognized  as  a 
possible  means  of  temperature  measurement.  The  laws  of  Boyle 
and  Charles,  expressed  mathematically  in  equation  (1),  show 
the  relation  between  the  volume,  pressure,  and  temperature 
of  a  definite  mass  of  an  ideal  gas.     Thus 

p  V   =   m  R  T 
in   which   m    equals   the   mass  of   the   gas. 

stant,  the 

T 
of  melting  ice. 

If  Po.  V(i,  Til  represent  the  state  ot  m  lb.  of  a  gas  at  the 
fusion  point  of  ice.  and  p.  v,  T  any  other  state,   then  we  have 


(1) 
ind   R  the   gas  con- 


If  the  volume 


p  V    =   m  R  T 
p„  Vo  =    m  R  To 


fiains  constant,  then 


(2) 
(3) 


ikcwise.   the   pressure   remaining  constant 


To 


(6) 

If  the  degree  Centigrade  is  taken  as  the  unit  of  measurement, 
the  value  of  To  as  determined  by  accurate  experiments  will  be 
close  to  273.  In  other  words,  the  absolute  zero  of  temperature 
is  273  degrees  below  the  melting  point  of  ice  measured  on  the 
Centigrade  scale. 

Gas  thermometers  working  upon  the  principles  expressed 
by  equations  (5)  and  (6)  are  known,  respectively  as  constant- 
volume  and  constant-pressure  thermometers.  Providing  the 
same  fixed  reference  points  are  used,  the  gas  scale  and  the 
thermo-dynamic  scale  are  identical. 

HYDROGEN    THERMOMETER    THE    STANDARD 
Theoretically,    any    permanent    gas    may    be    utilized.      Reg- 
nault,  however,  in  his  classic  experiments  on  gases,  found  that 


July  7,  1914 


P  0  W  E  R 


35 


Boyle's  law  was  not  rlgrorously  exact,  and  that  it  was.  there- 
fore, impossible  to  select  a  gas  "irrespective  of  nature,  pres- 
sure, or  mode  of  dilatation  employed.'*  The  same  experi- 
menter also  determined  the  pressure  and  volume  coefficients 
of  the  different  gases  and  discovered  that  the  pressure  co- 
efficients for  Ho  N3.  and  CO  at  constant  volume  were  practi- 
cally identical,  and  also  that  the  variation  of  this  coefficient 
for  H  at  constant  volume  was  inappreciable.  For  this  reason 
the  hydrogen  gas  thermometer  was  accepted  as  the  standard 
and  defined  Oct.  15,  1SS7.  by  the  International  Committee  on 
Weights   and    Measures   as   follows: 

The  International  Committee  on  Weights  and  Measures 
adopts  as  the  standard  thermometric  scale  for  the  interna- 
tional service  of  "weights  and  measures  the  Centigrade  scale 
of  the  hydrogen  thermometer,  having  as  fixed  points  the  tem- 
perature of  melting  ice  (0  deg.)  and  of  the  vapor  of  distilled 
water  boiling  (100  deg.)  at  standard  atmospheric  pressure,  the 
hydrogen  being  taken  at  an  initial  manometric  pressure  of 
one  meter  of  mercury — that  is  to  say.  1000  H-  760  =  1.3158 
times    the    standard    atmospheric    pressure. 

This  definition  of  the  temperature  scale  is  today  univer- 
sally accepted  as  the  standard  of  reference  between  the  inter- 
val of  0  and   100  deg.  C. 

[The  author  gives  very  creditable  descriptions  and  illustra- 
tions of  the  principal  types  of  thermometric  instruments, 
which  are  manufactured  for  engineering  purposes,  concluding 
his   thesis  as   follows: — Editor.] 

SUMMARY 

What  is  the  best  thermometric  method?  A  single  answer 
to  this  question,  so  frequently  asked,  is  obviously  impossible 
since  the  availability  and  choice  of  thermometric  methods 
depend    upon    the    conditions    involved    in    particular    problems. 


The  following,  however,  may  be  taken  in  a  general  wr.y  as 
a  criterion  relative  to  the  behavior  of  the  more  important 
instruments  just  described  in  respect  to  range,  calibration  and 
precision. 

For  temperatures  within  the  interval  of  — 30  to  400  deg.  F.. 
the  mercury  thermometer  is  recommended  where  conditions 
permit;  it  is  cheap,  accurate  and  simple.  Where  temperatures 
are  to  be  controlled  from  some  central  point,  or  are  to  be  re- 
corded, the  resistance  thermometer  presents  considerable  ad- 
vantages. It  can  be  used  with  great  precision,  will  rapidly 
indicate  small  variations  in  temperature  and  can  be  employed 
from  absolute  zero  to  1300  deg.  F.  For  temperatures  up  to 
3000  deg.  F.,  the  platinum  thermocouple  is  quite  generally 
accepted.  The  base  metal  couple,  on  account  of  its  low  initial 
cost,  gives  an  instrument  suitable  for  many  thermal  opera- 
tions between  500  and  1300  deg.  F.  Where  the  temperature  is 
higher  than  3000  deg.,  or  where  the  object  operated  upon  is 
inaccessible,  it  being  in  motion,  the  radiation  and  optical 
pyrometers  are  without  substitutes.  The  latter  may  be  ob- 
tained in  slightly  more  portable  form  and  can  usually  be 
focused  quicker  upon  the  body  under  consideration  than  the 
radiation  pyrometer,  but  its  readings  are  dependent  to  a  cer- 
tain extent  upon  the  personal  factor  of  the  observer.  The 
radiation  type  is  purely  mechanical  in  operation  but  is  gener- 
ally  more   expensive. 

In  conclusion,  it  may  be  stated  that  there  is  no  universal 
thermometer  or  pyrometer  which  can  be  used  for  all  pur- 
poses. To  give  satisfactory  results  each  case  should  be  con- 
sidered by  itself,  and  the  instrument  employed  should  be 
adapted  for  the  special  purpose. 
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SYNOPSIS — Many  attempts  have  been  made  to  use  pul- 
verized  coal  as  a  fuel  under  boilers,  but  few  have  per- 
sisted, and  a  small  proportion  of  the  coal  used  for  steam 
making  is  burned  in  fliis  way.  The  article  mentions  some 
of  the  earlier  attempts  and  describes  some  of  the  systems 
ujion  which  present  effort  is  being  expended.  The  propor- 
tionately large  surface  exposed  by  the  finely  comminuted 
fuel  for  oxidation  makes  perfect  smokeless  combustion 
with  a  minimum  air  supply  possible.  Combustion  under 
such  conditions  results  in  an  un-^up portable  furnace  tem- 
perature. If  this  is  reduced  by  Increasing  the  excess  air, 
efficiency  is  sacrificed;  if  by  reducing  the  amount  of  fuel 
fed,  capacity  is  limited.  The  overall  advantage  of  this 
over  the  less  expensive  stoking  methods  in  common  use  is 
yet  to  be  proved. 


lished  accounts  of  the  various  trials  are  full  of  promise  and 
apparent  accomplishment,  but  few  of  the  processes  have  per- 
sisted, and  only  a  small  proportion  of  the  coal  used  in  steam 
making  is  fired  in  this  way. 

There  have  been  three  broad  types  of  apparatus  produced; 
that  of  which  the  Pinther  (Fig.  1)  is  typical,  where  the 
prepared  coal  is  emptied  into  a  hopper  above  a  feed-con- 
trolling mechanism  and  carried  into  the  furnace  by  the  natu- 
ral draft;  that  having  a  mechanical  feed,  as  the  revolving 
brush  of  the  Schwartzkopff  apparatus  (Fig.  2);  and  that  in 
which  the  coal  is  blown  into  the  furnace,  as  in  the  Day 
or   Ideal   apparatus    (Fig.    3). 

With  the  first  type,  efficiencies  of  from  75  to  SO  per 
cent,  were  obtained,  but  the  capacity  was  limited.  When 
sufficient  draft  was  applied  to  introduce  a  considerable 
amount  of  fuel,  the  velocity  was  such  as  to  carry  uncon- 
sumed  particles  of  coal  into  the  back  connection  and  tubes. 
When  fuel  is  introduced  into  a  powdered  fuel  furnace  at  a 
rate  which  will   give  the   full  rated  capacity  of  the   boiler,   a 


Numerous   attempts    have    been    made    in    the   past   quarter 
century    to   use   pulverized    coal    as   a    boiler    fuel.      The    pub- 


•From   a   paper   before    the    American   Society   of   Mechani 
cal   Engineers  at  Minneapolis.    Minn.,   June   1914. 
tEditor   of   "Power." 
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particle   will   remain   less   than   half  a   second   in   the   combus- 
tion zone  of  an  ordinary  furnace. 

The  first  installation  that  I  ever  saw  for  burning  pulver- 
ized coal  under  a  boiler  was  of  the  rotary  brush  type  and  was 
in  the  late  nineties.  The  apparatus  was  applied  to  a  hori- 
zontal return  tubular  boiler  at  Quincy,  Mass.,  set  in  the 
usual  way.  The  brush  injector  was  placed  at  the  furnace 
door  and  upon  the  grate  was  a  thin  fire  composed  of  coal  the 
size  of  hickory  nuts.  There  was  no  way  of  feeding  coal  to 
this  fire  and  none  was  necessary.  Enough  of  the  coal  failed 
to  be  consumed  in  suspension,  and  fell  and  agglomerated 
Itself  upon  the  fuel  bed  to  keep  it  supplied.  The  powdered 
coal  in  bags  was  dumped  into  the  hopper  above  the  brush. 
The  chimney  was  smokeless,  the  fire  box  cloudy,  but  the  com- 
bustion chamber  full  of  clean  white  flame.  The  apparatus 
never   reached   the  publication   stage. 

When  it  is  suggested  that  an  air  blast  be  used  to  intro- 
duce the  fuel,  the  apprehension  of  an  excess  of  air  is  felt. 
The  relative  volumes  of  equal  weights  of  coal  and  air  are 
about  1:S90.  It  would  hardly  be  expected  to  use  less  than 
la  lb.  of  air  per  pound  of  coal,  so  that  the  relative  volumes 
of  coal   and   air   introduced   would    be 

1  :  (990  X  15)  =  1  :  14,S50 

The  diameter  of  the  globe  of  air  which  would  accompany 
€ach  tiny  particle  of  fuel  into  the  furnace  would  be  f  14,850 
or  over  twenty-four  times  the  diameter  of  the  particle  of 
coal,  so  it  will  be  seen  that  plenty  of  air  may  be  used  for 
fuel  injection  purposes  without  exceeding  the  supply  required 
for  complete  combustion.  In  all  of  the  systems  at  present  in 
use,  the  fuel  is  introduced  in  this  way,  the  blower  usually  be- 
ing so  combined  with  the  pulverizer  that  the  pulverized  coal 
is  blown  into  the  furnace  as  fast  as  it  reaches  the  necessary 
degree   of   fineness. 

That  the  subject  has  not  been  neglected  by  inventors  is 
evidenced  by  the  fact  that  during  the  past  20  years  there 
have  been  23  United  States  patents  issued  for  pulverized  coal 
apparatus. 

The  earlier  attempts  to  utilize  pulverized  coal  were  in 
connection  with  metallurgical  processes.  J.  S.  Dawes  used  it 
in  England,  in  1S31,  in  blast  furnaces,  injecting  it  with  the 
air  through  the  tuyeres.  It  was  proposed  or  tried  in  iron 
works  by  Desboissierres,  in  1846.  by  Mouchel,  in  1854,  and  by 
Mushet,  in  1856.  Somewhat  later,  Crampton  tried  it  in  loco- 
motive  and   other  boilers. 

In  1876,  Chief  Engineer  B.  F.  Isherwood,  U.  S.  N.,  de- 
scribed* a  test  made  by  naval  engineers  under  his  direction  in 
1867  and  1S6S  at  South  Boston,  upon  an  apparatus  devised 
by  James  D.  Whelpley  and  his  partner,  Storer,  for  firing  a 
boiler  in  part  with  pulverized  fuel.  The  boiler  was  of  the 
horizontal  two-flue  type  having  only  299  sq.ft.  of  heating 
surface  and  13%  sq.ft.  of  grate.  A  coal  fire  was  maintained 
upon  the  grate  and  the  pulverized  fuel  fed  in  above  it,  a 
fire  arch  being  used  to  maintain  the  furnace  temperature 
when  the  powdered  fuel  was  used,  but  not  with  the  grate 
alone. 

Tests  were  made  both  with  anthracite  and  semi-bitumin- 
ous coal.  The  highest  rates  of  combustion  attained  were  13. S 
lb.  per  sq.ft.  of  grate  per  hour  for  the  anthracite,  and  14.9 
for  the  bituminous,  referring  all  the  coal  burned,  pulverized 
as  well  as  solid,  to  the  grate  area.  Mr.  Isherwood's  con- 
clusions were  that,  including  the  cost  of  pulverizing,  the 
anthracite  did  a  good  deal  better  and  the  semi-bituminous  a 
little  better,  when  burned  upon  the  grate  in  the  ordinary 
way  than  when  burned  in  part  in  the  pulverized  condition. 

In  the  late  nineties,  D.  Wegener  brought  out  in  Europe 
and  tried  in  this  country  a  natural-draft  system.  Tests 
showed  boiler  efficiencies  of  from  75  to  SO  per  cent.  In  1910, 
J.  E.  Blake  installed  under  a  300-hp.  water-tube  boiler  at 
the  Henry  Phipps  power  plant  in  Pittsburgh,  the  arrange- 
ment shown  in  Fig.  4.  The  pulverizer  served  as  its  own 
blower,  sending  the  pulverized  fuel  mixed  with  air  to  the 
furnace,  where,  in  this  installation,  it  was  introduced  by  a 
series  of  nozzles  extending  across  the  width  of  the  furnace. 
A  little  less  than  the  rated  horsepower  of  the  boiler  was  ob- 
tained  w'ith   an   efficiency   of  about   79    per  cent. 

A  later  form  of  the  Blake  apparatus  was  installed  last 
winter  at  the  Peter  Doelger  Brewery,  in  New  York  City. 
The  powdered  coal  was  delivered  into  the  top  of  an  extension 
furnace  or  dutch  oven,  as  shown  in  Fig.  5.  Smokeless  com- 
bustion and  high  efficiency  were  obtained,  the  principal 
trouble  being  from  slag,  which  accumulated  on  the  roof  and 
sides  of  the  furnace,  and  piled  in  such  masses  upon  the  floor 
that  frequent  shutdowns  were  required  for  its  removal.  As 
much  water  was  evaporated  with  1000  lb.  of  the  pulverized  as 
with    1400    lb.    of    the   natural    coal,    but    the    cost    of   furnace 


maintenance,  the  frequent  laying  off  of  the  boiler  for  the 
removal  of  slag  and  the  cost  of  pulverizing  counteracted,  in 
the  opinion  of  the  operators,  these  advantages  and  the  sys- 
tem  was  abandoned   after  a   trial  of  about  eight   weeks. 

In  1905,  John  B.  CuUiney,  superintendent  of  the  American 
Iron  &  Steel  Mfg.  Co.,  patented  the  controlling  device  shown  in 
Fig.  6.  The  powdered  fuel  is  deposited  in  the  hopper  A, 
filling  the  chamber  B,  when  it  is  carried  forward  by  the  hori- 
zontal screw  conveyor  and  dropped  in  a  continuous  stream 
through  the  chamber  C.  Radial  rods  upon  the  conveyor 
shaft  agitate  the  mass,  and  push  any  foreign  or  uncommin- 
uted  material  which  may  have  been  introduced  with  the 
fuel  out  to  the  sides,  where  swinging  cover  plates  DD  are 
provided  for  its  removal.  Connected  to  each  side  of  the 
chamber  C  is  a  blast  pipe  E,  the  opening  for  which  is  shown 
in  the  longitudinal  section  at  F.  A  current  of  air  flowing 
through  the  pipe  and  across  the  falling  stream  of  pulverized 
coal  picks  up  a  portion  of  it  and  carries  it  to  the  larger  pipe 
G,  where  it  is  taken  up  by  another  air  current  and  carried 
into  the  furnace.  About  one-seventh  of  the  total  air  is  sup- 
plied at  the  smaller  pipe  under  a  pressure  of  about  6  oz.,  the 
remainder  of  that  necessary  to  complete  combustion  being 
supplied  by  the  larger  pipe  under  a  pressure  of  1%  oz.  or 
less.  The  part  of  the  coal  which  is  not  taken  up  by  the 
blast  is  returned  to  the  upper  chamber  by  the  inclined  screw 
of  coarser  pitch,  and  carried  forw'ard  again  through  the 
same  process.  Regulation  of  the  speed  of  the  conveying 
screws,  and  of  both  air  supplies,  gives  the  operator  complete 
control  of  the  rate  of  feeding  and  character  of  the  flame. 
This  system  has  found  a  wide  application,  not  only  for  large 
metallurgical  work,  but  for  many  furnaces  where  oil  and 
producer   gas  were   formerly   used. 

This  system  has  been  for  some  time  in  successful  use 
for  shop  processes  at  the  Schenectady  works  of  the  Amer- 
ican Locomotive  Co.,  and  has  recently  been  installed  for 
steam-making  purposes  under  a  300-hp.  Franklin  boiler.  The 
arrangement  is  shown  in  Fig.  7.  The  results,  up  to  this 
writing,  have  been  complete  smokeless  combustion,  no  slag, 
several  furnace  linings  melted  down,  but  inability  to  get 
full  boiler  capacity.  This  is  laid  to  limited  controller  ca- 
pacity, and  larger  controllers  are  being  installed. 

Claude  Bettington,  of  Johannesburg,  South  Africa,  where 
the  price  of  coal  is  high,  attacked  the  problem  by  designing  a 
boiler  especially  for  use  with  pulverized  fuel.  He  took  out 
his  first  patent  in  the  United  States,  but  his  boiler  was  first 
commercially  exploited  in  England.  In  his  boiler  the  feed  ia 
upward,  as  shown  in  Fig.  8,  through  a  water-jacketed  nozzle 
in  the  center  of  a  vertical  furnace.  The  pulverizer  acts  as  a 
blower,  and  the  air  supply  is  preheated.  From  the  pulverizer 
the  coal  passes  to  a  separator,  where  the  larger  particles 
settle  out  and  return  to  be  again  treated,  the  finer  passing  on 
to  the  burner.  The  blast,  about  2  in.,  opposing  gravity,  tends 
to  keep  the  coal  in  suspension,  and  as  a  particle  would  have 
to  pass  twice  the  length  of  the  furnace  (upward  and  down- 
ward) to  escape,  there  is  no  difficulty  in  obtaining  complete 
combustion. 

The  flame  does  not  lift  more  than  10  per  cent,  under  the 
highest  rate  of  feed  which  it  is  practicable  to  employ,  the 
temperature  of  the  furnace  and  of  the  enveloping  gases  being 
increased  enough  to  offset  the  greater  velocity  of  ingress. 
The  tubes  of  the  inner  row  of  the  circular  furnace  are 
covered  with  a  special  refractory  covering  to  within  a  short 
distance  of  the  bottom  header,  making  a  brick-lined  combus- 
tion chamber.  The  special  bricks  are  placed  loosely  around 
the  tubes,  but  soon  become  coated  with  molten  ash  and  slag, 
w^hich  welds  them  into  a  solid  wall,  and  closes  the  crevices 
between  the  lining  and  the  top  header.  The  ash  which  is 
not  so  slagged  to  the  furnace  surfaces,  or  carried  out  by  the 
draft,  drips  into  the  ashpit  below  the  lower  header.  The  de- 
structive effect  of  the  impinging  ffame  upon  the  brickwork  is 
avoided  by  taking  it  upon  the  lower  head  of  the  central  drum, 
or  upon  the  accumulation  of  gas  in  the  upper  end  of  the 
chamber,  the  region  of  greatest  heat  intensity  being  in  the 
core,  while  the  tubes  and  shell  are  subjected  to  the  lesser 
temperature  of  the  somewhat  cooled  gases,  which  have  not 
yet  got  away.  The  radiant  heat  is,  however,  effective  upon 
them  and  the  metal  surfaces  must  be  kept  clean,  and  par- 
ticular care  taken  to  maintain  a  safe  water  level.  One  of 
these  boilers  having  2606  sq.ft.  of  heating  surface  has  been 
running  for  over  four  years  at  the  works  of  the  builders.  It 
evaporates  regularly  14,000,  and  lias  been  worked  up  to  22.- 
000  lb.  of  water  per  hour.  These  rates,  however  (5.4  and  8.4 
lb.  per  sq.ft.  of  heating  surface)  are  attained  with  stoker 
flred  boilers. 

A  contributor  to  "Power"  who  has  had  two  of  these 
boilers  in  charge  says*   that  the  steel  head  of  the  upper  dru-ai 
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burned  through  at  one  time,  probably  clue  to  dirt  collecting 
upon  it;  that  in  spite  of  the  cooling  effect  of  the  tubes  the 
special  bricks  forming  the  furnace  quickly  burn  away.  Care 
must  be  taken  lest  the  lining  burn  through  and  the  gasses  be 
short-circuited.  Although  this  boiler  will  burn  low-grade 
fuel  successfully,  and  while  under  ste«m  is  easily  managed, 
one  fireman  being  able  to  look  after  several  boilers,  these 
advantages  are  largely  offset  in  his  opinion  by  high  main- 
tenance charges. 

The  makers  say  their  experience  has  been  that  a  lining 
will  last  about  two  years,  and  that  even  large  holes  will 
automatically  seal  up.  The  parts  w^hich  require  most  fre- 
quent renewal  are  the  beaters  and  liners  of  the  pulverizer. 
These  are  of  manganese  steel,  and  can  be  replaced  in  about 
two  hours.  The  approximate  life  for  the  beaters  is  1500.  and 
for  the  liners.  2000  tons  of  coal  handled.  A  user,  after  10 
months'  experience,  says  that  the  blades  run  from  1000  to 
1200  hours  per  set,  and  that  the  second  set  of  liners  was  still 
in  use.  The  use  of  heated  air  in  the  pulverizer  allows  coal 
having  15  per  cent,  or  more  of  moisture  to  be  handled  suc- 
cessfully; a  separate  heater  is  recommended  for  large  boilers. 
Two  to  3  per  cent,  of  the  boiler  capacity  is  allowed  for 
pulverizing.  There  was  some  trouble  from  leaky  water 
jackets  putting  the  flame  out,  but  this  has  been  overcome  by 
the  use  of  welded  jackets. 

Tests  of  one  of  these  boilers  showed  an  efficiency  of  S2.G 
per  cent.,  the  coal  having  2.15  moisture,  22. S  volatile,  57.55 
fixed  carbon,  17.5  ash.  The  CO:  is  carried  at  15  per  cent,  in 
regular  practice. 

With  the  ordinary  method  of  burning  coal,  the  grate  with 
its  bed  of  solid  incandescent  fuel  more  or  less  encumbered 
with  ash  and  clinker,  offers  a  considerable,  a  varying,  and  an 
uneven  resistance  to  the  passage  of  air,  rejects  the  incom- 
bustible residuum  with  some  difficulty  and  allows  some  of  the 
unburned  fuel  to  sift  to  the  ashpit  or  to  be  fused  with  the 
clinker.  If  the  fuel  can  be  burned  in  suspension,  many  of 
these  difficulties  disappear  and  the  draft-producing  apparatus 
is  reduced  to  that  which  will  remove  the  products  of  com- 
bustion and  allow  enough  air  to  enter  to  burn  the  required 
amount  of  fuel.  There  still  remains,  however,  the  difficulty 
of  getting  rid  of  the  incombustible.  With  10  per  cent,  ash 
there  will  be  200  lb.  of  refuse  to  be  got  rid  of  with  each  ton 
of  coal  burned.  If  this  is  kept  in  a  pulverized  form  it  is  car- 
ried into  the  back  connection,  the  tubes  and  stack,  and 
scattered  about  the  neighborhood.  If  it  is  fused  it  attaches 
itself  to  the  surfaces  of  the  furnace  and  welds  itself  into 
masses,  occasioning  damage  to  the  brickwork  in  its  removal 
and  comparatively  frequent  layoffs  for  cleaning.  In  one  in- 
stance, the  molten  slag  formed  in  sheets  and  ridges  upon 
the  sides  and  in  stalactites  upon  the  roof  of  the  furnace, 
while  the  floor  was  covered  with  a  plastic  mass,  which  cooled 
when  the  door  was  opened  for  its  removal,  and  could  hardly 
be   got   out   without   material   damage  to  the   furnace. 

The  possibility  of  getting  an  adequate  supply  of  oxygen  to 
the  finely  comminuted  carbon  allows  perfect  and  smokeless 
combustion  with  a  minimum  air  supply,  but  with  rates  of 
combustion  demanded  in  present  practice,  the  result  is  a 
high  temperature  with  erosive  and  reducing  characteristics 
which,  however  good  they  may  be  for  metallurgical  processes. 
are  not  favorable  to  the  longevity  of  a  boiler  furnace.  If  this 
temperature  is  kept  down  by  feeding  less  fuel,  the  capacity 
is  limited,  while  if  kept  down  by  using  an  excess  of  air  the 
economic  advantage  is  sacrificed. 

There  have  been  several  disastrous  explosions  of  the 
prepared  fuel  outside  of  the  furnace,  but  these  can  be  easily 
guarded  against.  Coal,  however  finely  comminuted,  does  not 
contain  the  elements  necessary  for  its  own  combustion,  and  if 
ignited  will  burn  slowly  if  kept  in  a  compact  mass.  It  is 
only  when  it  is  diffused  in  a  cloud  that  the  oxygen  of  the 
atmosphere  can  get  to  it  quickly  enough  to  make  the  rate 
of  combustion  dangerous.  The  pulverized  fuel  can  be  safely 
conveyed  en  masse  in  suitable  holders,  in  screw  conveyors, 
or  In  cars  and  barrows  if  care  is  taken  that  it  shall  not  be 
blown  or  sifted  about  in  a  finely  disseminated  state.  In  those 
systems  where  the  pipe  back  of  the  blower  is  filled  with  an 
explosive  mixture  of  coal  and  air,  the  rate  of  flow  must  ex- 
ceed that  of  the  propagation  of  flame  in  such  a  mixture,  and 
in  shutting  down,  the  coal  supply  should  be  shut  off  first. 
The  pulverized  mass  will  run  like  water,  so  that  the  pitch  of 
chutes,  conveyors,  etc.,  must  be  so  set  as  to  provide  against 
the   flo'wing    of   their   contents. 

While  anthracite  dust  can  be  used  it  burns  more  slowly 
than  coal  higher  in  volatiles,  and  must  be  very  finely  pulver- 
ized. For  most  systems  practically  all  of  the  coal  should  go 
through  a  screen  having  100  meshes  to  the  inch,  and  for 
coals  having  a  small  percentage  of  volatile  or  where  very 
rapid  combustion  is  imperative,  the  coal  is  ground  to  a  fine- 
ness which  will  permit  the  greater  part  of  it  to  pass  through 


a  200-to-the-inch  sieve.  Low-grade  coals  and  coals  having  a 
large  percentage  of  ash  can  be  burned  in  this  w-ay,  but  there 
is  a  limit  to  the  proportion  of  slate  and  bone  that  one  can 
afford  to  grind,  and  an  increasing  proportion  of  ash  means 
increased   trouble   from  dust  and   slag. 

The  earlier  practice  of  taking  up  the  impingement  of  the 
flame  on  a  checkerwork  or  a  heap  of  brickbats  is  out  of 
favor.  It  simplifies  the  process  of  keeping  the  burner  lighted, 
but  burns  too  much  firebrick  and  makes  a  locus  for  the  build- 
ing of  a  slag  heap.  With  an  ordinary  firebrick  furnace  well 
heated  up  there  is  no  trouble  in  maintaining  the  flame  steady, 
and  it  will  reignite  after  having  been  turned  out  for  several 
minutes. 

The   cost   of  pulverizing   and    the   large   initial    cost   of   the 
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drying,  pulverizing,  conveying  and  feeding  apparatus,  to- 
gether with  the  fact  that  coal  of  practically  all  grades  can 
be  burned  with  a  tolerable  degree  of  smokelessness  in  the 
cheaper  apparatus  in  common  use  with  a  degree  of  efficiency 
which  leaves  little  margin  to  cover  the  increased  expendi- 
ture, have  combined  to  restrict  the  use  of  pulverized  coal 
for  boiler  purposes. 

Brotherhood  of  Boilermakers'  ConTention — One  hundred 
and  twenty-five  delegates  from  various  parts  of  the  country 
attended  the  eleventh  biennial  convention  of  the  International 
Brotherhood  of  Boilermakers,  Iron  Ship  Builders  and  Helpers, 
which  began  at  San  Francisco  on  June  9. 
'^: 

WestinehoDMe  Elects  Directors — On  June  10  the  Westing- 
house  Electric  &  Manufacturing  Co.  elected  the  following 
directors  at  the  East  Pittsburgh  plant:  A.  G.  Becker.  Wm. 
McConway,  John  R.  McCune.  George  M.  Verity.  Paul  M.  War- 
burg, H.  H.  Westinghouse,  P.  D.  Cravath  and  J.  N.  Wallace. 
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Electrical  apparatus  is  unfortunate  in  the  use,  as  an  im- 
jortant  material  of  construction,  of  cotton,  paper  and  similar 
ibrous  materials  having  a  weak  mechanical  structure  and 
subject  to  deterioration  at  relatively  low  temperatures.  The 
general  use  of  these  materials  in  electrical  apparatus  has 
ustly  placed  on  it  the  handicap  of  low  operating  tempera- 
ures  and  has  emphasized  the  important  relation  between 
)perating   temperature  and   safe   capacity   and   length   of  life. 

The  temperature  conditions  existing  in  a  large  alternator 
irmature  core  and  winding  are  illustrated  in  Figs.  1  to  3,  the 
irst  representing  a  cross-section  of  a  coil  in  the  end  wind- 
ngs  surrounded  by  air  on  the  four  sides.  Tlie  curve  shows 
:he  temperatures  existing  along  the  line.  The  temperature 
)f  the  copper,  a- — c,  is  shown  to  be  70  degrees  C,  with 
I  slight  drop  toward  the  surface.  A  drop  of  about  30  degrees 
s  shown  through  the  coil  insulation  and  there  is  a  further 
Irop  of  20  degrees  from  the  surface  of  the  insulation  to  the 
iurrounding   air. 

It  is  difficult  to  measure  the  surface  temperature  by  a 
nercury  thermometer  without  changing  the  heat  resistanc 
)f  the  circuit  and  thus  changing  the  temperature  being 
Tieasured.  As  surface  temperatures  are  ordinarily  meas- 
jred.  a  mercury  thermometer  is  placed  in  contact  with  the 
surface  and  the  thermojneter  is  covered  by  an  insulating  pad; 
■.he  effect  of  this  pad  is  shown  in  Fig.  2.  The  copper  tem- 
perature may  be  increased,  more  heat  flows  through  the  in- 
sulation on  the  uncovered  side  of  the  coll  (resulting  in  the 
larger  drop  shown)  and  a  still  greater  part  of  the  heat  flows 
s  resistance  adjacent  to  the  covered 
little    heat    flows    through    the    path. 


through   the  paths  of  les 
?art    of   the    coil.      Very 
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Fk;.  1.  TlCMPKU.VTUliK  Dl.V- 
GR.IM  OF  AliM.\TUKE 

Coil  in  Air 


Fig.  2.  Tkmpkr.\ture 

Di.VGRAM  OK  Anir.\- 

TURE  Coil  ix  Air 

WITH  Thkrmom- 

KTi;u  F.\n 


Including  the  thermometer  pad,  with  the  result  that  the 
^emperatui'e  drop  through  the  insulation  is  greatl>"  reduced 
and  the  thermometer  indicates  a  temperature  nearer  the  true 
copper  temperature  than   the  true  surface   temperatures. 

Fig.  3  illusti-ates  the  temperature  drops  and  direction  of 
heat  flow  within  the  core  through  the  center  of  the  slot 
along  the  line  YY.  It  has  been  assumed  that  the  load  and 
design  are  such  that  the  copper  temperature  is  higher  than 
that  of  the  core,  so  that  the  heat  flows  from  the  copper  to 
the  core.  Th<-  highest  temperature  is  shown  in  the  center  of 
the  coil  nearest  tht-  air  gap.  The  loss  in  this  <oil  is  often 
greater  than  in  the  coil  beneath  it,  due  to  the  penetration  of 
the   air-gap    flux    within    the    top    of   the    slot.      On    the    other 

d.  the  heat  flow  from  the  tup  coil  is  sometimes  greater, 
due  tt)  the  greater  conductivity  of  the  path  passing  through 
the  wedge  to  the  air. 

I'.ut  little  heat  flows  through  the  Insulation  between  the 
coils,   since   they   are   at    nearly    the   same   temperature.      There 

1  very  large  Row  of  heat  from  the  slot  and  tooth  belt 
through  the  core  to  the  outer  core  surface  which  produces 
the  large  temperatu<-e  drop  shown,  in  spite  of  the  relatively 
low  beat  resistance  of  the  sheet  steel. 

In  Fig.  4  is  shown  the  teniTieratun-  drop  along  the  longi- 
tudin.nl  path  from  the  part  of  the  coil  in  the  center  of  the 
core,  along  the  copper,  and  through  the  end  insulation  to  the 
air. 


LIMITING   TEMPERATURES  OF   INSULATING  MATERIALS 
Insulating  materials  in  common  use  for  coils  may  be   con- 
veniently grouped  in  two  classes  from  the  standpoint  of  tem- 
perature: 

1.  Cotton,   silk,   paper  and   other  fibrous   materials. 

2.  Mica,   asbestos   and    similar   heat-resisting    materials. 
Obviously,   the  filjrous  materials  have  a   much   lower  limit- 
ing   teiTiperature    than    those    in    the    second    class.      However, 


Fig.  3.  Teaiper.vture  Di.agraji  of  Aini-VTURE  Coils 
AND  Core    (in  Direction   of   L.vminations) 

the  materials  in  that  class  are  usually  used  for  armature  coil 
insulation,  with  those  of  the  first-class  serving  as  a  means 
of  mechanical  support  for  the  main  insulation.  In  this  con- 
nection it  may  be  mentioned  that  machine-wrapped  mica  in- 
sulation will  operate  satisfactorily  at  higher  temperatures 
tlian    hand-wrapped. 

The  temperature  limit  of  pure  mica  or  asijestos  is  so  high 
that  when  either  is  used  alone,  as  is  often  the  case  in  turbo- 
field  insulation,  and  sometimes  in  armature-coil  insulation, 
the  temperature  limit  is  imposed  by  other  parts  of  the  ap- 
paratus than  the  insulation. 

While  experience  with  mica  and  paper  (combined)  insula- 
tion has  shown  tliat  it  can  safely  withstand  such  tem- 
peratures as  200  or  300  degrees,  these  high  temperatures  are 
not  advocated  for  generators  of  normal  design.  The  follow- 
ing gives  a  conservative  limit  for  the  different  insulating  ma- 
terials: 


Kind  of  Insulation 

(1)   Treated  cotton,  paper,  sillc  and 

aimtiar  fibrous  materials. 


(2)  Mica,  asbestos  and  similar  re- 
fractory materials,  used  with- 
out lower  temperature  mate- 
rials, as  in  some  turbo-genera- 
tor field  windings. 

(3)  Oombinationa  of  (1)  and  (2) 
in  which  both  classes  of  mate- 
rials are  necessary  for  insula- 
tion strength. 

(4)  Combinations  of  (1)  and  (2) 
in  which  materials  of  the  first 
class  are  used  for  structural 
purposes  only  and  are  not  de- 
pended on  for  insulation 
strength. 


Remarks 

This  limit  i.-?  well  established 
anci  probably  will  not  be  in- 
creased by  future  experience 
except  under  conditions  of  tow 
voltage  and  rigid  support. 

The  temperature  limit  is  so 
high  that  meterials  or  condi- 
tions other  than  insulation  im- 
pose the  limit. 

The  limit  in  a  particular  case 
depends  on  the  relative  propor- 
tions of  the  two  classes  of  mate- 
rials and  on  the  application. 

Experience  has  defined  this 
limit  less  rigidly  than  iu  the 
other  classes.  Future  experi- 
ence will  undoubtedly  justif.v 
raising  this  figure. 


*Ab.stract   fiom  a  paper  by  F.   D.  Newbury 
tlonal   Electric  Light  Assocla-tlon. 
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TEMPERATURE  MEASUREMENTS 
Measurements   by    means    of   mercury    thermometers    show 
the    surface    temperatures,    which    are    less    than    the    nearest 
heat    source,    by    a   drop    which    is    partly   determined    by    the 
covering  applied  outside  the  thermometer. 

Temperature  measurements  by  increase  in  the  resistance 
of  the  winding  itself  grive  average  temperatures  which  are 
higher  than  those  at  the  surface  unless  the  drop  through  the 
insulation  is  negligible  or  the  hottest  part  of  the  heat 
source  is  accessible  to  the  mercury   thermometers. 

Much  higher  results  than  either  of  the  foregoing  are  ob- 
tained by  means  of  thermo-couples  which  record  approxi- 
mately  the   hottest    temperature  of  the   heat  source. 


BoilermakerH  Xnfional  ConTention — The  International 
Brotherhood  of  Boiler  Makers,  Iron  Shipbuilders  and  Helpers 
of  America,  in  11th  biennial  convention,  elected  the  following 
officers  at  San  Francisco,  Calif.,  on  June  20:  International 
president,  J.  A.  Franklin,  Kansas  City,  Kan.;  first  vice-presi- 
dent, A.  Hinzman,  Kansas  City;  second  vice-president,  Thomas 
Nolan,  Portsmouth,  Va.;  third  vice-president,  J.  P.  Marrigan, 
Montreal,  Canada;  fourth  vice-president,  Louis  Weyand,  Cleve- 
land.   Ohio:    fifth    vice-president,    John    P.    Down,   New    York; 


FeBasasFS^^sai^  Stat©  C®Ea^©Hatla®sa 

l'rol)ably  the  larytst  ami  nui.st  .su.-i  .ssf  ul  .(invention  of  the 
Pennsylvania  State  Association  of  the  N.  A.  S.  E.  was  held 
in  Philadelphia,  on  June  19  and  20.  The  Vendig  Hotel  was 
the  headquarters.  The  attendance  of  delegates  was  exception- 
ally large. 

The  business  sessions  took  place  In  the  Parkway  Building. 
next  door  to  the  headquarters  hotel.  The  exhibition  hall  was 
also  in  the  Parkway,  and  provided  plenty  of  light,  with  ample 
space  for  the  exhibits. 

On  Friday  morning  at  ten  o'clock  Peter  O.  Johnson,  chair- 
man of  the  convention  committee,  opened  the  convention  for 
the  preliminary  exercises.  After  a  few  words  of  welcome  to 
the  city  officials  who  were  present,  Mr.  Johnson  introduced 
the  Hon.  George  D.  Porter,  director  of  public  safety,  who 
spoke  warmly  of  Philadelphia  and  its  environments,  and  ex- 
tended  to   the   delegates   and   guests   a   hearty  welcome. 

Samuel  B.  Forse,  national  treasurer  of  the  N.  A.  S.  E.,  re- 
sponded in  suitable  terms  for  the  engineers. 

National  President  James  R.  Coe.  whose  name  was  not  on 
the  program,  and  appeared  as  a  pleasant  surprise,  was  then 
introduced,  and  spoke  interestingly  of  the  progress  of  the 
N.   A.    S.    E. 


At  the  Pexxsylvaxia  State  foxvEXxiox,  X.  A.  S. 
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sixth  vice-president,  William  Atkinson,  Los  Angeles;  seventh 
vice-president,  M.  A.  Maher,  Portsmouth,  Va.;  eighth  vice- 
president,  Joseph  P.  Ryan,  Chicago;  ninth  vice-president,  John 
F.  Schmitt,  Columbus,  Ohio;  secretary-treasurer.  Prank  R. 
Einemeyer,  Chicago;  editor  of  "Journal,"  James  B.  Casey, 
Kansas  City. 


Careless  Firemen — A  careless  or  ignorant  fireinan  "will 
often  throw  into  a  furnace  twice  as  much  coal  as  is  needed, 
usually  piling  it  near  the  front  of  the  grate  while  the  sides 
and  edges  are  relatively  thin.  By  leaving  holes  in  the  fire 
bed  or  allowing  the  firing  doors  to  remain  open  unneces- 
sarily, he  admits  excess  air  into  the  furnace  which  reduces 
the  temperature  of  the  flue  gases. 

■£'. 
"The  EaeineeriiiK  Manual."  published  by  the  American 
Electric  Railway  Engineering  Association  is  now  being  dis- 
tributed. This  publication  is  a  compilation  of  the  standards 
and  recommendations  adopted  by  this  association  and  covers 
practically  the  entire  field  of  electric  railway  engineering. 
The  book  is  in  loose-leaf  form,  and  has  82  sections,  fully  illus- 
trated with  diagrams  and  working  drawings.  The  loose-leaf 
form  was  adopted  so  that  the  standards  and  recommendations 
may  keep  pace  with  such  additions  and  alterations  as  are 
ma'de  at  the  yearly  conventions  of  the  associations.  Separate 
sections  may  be  obtained.  The  price  to  nonmembers  of  the 
association  is  $3.  and  binders  $1  extra.  Members  will  receive 
the  manual   (without  binder)  free. 


The  convention  then  went  into  executive  session,  and  after 
the  various  committees  were  appointed  the  meeting  adjourned 
until  2  p.m. 

The  entertainment  program  included  an  afternoon  auto- 
mobile trip  for  the  ladies  about  the  city  and  suburbs,  paying 
a  visit  to  College  Inn,  where  a  sumptuous  chicken  dinner  was 
served,    the    company   returning  to    the   hotel   at  seven   o'clock. 

Promptly  at  S:30,  in  the  large  auditorium  of  the  Parkway 
Building,  the  entertainment  given  by  the  supplymen  took 
place.  A  most  enjoyable  evening  was  furnished  by  the  fol- 
lowing: Hart  and  Neal.  Monroe  Silver,  Pauline  Lorraine,  Bren- 
del  and  Morgan,  Pauline  Newman,  and  the  Musical  Ogdens,  of 
the  supplymen,  and  Herbert  Self,  Peerless  Rubber  Manufac- 
turing Co.;  Joseph  Hickey,  Keystone  Lubricating  Co.;  Andrew 
McHugh  and  Joe  McKenna,  Jenkins  Bros.,  and  Jack  Armour, 
of  "Power";  Bob  Nolan  was  at  the  piano. 

The  entertainment  features  wound  up  with  a  smoker  on 
Friday  night. 

At  the  final  meeting  of  the  delegates  the  following  state 
officers  for  the  ensuing  year  were  elected; 

President,  James  D.  Rostron,  Chester;  vice-president,  Peter 
O.  Johnson,  Philadelphia;  secretary,  R.  B.  Ambrose,  Pitts- 
burgh; treasurer,  D.  E.  Seeley,  Du  Bois:  conductor,  C.  AV. 
Leitenberger,  Johnstown;  doorkeeper.  Earnest  Uf£,  Chester. 

THE  EXHIBITION 
The   following  firms   had   representativ 
Albany  Lubricating  Co.  Magarve> 


in   attendance: 


_.     &    Griffith 
American  Bitumastic  Enamels    Morris  Metallic  Packing  Co. 
Co.  McArdle   &   Cooney 
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Ames  Iron  Works 
Anchor    Packing    Co. 
Barnett   Manufacturing  Co. 
Bell    Coal   Co. 
Bird-Archer   Co. 
Bond   Co.,    Charles 
Borgner   Co.,   Cyrus 
Budd  Grate  &  Foundry  Co. 
Dearborn   Chemical    Co. 
Dixon    Crucible    Co..    Jos. 
Durabia    Manufacturing    Co. 
Fairbanks    Co. 
Ford  &  Kendig  Co. 
Frick  Grate  Bar  Co. 
Oarlock  Packing  Co. 
Goodall    Rubber    Co. 
Greene.   Tweed   &   Co. 
Griseom-Russell   Co. 


minima 


McClave-Brooks   Co. 

National      Ammonia     Co.     of 
Pennsylvania 

National   Flue  Cleaner  Co. 

National   Supply  &  Equipment 
Co. 

Newton  Coal  Co..  George  B. 

Nazel      Engine      &     Machine 
Works 

Parkesburg    Iron    Co. 

Peerless    Rubber    Manufactur- 
ing Co. 

Philadelphia   Grease   Manufac- 
turing Co. 

"Power" 

Quaker    City    Rubber    Co. 

Robinson  &  Son  Co.,  Wm.  C. 

Roebling's   Sons   Co.,   John   A. 


Harrison  Safety   Hoik  r   Works     Rooksby  &  Co.,  B.  J. 


Home    Rubber   Co. 
Homestead  Valve  Manufactur- 
ing Co. 
Houghton    &    Co.,    E.   F. 
Jenkins    Bros. 
Johns-Manville   Co..   H.  AV. 
Keystone   Lubricating  Co. 
Kruger    &    Blind    Co. 
Lagonda   Manufacturing   Co. 
Livezey,  John  R. 
Lunkenheimer   Co. 


Strong,  Carlisle  &  Hammond 
Co. 

Underwood  &  Co.,  H.  B. 

Unitid    States   Graphite   Co. 

A'aciuim    Oil    Co. 

Watson   &   McDaniel  Co. 

Walsh    Packing    Co. 

Webster  &  Co.,  Warren 

Westinghouse  Electric  &  Man- 
ufacturing   Co. 

Williamson  &  Cassedy 


We  regret  that  we  were  unable  to  secure  a  photograph  of 
the  delegates  and  guests  in  time  for  publication. 

The  next  meeting  will  be  held  at  Pittsburgh,  June  IS 
and  19. 
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The  thirty-first  annual  convention  of  the  .American  Insti- 
tute of  Electrical  Engineers,  at  Detroit,  on  June  22  to  26, 
although  not  as  large  in  attendance  as  some  former  meetings, 
ranked  well  in  the  character  of  its  technical  sessions  and  in 
its  enjoyment  of  the  opportunities  offered  by  that  city  for 
entertainment   and   inspection   trips. 

With  headquarters  at  the  Hotel  Ponchartrain,  the  con- 
vention began  with  a  reception  and  dance  on  Monday  evening. 

PRESIDENT'S  ADDRESS 

On  Tuesday  morning  President  C.  O.  Mailloux  opened  the 
technical  sessions  with  an  address  on  "The  Evolution  of  the 
Institute  and  Its  Members."  As  one  of.  its  charter  members, 
he  reviewed  the  phenomenal  growth  of  the  Institute  and 
pointed  out  that,  although  one  of  the  youngest  of  the  national 
engineering  societies,  it  has  now  taken  a  place  in  the  front 
rank.  Much  of  this  success  had  been  due  to  the  untiring  work 
of  the  committees  and  the  active  members  who  have  gratui- 
tously rendered   service,   which  money  could  not   hope   to  buy. 

Due  to  the  ever-increasing  scope  of  electrical  engineering, 
new  specialties  have  sprung  Up.  some  of  which  have  assumed 
sutncient  importance  in  the  number  of  persons  interested  and 
the  technical  work  done  to  warrant  separate  associations  such 
as  the  Electro-Chemical  and  the  Illuminating  Engineering 
societies.  While  the  formation  of  these  two  had  been  justified, 
in  Mr.  Mailloux's  opinion,  it  was  not  wise  to  subdivide  a  large 
field  into  too  many  independent  societies.  He  believed  the 
■whole  field  of  electrical  engineering  could  be  served  best  by 
the  parent  society,  comparing  it  to  a  central  station  with  a 
high  diversity  factor. 

Mr.  Mailloux  concluded  his  address  with  a  plea  that  engi- 
neers as  a  class  should  take  a  greater  interest  in  civic  affairs. 
"Our  neglect,"  said  he,  "to  occupy  the  place  that  belongs  to  • 
us  is  a  serious  handicap  to  the  prestige  and  influence  of  our 
professional  class,  and  places  it  in  a  condition  of  relative  dis- 
parity before  the  world  as  compared  with  other  professions 
such  as  law,  medicine  and  fine  arts.  *  •  •  Only  in  excep- 
tional cases  do  we  see  engineers  vested  with  the  authority 
which  gives  the  final  decision;  indeed,  they  are  never  in  a 
majority  in  a  deciding  body." 

D,  B.  Rushmore  indorsed  the  president's  remarks  and  added 
that  in  public-service  commissions  the  engineers  are  often 
consulted  on  important  matters,  but  occupying  a  subordinate 
position,  have  no  voice  in  the  final  decisions.  This  condition 
he  believed  was  partly  because  their  training  was  along  spe- 
cialized lines  and  partly  because  the  average  engineer  is  not 
a  highly  trained  executive. 

ELECTRICITY    IN    M.VRINE    WORK 

The  first  paper  of  the  morning  was  "Electric  Heating  as 
Applied  to  Marine  Service,"  by  C.  S.  McDowell  and  IJ.  M. 
Mahood.  Among  the  advantages  pointed  out  were  simplicity 
and  low  cost  of  installation,  saving  in  weight,  freedom  from 
leaks,  noises  and  disagreeable  odors  as  compared  to  steam,  and 
ease  of  regulation.  Attention  was  called  to  Its  use  for  first 
and  second  cabins  on  some  of  the  latest  Atlantic  liners. 

"The  Electrically  Driven  Gyroscope  In  Marine  Work,"  by 
H.  C.  Ford,  was  the  next  paper.  The  gyro-compass,  said  the 
author,  makes  use  of  the  earth's  daily  rotation  and  conse- 
quent changing  direction  of  gravity  to  secure  a  directive  force 
a  hundredfold  greater  and  more  accurate  than  that  of  the 
magnetic  compass.  This  type  of  compass  as  adopted  by  the 
United  States  Navy  was  described.  While  large  gyroscopes 
are  made  capable  of  stabilizing  any  ship  against  rolling  In 
the  heaviest  seas,  one  of  Us  principal  applications  promises 
to  be   In  aeroplane  work. 


INDUSTR1.\L    POWER 

The  industrial  power  session  was  held  Tuesday  evening 
and  consisted  of  three  papers:  "Direct-Current  Motors  for 
Coal  and  Ore  Bridges,"  by  R.  H.  McLain;  "Methods  of  Keeping 
Down  Peaks  on  Power  Purchased  on  a  Peak  Basis,"  by  T.  E. 
Tynes,  and  "Concatenated  Induction  Motors  for  Rolling  Mill 
Drive,"   by   William   Oschmann. 

Mr.  McLain  described  the  mechanical  arrangement  of  a 
coal  bridge,  consisting  essentially  of  a  trolley  car  with  hoist- 
ing mechanism  for  a  self-filling  bucket.  A  series  motor  was 
recommended  for  driving  the  trolley  car  and  for  a  slow-speed 
hoist,  whereas  a  shunt  motor  Is  Ijest  for  a  high-speed  hoist. 
The   relative   merits   of   both   types   were  discussed. 

The  method  described  by  Mr.  Tynes  for  keeping  down 
peaks  on  the  purchased  power  was  as  follows:  Exhaust  steam 
being  available  from  pumps,  air  compressors,  etc.,  a  lo^w-pres- 
sure  turlDine  was  installed  to  handle  the  peaks.  This  is  kept 
running  light  on  the  line  and  by  means  of  a  special  contact 
attached  to  the  maximum-demand  meter,  relay  circuits  are 
closed  and  operated  to  short-circuit  sections  of  resistance  in 
the  field  rheostat  of  the  turbo-generator.  This  raises  its 
voltage  and  causes  it  to  take  the  peak  load.  Conversely,  when 
the  demand  goes  off,  the  resistance  is  cut  in  on  the  rheostat 
and  the  voltage  of  the  machine  is  lowered,  thus  reducing  its 
load. 

Mr.  Oschmann's  paper  described  a  six-speed  concatenated 
induction  motor  set  for  driving  the  finishing  rolls  of  a  12- 
stand  mill.  It  consisted  of  a  double-wound  main  motor  and 
single-'wound  secondary  motor,  both  stators  mounted  on  a 
common  bedplate,  and  both  rotors  on  a  common  shaft.  The 
larger  motor  has  both  a  14-  and  a  16-pole  stator  winding  and 
the  secondary  motor  has  its  winding  arranged  for  four-  and 
eight-pole  connections.  The  motor  has  six  definite  speeds  and 
two  additional  resistance  speeds,  and  the  control  is  such 
that    no    regular    attendant    is   required. 

Following  this  paper,  moving  pictures  were  thrown  on 
the  screen  showing  the  operations  in  the  mills  of  the  National 
Tube  Co.,  from  ore  to  finished  pipe. 

ELECTROPHYSICS 
Wednesday  morning  was  devoted  to  a  session  on  elec- 
trophysics,  three  papers  being  presented:  "The  Sphere  Gap 
as  a  Means  of  Measuring  High  Voltage,"  by  F.  W.  Peek,  Jr.; 
"The  Electric  Strength  of  Air."  by  J.  B.  AVhitehead  and  W.  S. 
Gorton,  and  "Sphere-Gap  Discharge  Voltage  at  High  Fre- 
quencies,"  by  J.   C.  Clark  and  H.  J.  Ryan. 

ENGINEERING   DATA 

Two  reports  were  rendered  on  Thursday  morning  by  the 
committee  on  engineering  data.  The  first,  which  was  pre- 
sented by  Chairman  Percy  H.  Thomas,  represented  the  prac- 
tice of  twenty-five  power  companies  operating  at  25,000  volts 
or  over.  Full  particulars  on  the  transmission-line  construc- 
tions, as  well  as  operating  features,  were  given.  Owing  to 
Its  importance  an  abstract  of  this  report  will  appear  in  a 
subsequent  issue. 

The  second  report  of  the  committee  dealt  with  "Specifica- 
tions for  the  Inspection  and  Tests  of  High-Tenslon  Line  In- 
sulators." 

I'UIMI-:    MOVERS 

Thursday  afternoon,  H.  (!.  Stott  read  the  committee's  re- 
port on  prime  movers  In  which  reciprocating  steam  engines, 
steam  turbines,  gas  engines,  oil  engines  and  hydraulic  tur- 
bines were  compared  as  to  relative  Importance,  capacity, 
cfflclency,   weight,   cost   and   economy. 
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During  the  past  five  years  the  reciprocating  steam  engine, 
said  Mr.  Stott,  has  become  practically  obsolete  for  use  in 
modern  power  stations.  It  is  still  used  In  isolated  plants 
where  exhaust  steam  is  used  for  heating,  and  in  this  service 
has  some  advantage  over  the  small  turbine,  although  the 
margin  is   continually    becoming   smaller. 

He  quoted  figures  to  show  that  the  large  steam  turbine  has 
now  passed  the  gas  engine  in  thermal  effrciency,  the  only 
prime  mover  now  surpassing  it  being  the  Diesel  engine,  which 
has  a  maximum  operating  efficiency  of  about  28  per  cent,  com- 
pared with  24  per  cent,  for  the  latest  20.000-kw.  high-vacuum 
steam  turbines.  The  data  and  curves  from  this  report  will 
appear   in   a   later    issue. 

Following  Mr.  Stotfs  report  was  a  paper  on  "Voltage  Test- 
ing of  Cables,"   by  W.  I.  Middleton  and  C.  L.   Dawes. 

Charles  F.  Brush,  of  arclight  fame,  was  the  recipient  of  the 
Edison  Medal  on  Thursday  evening,  at  which  time  the  past- 
president's  badges  were  also  presented.  President-elect  Paul 
M.   Lincoln  was  introduced  and  made  a  short  address. 

ELECTRO-CHEMICAL  SESSION 

Friday  morning  was  devoted  to  three  papers,  "Sterilization 
of  Water  by  Ultra  Violet  Rays,"  by  M.  von  Recklinghausen; 
"Toll  Telephone  Traffic,"  by  Frank  F.  Fowle,  and  "A  High- 
Speed   Printing   Telegraph   System,"    by   Carl   Kinsley. 

This  was  followed  by  a  conference  of  section  delegates  .and 
officers. 


The    entertai 
about   the   city. 


ENTERTAINMENT 

ent    features   consisted    of   automobile 
boat    ride    to    Bois    Blanc    Island,    insp 


The  B.  F.  Goodrich  Co.  plant  was  next  visited.  Guides  were 
provided  and  the  visitors  were  divided  into  squads  and  con- 
ducted through  a  large  part  of  the  75  acres  of  floor  space. 
They  were  shown  everything  from  the  grinding  and  com- 
pounding of  the  rubber  to  the  finished  products,  including 
auto  tires,  hose,  belting,  valves,  boats,  insulated  wire  and 
products  of  rubber   in  every  shape  and   description. 

The  trip  ended  at  the  company's  offices  where  refreshments 
were  served  and  souvenirs  were  distributed,  including  small 
hot-water  bottles  for  the  ladies  and  watch  fobs  for   the  men. 

The  traction  company  then  transported  all  the  delegates 
to  the  Goodyear  Tire  &  Rubber  Co.  Here  again  Akron  hos- 
pitality w^as  shown  at  its  best.  Guides  were  provided  and  a 
hurried  trip  was  taken,  beginning  at  the  power  plant,  thence 
through  the  various  rooms.  The  Goodj'ear  Co.  served  supper 
to  all  in  the  company  dining  rooms.  The  way  six  people 
served  the  crowd  with  such  efficiency  was  a  marvel  to  the 
visitors. 

The  committee  of  arrangements  deserves  especial  mention 
for  the  fine  program  of  A\'ednesday  evening — to  say  nothing 
of  the  concert  conducted  b.v  "Prof."  Raven,  N.  A.  S.  E.,  Thurs- 
day evening. 

Dayton.  Ohio,  was  cliosen  for  the   next  meeting  place. 


EXHIBITORS 


Akron  Metallic  Gasket  Co. 
H.  W.  Johns-JIanville  Co. 
C.    E.   Squires  Co. 
Factory  Oil  Co. 
Ohio   Injector  Oil  Co. 
Leavitt  Machine  Co. 
Griscom-Russell   Co. 
Goodyear    Tire    &    Rubber 


"National    Engineer" 

"Power" 

William   Powell  Co. 

Bowers   Rubber   Works 

Trill    Indicator 

Peerless    Rubber    Manufactur- 


ing 


.  o. 


Co.     Dearljurn   Chemical   Co. 
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trips  to  the  Ford  plant  and  the  stations 
Co.,   a  dance   and    cabaret   on   Thursday 
for    the    ladies,    and    tennis    and    golf    tc 
handsome  trophies  were  awarded. 


the  Detroit  Edison 
■ning,  a  card  party 
naments    for    which 
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The  annual  convention  of  the  Ohio  State  N.  A.  S.  E.  took 
place  at  Akron  on  June  17  to  19,  with  an  excellent  attendance, 
the  delegates  convening  at  9;30  Wednesday  morning  in  East 
Market   Street   Rink. 

After  the  opening  ode  "America"  and  the  invocation  by  the 
Rev.  L.  N.  D.  Wells,  Mayor  F.  W.  Rockwell  welcomed  the 
delegates,  W.  E.  Lewis,  of  Massillon,  No.  14.  responding. 

President  F.  A.  Seiberling,  of  the  Goodyear  Tire  &  Rub- 
ber Co.,  and  a  former  president  of  the  Akron  Chamber  of 
Commerce,  delivered  a  most  interesting  address  on  "Akron — 
Its  Manufactures."  State  President  J.  E.  Radigan  made  an 
appropriate  response.  The.  morning  session  closed  by  singing 
the  "Red,  White  and  Blue"  and  with  prayer  by  the  Rev.  Mr. 
Wells. 

The   afternoon    session    began    at   1:30    o'clock. 

In  the  evening,  at  eight  o'clock,  the  exhibition  was  for- 
mally opened.  A  male  chorus  o*  36  under  the  direction  of 
Prof.  Griffith,  and  vocal  and  instrumental  solos  furnished  the 
music. 

On  Thursday  morning,  after  a  short  business  session  the 
Northern  Ohio  Traction  Co.  provided  special  cars  for  all  to 
visit  the  Gorge  power  house.  The  party  was  then  taken  on 
fla*  cars  to  the  hydro-electric  plant  a  mile  down  stream.  All 
the  delegates  took  part  in  strenuous  reducing  exercises  and 
climbed   the   175   steps  back  to   the  cars. 


Burt    Manufacturing    Co. 
B.    P.   Goodrich   Co. 
Lagonda  Manufacturing  Co. 
Arrow   Boiler  Co. 
Jenkins  Bros. 
Greene.  Tweed   &  Co. 
American      Steam      Gauge 

Valve   Manufacturing  Co. 
Cling-Surface  Co. 


Keystone    Lubricating   Co. 
Howe   Rubber   Co. 
V.   D.   Anderson  Co. 
White  Star   Refining  Co. 
Perolin   Co.   of  America 
Garlock    Packing  Co. 
Hawk-Eye    Compound    Co. 
H.  Mueller  Co. 
Crandall    Packing    Co. 
Hill.  Hubbell  &  Co. 


On  June  10  to  12,  Indiana  engineers  held  their  tenth  an- 
nual convention  at  the  Hotel  Severin,  Indianapolis.  Discus- 
sion on  a  state  license  law  and  the  formation  of  chapters  at 
Fort  Wayne,  and  Hammond  were  the  features  of  the  business 
sessions. 

On  Wednesday  evening  there  was  a  smoker  in  the  ex- 
hibit hall,  following  a  lecture  by  Mr.  McMeans  on  "Practical 
Engineering." 

On  Friday  afternoon  the  engineers  visited  the  storage- 
battery  plant  of  the  Indianapolis  Light  &  Heat  Co.,  and  In 
the  evening  attended  a  chicken  supper  at  Broad   Ripple  Park. 

Richmond  was  selected  as  the  convention  city  for  1915. 
The  following  officers  were  elected:  Louis  Minke,  Evansville, 
president;  Albert  Franke,  Terre  Haute,  vice-president:  Ignatz 
Baldus,  Indianapolis,  secretary;  Albert  T.  Arens,  South  Benl, 
treasurer;  W.  E.  Mutchnes,  Richmond,  conductor:  Elza  Scott, 
Kokomo,    doorkeeper:    E.    G.    Huger.    Evansville,    state    deputy. 

Following   is   a   list   of  the    exhibitors: 

Belting    ..t    Sup- 


Greene,  Tweed  &  Co. 
"National  Engineer." 
"Power." 

The   Garlock   Packing  Co. 
American     Steam     Gauge 
Valve   Mfg.    Co. 


Indianapolis 

ply   Co. 

Dean   Bros.   Steam   Pump  Wks 
Crane   Co. 

Griscom-Russell    Co. 
Hide,  Leather  &  Belting  Co. 


Julv 
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Hawk-Eye    Compound    Co. 

The   V.    D.   Anderson   Co. 

Dearborn    Chemical    Co 

Home    Rubber    Co. 

The    Lunkenheimer   Co. 

White  Star   Refining  Co. 

H.   Mueller   Co. 

^Xm.    Powell    Co. 

Jenkins    Bros. 

H.    W.   Johns-Manville   Co. 

The   Perolin    Co.    of  America 

Crandall   Packing  Co. 

Kevstone    Lubricating    Co. 

Hehrv    Vogt    Machine   Co. 

Central    Supply    Co. 

Central    Rubber    &    Supply    Co. 


Crescent    Oil    Co. 

Indian    Refining    Co. 

Quaker  Citv   Rubber  Co. 

Trill    Indicator    Co. 

Open    Coil    Heater    &    Purifle: 

Co. 
Home    Brewery 
Standard    Oil    Co. 
Vonnegut    ^Machinery    Co. 
Chandler   &    Taylor   Co. 
Arrows   Boiler   Compound   Co. 
Hetherington    &    Berner. 
Indianapolis     Electric     Suppl- 

Co. 
Garrett-Callahan    Co. 


Jenkins    Bros.  The  Wellington  Co.,  Inc. 

Otis   Eleyator  Co.  Wm.  L.  McLellan 

Keystone  Lubricatingr  Co.  Home    Rubber   Co. 

The   Lunkenheimer    Co.  Crane  Valve   Co. 

Diamond    Power    Specialty   Co.  The   Babcock   &   Wilcox  ( 


The   C.   S.   Merrick   Co. 
H.  W.  Johns-Manville 
"National    Engineer" 
"Power" 


Crandall    Packing 
The   Roto   Co. 
Mason    Regulator    Co. 
Walter  G.    Ruggles   Co. 


The  neKt  convention  will  be  held  at  Hartford  in  June.  1915. 
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The  nineteenth  annual  convention  of  the  Connecticut  State 
Association  of  the  N.  A.  S.  E.  was  held  at  Bridgeport,  Conn., 
on  June  26  and  27,  with  headquarters  at  the  Stratfield  Hotel. 

The  preliminary  ceremonies  took  place  at  Friday  noon, 
Frank  J.  Quinlan,  chairman  of  the  local  committee,  presiding. 
After  a  short  address  jNIr.  Quinlan  introduced  the  Hon.  Clifford 
B.  Wilson,  mayor  of  Bridgeport,  who  spoke  of  the  city's  large 
large  commercial  interests  and  of  its  national  attractiveness. 
He  warmly  welcomed  the  engineers  and  guests.  James  R. 
Coe,  national  president,  replied  for  the  engineers,  and  paid  a 
tribute  to  the  supplymen  for  the  support  they  have  always 
given    to    the    engineers    in    tlieir    busine.os    and    social    der.linsis 


Dealers  and  users  are  depending  mure  and  more  on  gov- 
ernment analyses  for  comparison  and  for  determining  the 
best  and  cheapest  fuel.  Each  summer  the  Geological  Survey 
issues  a  small  pamphlet  giving  analysis  made  by  the  Bureau  of 
Mines  of  the  coal  samples  that  the  .Survey  has  collected  dur- 
ing the  year.  These  analyses  are  made  for  the  purpose  of  ob- 
taining data  upon  which  to  classify  and  value  the  public 
lands,  and  for  general  infoi'mafion  regarding  the  various  coal 
fields  of  the  United  States. 

The  latest  pamphlet  of  this  series  (Bulletin  541-K)  gives 
the  analyses  of  135  samples  collected  by  uniform  methods  in 
Alabama,  Colorado,  Illinois,  Kentucky,  Montana,  New  Mex- 
ico, Oregon.  Pennsylvania,  Utah,  Virginia.  West  Virginia  and 
Wyoming.  The  heating  value  is  given  with  almost  all  the 
anaU'ses,  so  that  it  is  easy  to  determine  which  of  two  coals  is 
the  better.  The  bulletin  also  gives  a  brief  description  of  the 
saiiiiiU-.^.    iTichi'Iint;-  a   si  .tinn  of  tlie  coal  at   the  point  sampled. 
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with  the  X.  .\.  S.  E.  Bernard  J.  Reynolds,  state  president. 
then  addressed  the  meeting.  Mr.  Quinlan  formally  opened  the 
supplymen's  exhibition,  after  which  the  delegates  went  into 
executive  session. 

The  meetings  of  the  delegates  were  held  in  a  hall  in  the 
Eagles'  Bullrlingr,  and  in  the  large  Auditorium  adjoining  the 
supplymen  had  their  mechanical  display. 

On  Friday  evening  a  smoker  was  held  at  which  a  most 
enjoyable  entertainment  was  given,  and  refreshments  of  all 
kinds  were  served.  Auto  trips  through  the  city  were  enjoyed 
by  the  delegates  and  guests. 

At  the  final  meeting  of  the  delegates  the  following  state 
officers  were  elected:  Charles  Dowd.  president:  James  J. 
McGee,  vice-president:  Klmer  E.  Thoma.s,  secretary-treasurer; 
Oscar  A.  Thomas,  conductor;  Andrew  A.  Anderson,  door- 
keeper; Bernard  J.  Reynolds,  trustee.  The  officers  were  in- 
stalled by  National  President  James  R.  Coe,  who  also  pre- 
sented a  past-president's  jewel  to  the  retiring  state  president, 
Thomas  J.  Phillips. 

At  a  meeting  of  the  Connecticut  State  Supplymen's  Assn- 
clatlon,  held  on  Saturday  morning,  these  officers  for  the  ensu- 
ing year  were  elected:  Edward  J.  Birge.  president:  John  H. 
Foote,  vice-president:  Harry  H.  Glynne.  secretary-treasurer: 
Georfce  H.  Kendrirk.  chairman:  N.  .S.  Burnham.  John  F.  Har- 
rington.   W'illi.iin    .Miilb  r  and    Kr:irik    T.   Bulkliy.   trustees. 

tiip:  i-;xiiiiiiToHS 


Bridgeport  No.   4.  N.   A.  S.   K. 

Oarlork   I'acklng  Co. 

Mcl.eod    *    Henry   Co. 

Eagle   Oil   &   Supply   Co. 

Dearborn    Chemical   Co. 

American  Steam  Gauge  & 
Manufacturing  Co. 

Greene,    Tweed    &    Co. 

Philadelphia  Grease  Manufac- 
turing Co. 

Peirless  Rubber  Manufactur- 
ing Co. 


Durabla  Manufacturing  Co. 
McClave- Brooks   Co. 
Pratt  &  Cady  Co..  Inc. 
MIghtlngale   &  Chllds  Co. 
Hartford    Mill    Supply    Co. 
The   Lyon  He  Grumman  Co. 
The    Mawley    Hardware   Co. 
Kllpatrick    Hotz   Co. 
J.   H.  Richardson 
Robert   A.   Keasby  Co. 
Perfection  Grate  Co. 
Pyrene  Sales  Co. 


and  an   outline  of  the  different   classes  of  coals  recognized  by 
the  Geological  Survey. 

A  copy  may  be   obtained   on   application   to   the   Director   of 
the    United    States   Geological    Survey.    Washington.    D.    C. 
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Since  the  return  of  Lieut.  George  W.  Danforth,  U.  S.  N. 
(retired),  chief  of  the  department  of  machinery  of  the  Pan- 
ama-Pacific International  Exposition,  from  a  tour  of  the 
Eastern  States,  the  department  has  been  engaged  upon  the 
allotment  of  space  in  the  I*alace  of  Machinery.  As  so  man.v 
applicants  asked  for  a  large  space,  the  360.600  square  feet 
were  over-applied  for  and  it  Ixcame  necessary  to  reconsider 
each  application  so  that  all  allotments  have  been  appreciably 
reduced. 

The  exhibits  will  comprise  the  finest  collection  of  elec- 
trical and  machinery  exhibits  ever  assembled  under  one  roof. 
The  exhibitors  are  cooperating  with  the  department  in  asso- 
ciating their  exhibits  with  others  which  will  permit  of  com- 
plete operation  and   demonstration. 

On  April  1.  preliminary  work  was  started  on  the  installa- 
tion of  the  first  exhibit,  a  5fl0-hp  marine  Diesel  engine,  by 
the  Eusch-Sulzer  Bros.  DkscI  Engine  Co.,  St.  Louis,  and 
the  first  pile  for  the  foundation  was  driven  with  appropriate 
ceremonies  on  May  27  by  Captain  Asher  Carter  Raker,  di- 
rector of  the  division  of  exhibits.  The  installation  will  cost 
$70,000. 

The  entrance  to  the  Palace  of  Machinery  will  be  hand- 
somely   decorated    with    palms   and    shrubs.      To    attract    the 


44 


P  0  W  E  R 


Yol.  40,  \o.  1 


non-technical  visitor  there  have  been  arranged  many  spectac- 
ular exhibits  through  the  operation  of  pumps,  etc..  and  beau- 
tiful and  artistic  effects,  such  as  water-falls  and  illuminated 
fountains. 

The  most  modern  methods  of  illumination  will  be  dis- 
played in  connection  with  the  exhibits  and  will  interest  the 
layman  as  well  as  the  student  and  those  vitally  interested  in 
such  affairs.  One  phase  will  be  the  isolated  electric-house- 
lighting  systems  for  farm  use  compared  with  the  most  com- 
plicated systems  for  city  lighting.  The  testing  of  the  high- 
potential  insulators  and  transformers  will  be  made  possible 
by  arrangement  with  the  largest  manufacturers  of  high-volt- 
age  testing  apparatus. 

A  feature  of  the  Palace  of  Machinery  will  be  the  methods 
employed  for  the  convenience  of  the  visitors.  A  number  of 
plans  are  now  being  tested  to  insure  engineers  and  students 
the  opportunity  to  make  a  careful  examination  of  each  ex- 
hibit in  privacy  and  comfort.  Reception  spaces  will  be  pro- 
vided in  connection  with  each  exhibit  and  equipped  with  suit- 
able fixtures  which  will  enable  technical  visitors  to  prepare 
notes   on   the   various   features. 

All  of  the  working  exhibits  will  be  equipped  with  the 
latest  "safety-first"  devices  and  these  guards  will  form  one 
of  the  most  interesting  exhibits  to  the  engineer  and  manu- 
facturer. 

The  Department  of  Machinery  will  soon  take  possession 
of  the  oflices  which  have  been  built  inside  of  the  Palace  and 
will  remain  there  until  the  close  of  the  exposition.  The 
gates  will  open  Feb.  20.  and  will  close  on  Dec.  4.  1915.  Nine 
of  the  eleven  principal  exhibit  buildings  are  now  complete 
and  the  others  will  be  finished  in  less  than  thirty  days. 


Strohm.      Mc- 
5   pages,    4%x7 


OIL,   FUEL,   FOR    STEAM   BOILERS.      By   R. 

Graw-Hill   Book   Co.,   New   York.      Cloth; 

in.;   63  illustrations;  tables.     Price  $1. 
COX'S    COMMERCIAL    CALCULATOR.       By    Edward    L.    Cox. 

Funk  &  Wagnalls  Co..  New  York.     Cloth;   101  pages,   7x11 

in.;  99  pages  of  tables.     Price,  $10. 


Gr 


FUEL.      By   J.    S.    S.    Brame.      Published    by    Longmans 

&   Co.,   London.    1914.     Size   9x6   in.;   372   pages;    o2   tables. 
72  illustrations.     Price  $3.50. 

The  author's  object  is  to  place  in  the  hands  of  technical 
men.  not  fuel  specialists,  as  full  information  on  fuels  of  im- 
portance as  is  possible  in  a  single  volume.  In  the  preface  he 
makes  a  plea  for  government  laboratories  for  investigating 
the  fuel  (presumably  of  the  British  Isles)  as  the  subject  is 
studied  by  the  United  States  Bureau  of  Mines. 

The  book  is  divided  into  four  parts,  treating  of  solid  fuels, 
liquid  fuel,  gaseous  fuel  and  the  analysis,  purchase  and 
utilization  of  fuels.  The  author  has  collected  a.  wealth  of  in- 
formation from  sources  generally  recognized  as  the  best;  in 
fact  this  is  one  of  the  most  complete  treatises  on  commercial 
fuels  that  we  have  had  the  pleasure  of  reviewing. 

MARINE  STEAM.  Second  edition.  1914.  Published  by  the 
Babcock  &  Wilcox  Co.,  New  York  and  London.  Size.  7x10 
inches;  220  pages;  illustrated. 

The  second  edition  of  "Marine  Steam."  just  issued  by  the 
Babcock  &  Wilcox  Boiler  Co.,  is  to  the  marine  trade  what 
"Steam"  (by  the  same  company)  is  to  the  stationary.  This 
book  contains  a  fund  of  general  information  besides  the  il- 
lustrated history  of  the  evolution  and  the  development  of  tlie 
water-tube  boiler  from  its  earliest  forms.  The  marine  types 
of  water-tube  boilers  are  dealt  with  in  detail,  showing  all 
forms   of   Babcock   &   Wilcox   marine    boilers. 

It  is  of  interest  to  know  that  water-tube  boilers  are  now 
in  use  aboard  every  type  of  steam  craft,  and  in  all  the 
navigable  waters  of  the  globe.  Many  complete  test  reports 
are  given  in  detail  which  afford  a  basis  of  comparison  with 
others,  ashore  or  afloat.  The  typography  and  the  illustra- 
tions are  excellent,  which,  coupled  with  the  accepted  reliabil- 
ity of  the  data  it  contains,  makes  this  a  reference  book 
worthy   of  a  place  in   any   engineering  library. 

McANDREWS      FLOATING     SCHOOL.        By      Captain     C.      A. 
McAllister.     Published  by  International  Marine  Engineer- 
ing.   New    York,    1914.       Size.    9x6    in.;    245    pages;    cloth. 
Price.    $2. 
Composed    of    reprints    from    "International    Marine    Engi- 
neering." the  book  is  in  the  nature  of  story  lectures  on  marine 
engineering    to    firemen,    oilers,    and    coal    passers,    although 
engineers  will  find  the  book  of  value.     A  good   conception  of 


its  purpose  and  treatment  is  gained  by  the  following,  which 
is  in  substance  a  synopsis  of  the  first  chapter.  Four  am- 
bitious firemen  aboard  a  coasting  steamer  determine,  on  ar- 
riving at  an  East  River  pier,  to  request  the  chief  engineer, 
a  man  who  worl<ed  himself  up  from  the  coal  bunkers,  to 
instruct  them  while  the  ship  is  idle  during  the  winter  when 
new  boilers  are  to  be  installed.  The  chief  agrees  and  the 
floating  school  goes  into  session.  Beginning  with  simple  ex- 
planations of  force,  work  and  power,  the  chief  takes  his 
class  on  through  heat  and  the  generation  of  steam,  engineer- 
ing materials,  boiler  fittings,  draft,  engines,  condensers, 
pumps  and  all  that  marine  engineers  have  to  care  for  and 
manage.  As  the  purpose  of  the  firemen  in  taking  instruc- 
tions is  to  pass  examinations  and  obtain  engineers'  licenses, 
questions  and  answers  are  given  in  the  back  of  the  book. 
There   are    thirty-eight    illustrations   and   several   tables. 

STEAM  SUPERHEATERS.  By  the  Babcock  &  Wilcox  Co., 
New  York  City.  Cloth;  80  pages,  7HxlO»4  in.;  illustrated. 
The  Babcock  &  Wilcox  Co..  among  the  first,  if  not  the 
first,  to  recognize  the  advantage  of  real  technical  and  engi- 
neering worth  in  its  advertising  literature,  has  just  issued  a 
volume  upon  superheated  steam,  uniform  in  size,  style  and 
binding  with  its  well  known  "Steam."  It  contains  SO  pages, 
including  many  illustrations,  and,  in  addition  to  describing 
the  superheater  as  made  by  the  Babcock  &  Wilcox  Co.  has  a 
most  valuable  compilation  of  information  upon  the  general 
subject.  It  would  be  fairer  to  say  that  it  contains  the  de- 
scriptive matter  in  addition  to  tne  compilation,  for  the  latter 
is  really  the  bulk  of  the  book.  After  explaining  the  difference 
between  superheated  and  saturated  steam,  the  history  of 
superheated  steam  from  the  time  of  Richard  Trevethick  is 
traced,  an  exhaustive  chapter  with  charts  and  tables  is  de- 
voted to  the  properties  of  superheated  steam,  while  a  chapter 
on  the  Advantage  of  the  Use  of  Superheated  Steam,  with  a 
discussion  of  causes  and  reasons,  and  illustrated  by  tests, 
leads  naturally  to  the  description  of  the  superheater  as  made 
by  the  Babcock  &  Wilcox  Co.  The  book  is  a  fitting  comple- 
ment to  "Steam,"  and  will  find  as  welcome  a  place  upon  the 
book   shelves  of  engineers. 

CHAIN  GRATE  STOKER.  By  the  Babcock  &  Wilcox  Co.,  85 
Liberty  St..  New  York  City.  Cloth;  63  pages.  7%xl0>4  in.; 
illustrated. 

This  book  describes  the  automatic  stokers  of  the  chain- 
grate  type  manufactured  by  the  company,  with  illustrations 
showing  their  application  to  various  types  of  B.  &  W.  boilers. 
The  first  chapter  deals  with  the  tendency  toward  increased 
overload,  high  efficiency  and  smokeless  combustion,  and 
points  out  that  these  results  are  better  obtained  by  stoker- 
fired   furnaces  than   by   hand  firing. 

The  advantages  of  the  chain-grate  stoker  are  enumerated, 
and  the  claim  is  made  that  it  more  fully  meets  the  require- 
ments of  automatic  firing  than  other  types.  Considerable 
space  is  devoted  to  the  construction  of  the  B.  &  W.  chain- 
grate  stoker,  as  well  as  to  its  application  to  various  types 
of  furnaces. 

An  interesting  chapter  deals  with  the  furnace-fire  brick- 
work, the  quality  of  the  bricks  and  what  their  condition 
should  be  when  used  in  building  the  furnace  linings  and 
firebrick   arches. 

The  volume  is  handsomely  illustrated,  showing  installa- 
tions of  these  chain-grate  stokers  to  boilers  with  different 
types  of  furnaces,  and  contains  tables  showing  the  tests  of 
boilers  equipped  "with  this  stoker. 

STE.\M     PIPES.     THEIR     CONSTRUCTION    .\ND     ARRANGE- 
MENT.     Published    bv    the    Vulcan    Boiler    &    General    In- 
surance  Co..    Manchester,    England.      Size,    814x514    in.;   108 
pages.      Flexible  cloth.      Price,   1   shilling. 
This  book,  one  of  the   engineering  manuals  put  out  by  the 
above  company,  is  chiefly  for  the  purpose  of  promoting  safety 
by  practical  literature   on   boiler   subjects.      Chapter  one   deals 
with  steam  velocity  and  draining  of  pipes.     The  book  gives  60 
ft.  per  second  as  the  allowable  velocity  in  steam   pipes   under 
200-lb.     pressure,     with     slightly     higher     velocity     for     lower 
pressures.      The    minimum   diameter   of  steam   pipe   for   an  en- 
gine of  good  design  may  be  obtained  by  multiplying  the  piston 
speed    in    feet    per    minute    by    the    diameter    in    inches    of   the 
high-pressure   cylinder  and  dividing  by  1500.   then  taking  the 
next  larger  size  pipe.     The  velocity  of  steam  in  exhaust  pipes 
with  good  vacuum  may  be  allowed  to  reach  350  ft.  per  second. 
The    company    does    not    recommend    that    steam    pipes    be 
laid   to  drain   back    into   the  boiler,   but   that   provision   should 
be   made   for   draining   a  line    at   all    points   where   water   may 
collect.     Consideration  is  given  water  separators,  traps,  mate- 
rial   and    construction    of    steam    pipes,    pipe    and    expansion 
joints,    pipe    standards,    hangers    and    supports,    exhaust-steam 
piping  arrangement  and  fittings,  and  valves.     Emergency-pipe 
work  and  insulating  material  are  also  included. 

The  book  is  excellently  indexed  and  illustrated,  and  engi- 
neers and  steam  fitters  should  welcome  it  as  a  book  that  is 
truly  useful. 
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Responsibility  for  Defective  Enifine — ^n  employer  is  not 
liable  for  injury  to  an  employee  caused  by  automatically 
starting  a  stationary  engine,  due  to  a  leaky  throttle-valve, 
unless  the  employer  was  chargeable  with  negligence  in  per- 
mitting the  engine  to  become  or  remain  in  a  defective  con- 
dition; the  mere  fact  that  such  condition  existed  does  not 
establish  actionable  negligence.  (Alabama  Supreme  Court, 
Epsey  vs.  Cahaba  Coal   Co..   64   "Southern  Reporter,"   753.) 

Risk  Assumed  by  Electrician — An  experienced  electrician 
assumes  the  risk  of  being  injured  or  killed  through  handling 
charged  power  wires  with  his  hands,  in  removing  them  from 
one  pole  to  another,  if  the  accident  be  attributable  to  his 
failure  to  use  the  rubber  gloves  furnished  him.  In  such 
circumstances,  the  failure  of  the  company  to  shut  off  the 
current  while  the  wires  are  being  moved  cannot  be  regarde.l 
as  the  direct  cause  of  the  accident.  (North  Carolina  Supreme 
Court,  Register  vs.  Tidewater  Power  Co.,  81  "Southeastern 
Reporter,"   326.) 

Liability  for  Flooding  L,and.s — A  3-ft.  dam  constructed  in  a 
creek  to  furnish  water  for  generating  steam  in  a  power 
plant  has  Just  been  held  by  the  Indiana  Appellate  Court  to 
have  made  the  owner  responsible  to  a  proprietor  of  upstream 
lands  in  damages,  for  the  consequent  sv.elling  of  the  waters 
of  the  creek,  although  the  flooding  was  slight,  the  banks 
of  the  stream  not  being  overflowed,  and  although  the  value 
of  such  lands  was  not  depreciated.  (Guynn  vs.  Wabash 
Water  &  Light  Co.,  104  "Northeastern  Reporter,"  849.)  The 
court  finds  that  nominal  damages  at  least  are  recoverable. 
The  decision  is  rested  on  the  principle  that  the  owner  of 
riparian  land  is  entitled  to  have  the  stream  maintained  in  its 
natural  condition,  unless  the  right  of  flowage  is  acquired  on 
payment   of   compensation    to   him. 

Discrimination  Between  Public  Service  Corporations — A 
state  law  which  prohibits  a  city  council  from  granting  per- 
mission to  a  public  service  corporation  to  lay  pipes  in  a 
street  or  alley  for  the  distribution  of  gas  to  consumers, 
unless  the  consent  of  a  certain  percentage  of  abutting  prop- 
erty owners  is  first  obtained,  while  water  companies  are 
left  free  to  lay  their  pipes  without  obtaining  such  consent, 
violates  the  provision  of  the  Illinois  constitution.  It  forbids 
the  passage  of  local  or  special  laws  granting  exclusive  privi- 
leges, according  to  a  decision  of  the  Illinois  Supreme  Court, 
announced  in  the  recent  case  of  People  vs.  Kewanee  Light  & 
Power  Co.,  104  "Northeastern  Reporter,"  6S0.  Hence,  the 
court  finds  that,  so  far  as  a  law  enacted  by  the  Illinois  legis- 
lature in  1897  discriminates  in  this  manner,  it  is  void.  The 
law  also  discriminates  against  the  erection  of  electric-light 
poles  and  wires  in  streets  by  requiring  consent  of  owners  of 
more  than  one-half  of  the  abutting  lands,  whereas  no  such 
consent  is  required  for  the  construction  of  wires  and  poles 
for    the    transmission    of    electric    power. 


Two  I'xploiions  aboard  the  oU-buin  iiiK  tank  steamship 
"Chenango"  as  she  lay  at  South  Pier,  Robin's  drydock,  off 
Dwight  St.,   Brooklyn,   on  June   9,  set  the  vessel  afire. 

The  chief  engineer  was  rescued  from  the  flames  by  the 
police  and  taken  to  the  Holy  Family  Hospital  severely  burned. 

The  "Chenango,"  which  is  owned  by  the  Gulf  Refining  Co., 
was  to  leave  the  next  day  for  Galveston.  Allan  P.  Garrison, 
chief  engineer,  of  Philadelphia,  went  down  to  the  engine  room 
to  see  that  all  was  In  readiness  for  the  start.  Ho  carried  a 
lighted  lamp,  and  it  was  said  the  flames  from  the  lam'p  Ignited 
the   gases   from    the   oil   fuel   stored   in   the    hold. 

Roth  hatches  were  blown  away  and  the  report  of  the  ex- 
plosions shook  the  neighborhood.  Police  Lieutenant  McMullIn 
and  a  patrolman  dragged  the  engineer  ashore.  An  alarm 
brought  the  fire  department  and  the  flames  were  got  under 
control  after  a  two-hours'  fight. 
■•*■ 

The  spirit  of  optimism  seems  to  prevail  among  the  of- 
ficers of  the  various  Westlnghouse  companies  In  the  Pitts- 
burgh district  as  to  the  strike  situation,  according  to  tiie 
Inat  report  from  the  officials,  and  there  Is  a  feeling  prev- 
alent that  In  a  short  time  there  will  be  a  general  move- 
ment to  return  to  work  on  the  part  of  a  majority  of  their 
men. 


A  number  of  employees  of  the  Union  Switch  &  Signal  Co. 
walked  out  at  noon  on  a  Friday  without  presenting  any 
reasons  for  so  doing.  The  company  promptly  announced 
that  the  works  would  be  shut  down  until  the  following  Mon- 
day, at  which  time  the  employees  would  be  expected  to  re- 
turn. Practically  the  full  quota  of  men  has  now  returned, 
and  this,  coupled  with  the  unsuccessful  attempt  of  the  strik- 
ers to  call  out  the  men  at  the  Westlnghouse  foundries  at 
Traftord  City,  has  given  their  cause  a  serious  setback  and 
seems   to   indicate   a   speedy   return   to   normal   conditions. 

The  management  states  that  there  has  not  been  any 
change  in  its  attitude  with  reference  to  importing  "strike 
breakers,"  but  so  far  it  has  devoted  its  energies  toward  safe- 
guarding  the    valuable    properties   placed    in    its   charge. 

When  asked  as  to  the  effect  of  the  strike  on  the  business 
of  the  companies,  one  of  the  officers  stated  that  owing  to  the 
policy  adopted  several  months  ago  of  manufacturing  goods 
for  stock  in  order  to  provide  work  for  its  employees  during 
the  dull  period,  a  large  amount  of  goods,  sufllcient  in  many 
lines  for  several  months'  requirements,  had  been  made  and 
distributed  to  the  company's  "warehouses  in  various  parts  of 
the  country,  from  which  orders  have  been  filled  daily  with- 
out delay. 


KrfSiK.®    CoE!ffipIefee<^ 

With  the  completion  of  the  new  hydro-electric  plant  at 
Long  Lake  on  the  Spokane  River,  Washington,  the  Washing- 
ton Water  Power  Co.  will  have  four  hydro-electric  generating 
stations   on   that   river. 

The  plant  will  have  four  generators  of  about  18,000  hp. 
eaL'h,  with  a  continuous  overload  capacity  of  25  per  cent.; 
each  generator  will  be  connected  to  a  22,500-hp.  waterwheel, 
the  largest  yet  built.  When  completed,  the  Long  Lake  sta- 
tion will  be  the  company's  largest  project.  It  is  30  miles 
from  Spokane.  Power  is  furnished  by  a  dam  200  ft.  high, 
creating  a  lake  23  miles  long  and  giving  a  fall  of  170  ft. 
This  dam  will  give  storage  not  only  for  the  new  plant,  but 
also    for    the    Little    Falls    plant,    further    down    the    river. 

The  Long  Lake  dam  is  unique  in  that  it  is  the  highest 
spillway  dam  yet  erected  for  a  hydro-electric  development, 
and  when  the  river  is  at  flood  more  than  19  ft.  of  water  will 
pour  over  Its  crest. 

Wi 

C©inigs'®ss 

President  Wilson's  declaration  that  Congress  must  pass  a 
number  of  conservation  bills  before  adjournment  has  aroused 
new  interest  in  the  question  of  water-power  development  and 
power  sites.  A  general  water-power  bill  and  a  revision  of 
the  laws  relating  to  the  building  of  dams  in  navigable 
streams  have  been  favorably  reported  to  the  House,  and  are 
among  the  measures  on  which  action  is  demanded  by  the 
President  as  necessary  to  a  fulfillment  of  party  platform 
pledges. 

Announcement  that  an  Investigation  of  the  Keokuk  dam 
and  water-power  development  will  be  made  during  the  sum- 
mer by  a  congressional  committee  promises  to  shed  addi- 
tional light  upon  the  manner  In  which  water  powers  have 
been  monopolized  under  the  old  laws,  as  well  as  upon  the 
methods  by  which  the  monopoly  controls  and  maintains  high 
prices  to  the  consumer.  The  charge  that  the  Keokuk  dam 
obstructs  navigation  In  the  Mississippi  will  also  be  Investi- 
gated. 

Secretary  Franklin  K.  Lane,  of  the  Department  Of  Agri- 
culture, who  Is  a  single  taxer,  seems  to  have  won  the  Presi- 
dent and  the  entire  Cabinet  over  to  the  belief  In  government 
ownership  of  hydro-electric  power  and  power  plants.  Both 
the  general  dam  and  the  water-power  bills  now  o^^fore  the 
House  follow  closely  along  the  lines  urged  by  him,  which 
provide  for  limited  franchises  of  flfty  years  to  dam  and 
power  companies,  and  for  the  purchase  of  the  property  by 
the  government  at  the  end   of  the  fifty-year  term. 

In  the  case  of  dams  built  upon  navlgaMe  streams.  It  is 
proposed  that  the  Secretary  of  War  shall  have  the  authority 
to  regulate  rates  for  power  sold  by  dam  companies  when  sold 
In  Interstate  commerce.  If  the  government  takes  over  the 
property  at  the  end  of  the  franchise  term.  It  Is  to  pay  the 
"fair  value"  of  all  the  property  owned  by  the  company  and 
all  the  capital  expenditures  It  has  been  In  connection  with 
Its  business,  and  Is  also  to  assume  whatever  unfinished  con- 
tracts  the  dam   company   may   have   entered   Into. 
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As  a  measure  to  prevent  the  further  monopolization  of 
power  and  dam  sites  without  use.  the  pending  legislation 
proposes  that  actual  work  upon  the  construction  of  dam 
and  power  works  shall  be  begun  within  one  year  of  the  time 
the   grant    is   made,   and   completed    within   three   years. 

The  general  provisions  of  the  dam  bill  are  made  to  apply 
to  companies  operating  under  existing  grants  or  franchises, 
as  well  as  to  those  who  may  hereafter  be  granted  franchises. 
If  these  bills  become  law,  the  effect  will  be  to  place  the  gov- 
ernment in  the  position  of  being  able  to  take  over  all  exist- 
ing dam  companies  and  water-power  plants  at  the  end  of 
fifty   years. 


L^as'ge   Gsifte   Vsil\r©§   for  Hew 

Perhaps  the  largest  steel  gate  valves  for  superheated 
steam  yet  installed  in  any  of  the  immense  power  plants  are 
those  recently  built  by  the  Nelson  Valve  Co.,  Philadelphia, 
for   the    New    York    Edison    Co.,    New    York    City. 

Seven  of  these  valves  were  built  and  shipped  in  50  days 
from  the  receipt  of  the  order.  Each  open  valve,  from  the 
top  of  the  stem  to  the  bottom  of  the  body,  stands  9  ft.  1  in. 
In  height,  and  the  two  types  weigh  3600  and  3900  lb.  re- 
spectively. The  hand-operated  design  is  made  with  a  large 
bushing  just  below  the  handwheel,  which  may  be  removed 
for   attachment   of   spur   gears   if   desired. 

The  other  type  of  valve  is  fitted  with  spur  gears,  and 
bevel  gears  for  chain  operation.  This  valve  will  be  placed 
in  a  vertical  pipe  line  and  the  extension  stem  (to  which  is 
attached  %  bevel  gear)  runs  through  a  wall  for  operating- 
from  another  room.  The  valve  can  also  be  operated  by  chain, 
the  chain  wheel  being  attached  to  the  valve  stem.  These 
valves  will  be  used  on  header  lines  carrying  200  lb.  pressure 
with    150    degrees    superheat. 

Each  valve  has  a  steel  body  and  bonnet,  with  seat  and 
disk  wings  of  forged  monel  metal  and  a  valve  stem  of  rolled 
monel.  Brackets  are  provided  on  the  inside  of  the  yoke  to 
support  the  gland  when  repacking  the  stem:  eye-bolts,  at  the 
top  of  the  bonnet,  swing  out  of  the  way  so  that  the  valve 
may  be  repacked.  The  steel  and  monel  metals  have  a  tensile 
strength  of  over  65,000  lb.  per  square  inch,  and  their  coeffi- 
cients  of   expansion   are   practically    the    same. 
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"^"alter  M.  Brainerd,  formerly  chief  engineer  and  superin- 
tendent of  the  New  York  Masonic  Temple,  West  Twenty- 
Third  St.,  New  York  City,  has  been  appointed  secretary  and 
treasurer  of  the  Engineering  Utilities  Corporation,  1161 
Broadway,   New    York    City. 

E.  D.  Rasmussen,  formerly  with  the  Allis-Chalmers  Co., 
Milwaukee,  Wis.,  as  erecting  engineer  and  master  mechanic 
for  the  Oshkosh  Grass  Matting  Co.,  Oshkosh,  Wis.,  the  past 
two  years,  was,  on  June  1,  appointed  superintendent  of  m.i- 
chinery  of  the  Oshkosh  Steam  Boat  Co.  in  addition  to  his 
present  position. 

William  A.  Bole  has  been  chosen  by  the  boara  of  directors 
of  the  Westi'nghouse  Machine  Co.  to  be  vice-president  in 
charge  of  production  and  erection  for  the  plants  at  East 
Pittsburgh  and  at  Traftord.  Mr.  Bole  has  been  in  the  con- 
tinuous employ  of  the  company  since  August,  1S82,  having 
successively  filled  the  positions  of  general  shop  foreman, 
superintendent,  manager  of  works  and  consulting  engineer, 
and  has  therefore  taken  part  in  the  growth  and  development 
of  the  company  since  it  employed  less  than  one  hundred  men 
until  the  present,  when  the  total  forces  run  up  into  the 
thousands    of   operatives. 


The  .\ssoeiatlon  of  Edison  Illuminating  Companies  Con- 
vention will  be  held  at  White  Sulphur  Springs,  W.  Va.,  Sept. 
14  to  17,  at  the  Greenbrier  Hotel.  The  active  work  will  be 
confined  to  about  twelve  general  papers  and  ten  special  com- 
mittee reports.  A  fine  program  of  entertainment  and  sports 
has  been  prepared  for  the  delegates. 

National  Association  of  Corporation  Schools — The  second 
annual  convention  of  the  National  Association  of  Corporation 
Schools  was  held  in  Philadelphia  from  June  9  to  12,  at  the 
new  auditorium  of  the  Curtis  Publishing  Co.  A  number  of 
men  connected  with  the  electrical  industry  were  on  the  pro- 
gram, including  Arthur  Williams,  New  York  Edison  Co.;  C.  A. 
S.  Hewlett,  General  Electric  Co.;  P.  C.  Henderschott,  New 
York  Edison  Co.;  C.  P.  Steinmetz,  General  Electric  Co.;  M.  W. 
Alexander,  General  Electric  Co.;  R.  J.  Watson,  Westinghouse 
Electric  &  Manufacturing  Co.:  W.  M.  Skiff,  National  Lamp 
Works:  S,  W.  Ashe.  General  Electric  Co.;  C.  R.  Dooley,  West- 
inghouse Electric  &  Manufacturing  Co.;  J.  C.  Robinson,  New 
York  Edison  Co.:  William  H.  Tolman.  American  Museum  of 
Safety,  and  Dr.  C.  A.  Lauffer,  Westinghouse  Electric  &  Manu- 
facturing   Co. 


E.  F.  Goad  has  been  appointed  chief  engineer  for  the 
Chicago  Heights  Pure  Ice  Co.,  Chicago,  111.  Mr.  Goad  was 
until  recently  with  the  Lake  County  Ice  &  Cold  Storage  Co. 

J.  Russell  Hormell,  formerly  chief  engineer  at  the  Carne- 
gie Coal  Co.  plant,  at  Charleroi,  Penn.,  now  occupies  that  po- 
sition at  the  plant  of  the  Lilley  Coal  &  Coke  Co.,  West 
Brownsville,    Penn. 


FRANK    L.    BUSEY 
Frank  L.  Busey,   a  valued   contributor  to  "Power,"   and  en- 
gineer of  the  Buffalo  Forge   Co.,  died   on  June   7  at  the   Battle 
Creek  Sanitarium.     His  death  was  due  to  spinal  meningitis. 

JACOB  C.  SOTTER 
Jacob  C.  Softer,  for  fifty-seven  years  head  of  Softer  Bros. 
Boiler  Works,  Pottstown,  Penn.,  an  in\-entor  and  bank  di- 
rector, died  on  Saturday  afternoon.  June  20.  after  an  opera- 
tion ten  days  before  for  acute  appendicitis.  He  left  a  fortune 
estimated  at  ?1, 000,000. 

GEORGE  W.  NISTLE 
The  sudden  death  of  George  W.  Nistle,  one  of  the  found- 
ers and  vice-president  of  the  Illinois  Engineering  Co..  Chi- 
cago, 111.,  is  announced.  He  died  on  May  27.  in  his  sixtieth 
year.  His  home  was  in  Muskegon,  Mich.  Mr.  Nistle  was  a 
member  of  the  American  Society  of  Mechanical  Engineers, 
having    joined    in    1901. 

CHARLES    B.    ELLIOTT 

Charles  Bradford  Elliott,  chief  engineer  of  the  Haverhill 
(Mass.)  Electric  Light  Co.,  is  dead  at  the  age  of  41  years. 
He  was  the  son  of  the  late  Edwin  G.  Elliott,  former  superin- 
tendent of  Bradford  academy,  who  died  two  years  ago,  a 
Mrs.  Mary  B.  Elliott,  of  Greanleaf  Street,  Bradford  district. 
In  addition  to  his  mother,  he  also  leaves  a  brother,  George 
E.  Elliott  of   IS  LeRoy  Avenue,   Bradford. 

Mr.  Elliott  was  one  of  the  oldest  employees  of  the  electric 
company,  having  connection  with  it  as  chief  engineer  as 
early  as  the  time  it  was  located  near  the  Boston  &  Maine 
depot  under  the  old  management. 

He  was  a  kindly,  courteous  gentleman,  and  highly  re- 
garded by  the  men  at  the  plant.  Mr.  Elliott  was  a  member 
of  Merrimac  Lodge,  A.  F.  A.  M.,  and  of  the  Blue  Room  Club  of 
Boston.     He  was  unmarried. 

CHARLES   F.    EIKER 

Charles  F.  Eiker,  treasurer  of  the  Perolin  Co.  of  America, 
Chicago  and  New  York,  died  suddenly  at  Cleveland,  Ohio, 
Saturday  morning,  June  6,  where  he  had  gone  to  fill  a  busi- 
ness engagement.  When  he  left  Chicago  the  evening  before 
he  was  apparently  in  perfect  health  and  contemplated  his 
trip  with  unusual  interest.  It  was  to  be  a  farewell  greeting 
between  himself  and  President  Kopper.  who  had  perfected 
all    arrangements    fol     sailing    June    10    for    a    trip    to    Europe. 

"It  was  indeed  fitting  that  these  two  comrades."  says  an 
ofBcer  of  the  company,  "who  have  lauored  with  such  un- 
broken harmony  together  in  the  des  ^lopment  of  Perolin 
products  to  their  present  standard,  snould  have  been  to- 
gether when  the  latch  was  lifted  that  welcomed  one  of  them 
to  eternity.  Far  be  it  from  me  to  intrude  a  word  of  flattery 
on  such  an  occasion:  yet  no  man  was  more  grounded  in  the 
principles  of  common  honesty  than  Mr.  Eiker.  nor  paid  greater 
devotion  to  them  in  the  practical  affairs  of  life.  No  man  pos- 
sessed a  kindlier  nature,  or  could  have  been  a  truer  friend 
or  finer  associate.  There  will  he  no  change  in  the  policies 
of  our  company  and  the  business  will  continue  without  in- 
terruption." 
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SVyOPSIS — TIk'  methods  and  nxitcrial  used  to  rc/jair  a 
brick  chivmey  350  ft.  high  and  having  a  28-ft.  6-in.  base. 
Changes  are  made  in  the  arrangement  of  the  lightning 
conductors.  From  a  stationary  scaffold  at  the  top  of  the 
chimney,  painters'  scaffolds  will  be  hung,  and  all  work 
clone  from  them.  Cotton  rope  is  used.  The  repairs  irill  cost 
about  $10,000.  The  protective  measures  against  liability 
for  injury  and  death  as  adopted  by  the  oirners  are  c.r- 
plained.  Twenty-four  years  ago  a  "jack"  required  two 
iveeks  to  reach  the  top:  this  time  the  jack  gets  up  in 
15  hours. 

Si 
PrEI'AUIXG  to    [XSl'KCT   THE    C'llIMXEY 

A  chinmev  3')it  ft.  liigli,  2S  ft.  (i  in.  wide  at  the  base 
and  serving  the  boilers  for  the  Clark  Thread  Co.,  manu- 
facturer 0  X  T  spool  cotton,  East  Newark,  N.  J.,  em- 
ploying over  1000  hands,  is  an  important  part  of  the 
power  plant.  By  means  of  a  powerful  glass,  the  upper 
part  of  the  chimney  may  be  clo.sely  viewed  from  the 
ground  or  roofs  of  the  mills.  Its  condition  is  thus  watched 
until  the  perceptible  cracks,  openings  between  the  joints 
of  the  brickwork  and  the  corrosion  and  disarrangement  of 
the  top  plate  and  conductors  warrant  engaging  a  steeple- 
jack to  ascend  the  chimney  and  make  a  close-range  in- 
spection. 

Reaches  Top  in  Fiktken  Horus 

Twenty-four  ,\ears  ago  tliis  chimney  was  "pointed  up'" 
and  repaired  generally.  The  '"jack"  at  that  time  required 
two  weeks  to  build  himself  to  the  to])  (there  is  no  perma- 
nent ladder),  but  John  Cook,  the  man  now  doing  the 
work,  reached  it  in  15  hr.  His  methods,  therefore,  are 
interesting.  Figs.  1  to  4  show  the  chimney,  the  steeple- 
jack and  a  part  of  the  brickwork  pointed  up  some  years 
ago  with  special  cement. 

To  hold  the  ladders  and  pulley  blocks,  a  "dog,"  Fig.  o, 
is  driven  into  tlie  brickwork,  the  rope  hitches  being  so 
made  as  to  be  engaged  by  the  projections.  The  dog  has 
a  chisel  point.  It  may  surprise  many  to  know  that  most 
of  the  dogs  holding  the  ladders  are  not  driven  in  the  chim- 
ney more  than  2  in. 

Mr.  Cook  uses  %-in.  cotton  rope  of  good  i|nality  where- 
ever  rope  is  required.  Wooden  ladders  12  ft.  long,  having 
11  ft.  effective  length,  after  allowing  for  joining,  are  used 
for  the  straight  run,  while  24-ft.  ladders  were  provided 
for  getting  out  and  over  the  ■•bell"  of  the  chimney. 

Method  of  Attach in'g  Ladders 
The  method  of  putting  up  the  ladders  is  interesting. 
Assiune  that  the  first  and  second  ladders  are  in  place  at 
the  base  of  the  stack.  Going  to  the  top  of  the  second 
ladder,  the  jack  gets  his  legs  around  the  ladder,  as  shown 
at  the  top  of  Fig.  1,  and  drives  a  dog  into  the  chimney 
as  high  as  he  can  reach.  A  3-lb.  machinist's  hammer  is 
used.  A  block-and-fall  is  attached  to  this  dog  and  an- 
other ladder  is  hoisted  by  the  helpers  below.  The  sling 
is  fastened  below  the  center  of  gravity  of  the  ladder  so 
that  the  jack  can  tip  it  down  to  a  vertical  position  pre- 
paratory to  lowering  it  into  the  rung  projection  of  the 
ia.dder  below.    The  ladder  is  then  tied  to  the  newly  driven 


dog  and  another  is  driven  ncai-  the  top  of  the  topmost 
ladder,  that  ladder  being  then  tied  to  the  dog.  This 
process  is  used  throttghoitt,  with  slight  modifications 
where  the  24-ft.  ladders  swing  out  over  the  bell. 

Having  reached  the  top,  provision  is  made  for  fasten- 
ing blocks-altd-falls  on  which  to  hang  two  bos'n's  chairs, 
one  on  each  side  of  the  chimney.  These  secured,  the  jack 
is  pulled  up  by  his  assistants  and  the  stack  is  inspected, 
each  chair  being  pulled  ai-oiuid  to  enable  the  workman  to 
inspect  the  entire  surfac<'. 

How  the  CoNTiiACT  Is  Made 

In  the  ease  of  the  Clark  company  the  jack  contracted  to 
make  an  inspection  and  to  report  on  the  condition  of  the 
chimney.  This  constitittes  a  separate  job.  All  the  repair 
work  will  be  done  in  this  manner — i.e.,  the  jack  will  re- 
ceive a  certain  sum  for  pointing  up  the  brickwork,  another 
sum  for  repairing  the  lightning  condtictors,  and  so  miuli 
for  repairing  the  top  plates,  which  have  a  total  weight 
of  six  tons. 

Peotectiov  against  Liability  for  Accidi-xt 

On  account  of  the  workman's  compensation  and  em- 
ployers" liability  laws  as  they  exist  in  many  states,  it  is 
now  general  practice,  where  possible,  to  fence  off  a  plot 
around  the  chimney,  this  inclosure  being  the  jack's  out- 
right. "Xo  Admittance"  and  "Danger"  signs  are  con- 
spicuous. If  a  company  employee  goes  inside  and  is  in- 
jured or  killed,  the  company  is  not  responsible;  neither 
is  it  in  anyway  liable  for  injury  or  death  to  the  jack  or 
his  men;  the  former  is  heavily  insured,  a  special  policy 
being  carried.  Figs.  1  and  4  show  the  inclosure;  notice 
the  jack  in  the  chair  in  Fig.  4  ready  to  be  hoisted.  One 
gets  a  .good  conception  of  the  size  of  the  chimney  liase 
from  this  picture  and,  from  Figs.  1  and  8  is  able  to  aj> 
predate  its  height. 

A  few  years  ago  the  chimney  was  struck  by  lightning, 
and  this,  perhaps,  accounts  for  two  cracks,  one  about  10 
ft.  long,  near  the  top,  and  another  approximately  40  ft. 
long,  about  40  ft.  below  the  top  crack.  At  places  along 
the  large  crack  a  strong  odor  of  gas  proves  that  the  crack 
is  through  the  brickwork.  The  cracks  will  be  filled  in, , 
and  the  larger  one,  in  addition  to  filling,  will  have  two  or 
three  heavy  gunmetal  bands  titled  to  i-einfone  the  chim- 
ney at  that  ]ioiul:. 

Ri;rAii;s  to  Tin;  LniirrNiNG  Coxdictor 

The  present  lightning  coniluctor  consists  of  a  2%xi4- 
in.  copper  band  bolted  to  the  top  of  the  iron  plates  on 
the  bell.     Connected  to  this  band  are  four  li/4-in.  copper  ' 
"])oints,"  spaced  equidistantly  and   rising  vertically  for 
20  in.     Another  2%xi4-in.  band  is  fastened  below  the 
bell,  as  in  Fig.  6.    To  these  two  bands  are  bolted  g%x3Vs- ; 
in.  copper  strips,  the  latter,  on  the  north  and  south  sides, 
running  to  the  ground,  where  the  coils  shown  are  placed  j 
in  a  bed  of  gas  retort  carbon  about  2%  ft-  below  the  sur-  j 
face.     Spaced  11  ft.  4  in.  apart  are  Vi;-in.  round  copper; 
points  which  project  4  in.  at  right  angles  to  the  length  of 
the  chimney.     The  copper  strips  are  looped  to  a  li/^-in. 
radius,  the  loops  being  spaced  11  ft.  4  in.  apart,  a  point 
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Tic.  1.     Putting-  up  thp  ladders  as  sepn  through  a  telescope.     Fig-.   2.     .Tohn   Cook,   steeplejack.      Fig.    3.      Wall    polntid   with 
high-grade  coinent.     Fig.  4.     At    the    base   of    the    chimney. 
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being  placed  between  eaeb  loop.    The  clamps  used  to  hold 
the  strips  are  merely  pieces  of  3%xi/4-in.  copper,  long 
enough  to  cover  the  strip  and  leave  room  for  nailing  it  to 
the  brickwork.    All  these  features'  ajre  shown  in  Fig.  6. 
Changes  are  to  be  made  in  tlie  arrangement  of  the  con- 

t<-20'->^       /" 

M\'^-I^Sq.Copper 
Pointed 


'Copper  Ring 


Details  Used  in  Stack  Repair 

Fig.  5.  "Dog"  used  by  the  steeplejack.  Fig.  6.  Showing 
arrangement  of  lightning  conductor.  Fig.  7.  Clamp  for 
copper    conductor    strips. 

ductor.  Instead  of  a  ring  at  the  very  top,  one  will  be 
placed  about  6  ft.  below,  and  another  in  the  plaf^' now 
occupied  by  the  present  lower  one.  Points  a  little^V^ver  6 
ft.  long  will  be  placed  vertically  on  the  top  ring*  and 
braced  from  the  top  plate.  A  more  substantial  clamp, 
such  as  shown  in  Fig.  7,  will  be  used.  .  To  set  the  new 
clamps,  the  chimney  will  be  drilled  to  admit  the  shank 
its  entire  length ;  broken  brick  will  be  driven  in  around  it 
and  thin  grouting  poured  in. 

From  the  groimd  to  a  height  of  about  80  ft.,  the  con- 
ductor is  as  sound  as  when  put  on  24  years  ago,  but  it  is 
corroded  away  perceptibly  above  it.  Viewed  from  the 
ground,  the  lower  part  is  black,  and  then  as  the  corroded 
part  is  reached  it  appears  bright,  having  a  whitish-green 
color  where  most  corroded. 

The  Stationary  and  Movable  Scaffolds 

Preparatory  to  pointing  the  brickwork,  a  stationary 
scaffold  is  built  at  the  top  of  the  chimney  immediately 
under  the  bell.  It  is  simple,  consisting  mainly  of  4x6-in. 
planking,  24  ft.  long.  There  are  four  of  these  planks, 
joined  and  situated  as  in  Fig.  8.  After  the  brickwork 
above  the  floor  is  pointed,  two  painter's  scaffolds  will  be 


Fig.  8.  Showing  the  Stationary 
Scaffold 
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hung  from  the  statiouarv  one.  and  from  those  all  work 
l)elow  will  be  done. 

The  appro.ximate  cost  of  all  repairs  is  $10,000. 
Composition  of  Cejiext  for  Pointing 

The  cement  used  for  pointing  is  most  durable;  Fig.  3 
shows  a  wall  partly  pointed  over  three  years  ago.  The 
cement  is  very  liard,  and  when  a  knife  is  used  to  chip  it 
off  to  test  it,  the  brick  will  break  off  with  the  cement.  The 
jack  stated  that  this  cement  will  outlast  any  other  made. 
.\lthough  the  old  cement  in  this  wall  was  put  on  years  be- 
fore the  new,  and  should  therefore  show  signs  of  deteriora- 
tion, it  will  be  noticed  that  there  is  a  big  difference  in 
quality  in  favor  of  the  new. 


This  cement  is  made  as  follows :  47  per  cent,  burned 
white  sand  (passed  through  very  fine  mesh  screen),  -46 
per  cent,  whiting,  5  per  cent,  red  lead  and  2  per  cent, 
litharge.  It  must  be  well  mixed  while  dry,  and  turned 
four  or  five  times.  Enough  boiled  linseed  oil  is  used  to 
give  it  a  not  too  thick  consistency.  A  charge  of  $1.50  per 
square  yard  is  made  for  pointing  with  this  cement. 

The  repairs  are  being  done  by  John  Cook,  South 
Orange  Ave.,  ^STewark,  X.  J.,  who  takes  pride  in  relating 
that  he  has  worked  on  most  of  tlie  highest  chimneys, 
spires  and  bridges  in  the  world,  and  will  continue  until — 
well,  until  he  drops.  He  will  do  this  some  day,  for,  he 
savs,  "Thev  all  do." 


The  variety  of  uses  to  which  compressed  air  nuiy  be 
profitably  put  in  a  manufacturing  plant  is  exemplified 
at  tlie  mills  of  the  Burgess  Sulphite  Fibre  Co.,  Berlin, 
X.  H.    The  principal  output  is  sulphite  fiber  pulp. 

As  the  plant  is  Iniilt  on  rocky  ground,  each  addition  or 
extension  to  the  building,  and  each  alteration,  such  as 
clianges  in  piping  location,  means  removing  rock  or  cut- 
ting holes  in  concrete  wails  or  floors.  For  this  work  about 
15  compressed-air,  hand-hammer  drills  are  necessary. 
.\ir  is  also  employed  in  boring  holes  in  wood  and  metal, 
about  20  small  pneumatic  boring  tools  being  kept  on 
hand  for  these  jobs,  and  used  also  for  rolling  boiler  tubes, 
etc. 

There  are  18  digesters,  each  about  15  ft.  in  diameter 
and  50  ft.  high.  The  shells  are  made  of  very  heavy  steel 
plates  to  withstand  the  steam  pressure  of  80  lb.  To  pro- 
tect the  plates  from  the  action  of  the  sulphuric-acid 
fumes,  the  interior  is  lined  with  a  special  firebrick,  the 
joints  being  laid  in  a  special  acid-resisting  cement.  When 
defects  are  found  in  this  lining,  as  happens  occasionally, 
they  must  be  repaired  immediately  so  that  no  acids  may 
penetrate  through  to  the  exterior  steel  plating.  In  mak- 
ing these  repairs,  pneumatic  chipping  hammers  are  used 
to  cut  out  the  brick. 

The  gate  valves,  10  in.  in  diameter,  at  the  bottom  of 
tlie  digesters  were  formerly  opened  by  hand,  a  somewhat 
laborious  process  with  SO  lb.  pressure  behind  them.  They 
are  now  opened  by  rotary  air  motors,  connected  to  pul- 
leys mounted  on  shafts,  which  in  turn  are  geared  to  the 
valve  stems.  These  motors  are  reversible,  so  that  the 
valves  may  be  opened  or  closed.  There  are  nir  whistles 
at  a  number  of  points  in  the  plant  for  signaling  piirposi>3, 
etc. 

The  finished  pulp  is  conveyed  from  one  point  to  another 
l)y  wood-stave  pipes  nuide  of  narrow  strips  of  wood  of 
the  desired  diameter,  and  lield  in  shape  bv  %-in.  hoops 
of  round  iron  placed  at  frequent  intervals.  The  hoops 
are  formed  at  the  j)lant  bv  a  set  of  bending  rolls  operated 
by  a  pneumatic  rotary  drilling  tool.  Tlie  hoops  can  be 
bent  up  in  a  few  minutes  to  meet  all  the  requirements  for 
some  time,  and  the  rotary  drill  is  then  available  for  other 
use. 

Air  hoists  are  also  placed  at  various  points  in  the  mill 
for  raising  the  covers  from  the  digester  tanks  or  for 
similar  work. 

.VnotiuT   iiicidentiil    use  of  air  consists  in    rclbri'iidinij 


the   numerous   odds   and   ends   of    bolts   that   accumulate 
about  a  plant  of  this  sort,  a  rethreading  machine,  driven 


MoTOn-DlilVEN    ANGT-F.-COMPOUNn     All?     CoJfPRESSOR 

by  a  rotary  air  tool,  having  been  iirrnngcd  recently  to  re- 
cut  or  clean   the  l)()lt   threads. 

.\llt   CoMI'IiESSORS 

Compressed  air  for  the  various  tools  and  operations  is 
sup])lied  by  two  Sullivan  angle-compound  compressors, 
witli  low-]iressure  cylinders  Ki  in.  and  high-pressure  cyl- 
inders 9%   in.   in   diameter;   the  stroke   is   12   in. 

These  machines,  shown  in  the  illustration,  are  driven 
by  a  belt  from  individual  115-hp.  motors  mounted  above 
iliem.  Eacli  compressor  supplies  628  cu.ft.  of  free  air  at 
22.5  r.p.m.  Ordinarily,  but  one  machine  is  operated,  the 
second   being  held   in   reserve. 

This  new  type  of  air  compressor  (described  in  the  Dec. 
9,  1913,  issue  of  Power)   was  selected  on  account  of  its 
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larije  displacem'^nt  capacity  as  comiiaivd  with  tlie  small 
floor  area  required.  As  the  engine  room  had  to  be  ex- 
cavated out  of  the  solid  rock,  it  was  important,  for  con- 
struction reasons  alone,  that  the  air  |ilant  should  occupy 


as  little  room  as  jjossihle.  The  overhead  drive  was  an- 
other device  adopted  to  economize  floor  space.  These 
machines  have  been  installed  for  nearly  a  year  and  have 
sjiven  satisfactorv  service. 


i^YNOrSIS — Will  Qinzz,  -Jr.,  has  diffiniUy  in  iclentify- 
iiuj  ihc  irftini  water  in  the  pipe  as  mereli/  a  liquid  piston 
in  a  long  njlindei-  af/ainst  vliich  the  steam  ads.  Chief 
Teller  endeavors  to  male  the  matter  clear. 

■•Chief  Teller,  I  may  be  like  the  fellow  who  understood 
all  aljout  an  automobile  except  how  it  could  go  without  a 
horse  hitched  to  it,  but  I  don't  quite  see  how  the  indirect 
coils  in  the  sub-basement  keep  clear  of  water  when  some 
of  them  at  the  far  end  of  the  building  are  only  a  foot 
above  the  floor.  The  trap  is  on  tlie  floor,  but  the  base- 
ment floor  is  8  ft.  below  that  of  the  power  house,  and  the 
top  of  the  open  tanlc  again  is  at  least  6  ft.  above  the  floor, 
making  14  ft.  elevation  in  all.  How  does  the  water  get 
back  without  a  pump  to  push  or  pull  ?" 

"The  coils  do  keep  clear  of  water  wlien  you  keep  5  lb. 
steam  pressure  on  the  building,  don't  they.  Will  ?" 

"Yes,  chief,  and  that's  what  I  can't  see  through.'' 

"Suppose  we  use  a  glass  U-tube  about  half  filled  with 
water  to  demonstrate.  If  all  pipes  were  made  of  trans- 
parent glass,  we  could  then  easily  catch  onto  some  things 
liard  to  understand  in  dealing  with  steam,  air  and  water 


Fig.  1.     A  T-TrisE 

in  heating  systems.  Here  we  are  (Fig.  1).  I  keep  this 
bent-glass  tube  for  just  this  purpose,  and  by  keeping  in 
mind  its  lessons  the  whole  matter  becomes  easier  to  rea- 
son out 

"Now,  see  how  the  water  acts  when  you  exert  even  a 
sliglit  pressure  of  air  on  one  leg  of  the  tube.  If  you  in- 
troduce more  water  into  the  air  space  it  will  overflow  at 


the  other  side,  bxit  the  difference  in  level  will  remain  the 
same  as  long  as  the  air  pressure  remains  constant.  The 
steam  pressure  acts  in  just  the  same  way  in  the  heating 
system.  There  would  lie  no  danger  of  the  radiators  flood- 
ing with  pressure  du.  A  pressure  of  steam  on  one  side 
will    force   the  wntvv   down   in   that  side  and   up   in  the 


Fio. 


Trap  above  the  Eeturx 


other.  The  difl'erence  in  the  levels  will  be  a  column  of 
water,  the  weight  of  which  is  equal  to  the  pressure  ex- 
erted by  the  steam.  If  the  water  is  cold,  approximately 
fiO  deg.  F.,  the  height  for  a  5-lb.  pressure  will  be  about 
11. .5  ft. 

"The  rule  is  to  midtiply  the  pressure  by  2.3  to  get 
the  equivalent  in  feet  elevation,  or.  each  foot  in  height 
is  equal  to  0.434  lb.  (a  little  less  than  one-half  pound) 
pressure.  These  two  constants  are  mighty  handy  to  re- 
member, Will. 

"As  the  water  we  are  dealing  with  is  hot,  it  is  not  so 
heavy  per  foot  of  elevation.  Besides,  the  small  amount 
of  steam  present  incidental  to  the  release  of  pressure 
helps  to  lighten  the  column  and  to  increase  its  velocitv. 
so  that  with  a  5-lb.  pressure,  we  have  an  active  return 
and  the  radiators  clear  of  water. 

"You  will  notice  that  in  this  diagram  (Fig.  2),  the 
trap  is  about  18  in.  above  the  return  in  the  basement, 
which  is  on  the  same  level  as  the  power  house.  This  is  all 
right  although  it  seems  contrary  to  the  rules. 

"When  this  trap  was  first  installed  the  steam  fitter  had 
not  connected  the  equalizing  pipe  and  the  basement 
sounded  like  a  boiler  shop,  the  pipes  hammered  so.  The 
reason  was  that  the  return  lines  had  steam  and  water 
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flowing  through  them  at  the  same  time.  The  slugs  of 
water  traveling  at  a  rapid  rate  and  eoming  in  contact 
with  one  another  and  the  short-tui-n  fittings  caused  water- 
hammer.  In  other  words,  it  was  neither  a  wet  nor  a  dry 
return.  As  you  will  see.  the  trap  is  connected  on  what 
is  equivalent  to  the  discharge  side  of  the  U-tuhe,  so  that 
all  the  water  woidd  be  driven  out  of  the  system  when 
the  trap  was  in  the  discharging  or  oiien  position,  and 
when  in  the  other  or  close  position  the  lines  would  have 
to  lill  with  water  again  before  the  trap  would  discharge. 
The  whole  operation  would  be  noisy.  The  ciinalizing 
connection  is  made  from  the  steam  header,  or  iis  i'i|uivM- 


FiG.  3.     A  Hpkixg-Loaded  Valve  axd  Xo  Thai- 

lent,  to  the  inlet  side  of  the  trap,  so  that  the  water  level 
is  maintained  at  the  level  of  the  trap. 

'"Xow,  if  yon  put  an  adjustable,  siiring-loaded  valve 
(it  is  commonly  called  a  water-relief  valve)  in  the  equal- 
izing pipe  line  the  level  of  the  water  can  be  regulated  by 
it   to  any  point  l)elow  the  trap  level. 

'"Keeping  the  U-tube  in  mind,  consider  a  trap  as  con- 
nected on  its  di.scharge  side.  With  sufficient  ])ressure, 
the  water  will  be  exqielled  downward  and  entirely  out  of 
the  one  side  and  uji  the  other  to  the  trap.  But  this  is 
not  a  desirable  condition  for  a  heating  system.  l)ecause. 
as  before  stated,  the  water  and  the  steam  would  mingle 
and  cause  water-haminci-.  The  equalizing  ])i]ie  is  virtuallv 
a  bypass  connection  biiwccii  the  two  sides  of  the  I'-tubc 
at  sonic  point  above  the  bottom.  It  is  obvious,  then,  tlial 
the  boltoin  of  the  I'-tubc  {o|-  its  e(|uivalent,  the  ivliii-n 
line)  cannot  be  emiJtii'd  by  air  or  steam  pressure,  while 
the  bypass  remains  open  or  unobstructed.  The  result  is 
that  liy  the  use  of  resistance  the  water  will  be  driven 
down  until  it  reaches  the  desired  level  and  not  below  it. 
The  amount  of  resistance  used  «'ill  determine  the  rela- 
tive level   oil   the   lud  sides. 

'"Sujipose,  tlieii.  that  it  was  not  convenient  to  locate 
the  tra])  just  at  tlu!  level  it  is  desirefl  to  have  the  fixed 
water  line,  it  can  be  located  above  that  point  by  ])utting 
a  spring-loaded  valve  in  thi;  equalizing  or  bypass  ])i])e. 
In  other  words,  for  any  desired  difference  in  level  the  re- 
Bistance  of  the  valve  must  etpial  the  amount  of  the  un- 
balanced weight  of  the  two  columns  of  water. 


I  have  used  a  spring-loaded  valve  alone,  without  a 
trap.  Fig.  3  shows  the  conditions  in  that  case.  The  steam 
pressure  was  constant  and  the  discharge  at  the  ceiling 
of  the  basement  had  a  height  of  14  ft.  By  simply  ad- 
justing the  tension  on  the  water-relief  valve,  the  water 
level  was  established  and  maintained  at  any  point  desired 
in  the  down  side  (of  the  TJ-tube),  as  shown  by  the  gage- 
glass.  This  level  did  not  vary. more  than  1  in.  in  op- 
eration." 


The  furnace  shown  has  been  designed  to  burn,  effi- 
ciently and  without  smoke,  any  kind  of  low-grade  nut  or 
slack  coal.  It  is  equipped  with  an  inclined  grate  having 
two  fuel  pushers  operated  by  the  levers  shown  and  an 
ash-dumping  plate  at  the  rear;  it  may  also  be  operated 
I  rom  the  front  of  the  furnace.  To  secure  smokeless  com- 
bustion, a  quantity  of  coal  is  stored  directly  inside  of  the 
firing-door,  where  the  heat  reflected  from  the  arch  drives 
off  the  volatile  gases.  Air  entering  through  small  holes 
in  the  firing-door  combines  with  the  gases,  and  the  mix- 
ture is  burned  as  it  passes  over  the  incandescent  fuel  at 
the  rear  of  the  grate,  whit'b  receives  its  air  supply  from 
the  ashpit. 

Each  shifter  is  made  up  of  n  series  of  sector-shaped 
elements  attached  to  connecting  links  which  are  pivoted 
to  a  rod  running  crosswise  with  the  furnace.  Xornuilly, 
the  elements  are  flush  with  tlie  grate,  but  by  means  of  the 
operating  levers  they  nuty  be  raised  through  spaces  in 
the  grate  to  push  the  coal   towani   tlie   rear.     The  arc  at 


SiiowiNc   S'roKi:!!   and   I'l'iiXAci-; 

the  larger  end  makes  it  possible  for  the  sectors,  in  jiny 
liositioii,  to  till  the  o])eiiings  and  pi-e\ent  line  coal  falling 
through  to  the  ashjiit.  The  dump  pbite  is  pivoted  back 
of  the  center  to  give  a  large  opening  lor  clinkers,  and 
the  rear  part  of  the  i)late  is  curved  u))wai-d,  so  that  when 
the  ashes  are  dumped  it  will  project  over  the  ojiening  and 
tend  to  push  the  clinker  down   to  the  ashjjit. 

When  the  incandescent  coal  on  the  lower  shifter  lias 
been  nearly  consumed,  it  is  dumped  onto  the  ash  plate  at 
the  back,  and  the  elements  of  the  shaker  are  brought  back 
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to  their  nonnal  position  to  receive  tlic  coked  coal  puslied 
back  bv  the  front  shifter.  The  fresh  coal  then  moves 
onto  the  front  shifter,  where  the  coking  action  is  com- 
pleted. It  is  possible  to  insert  a  large  charge  of  coal  at 
each  firing  so  that  the  door  is  opened  only  at  long  in- 
tervals and  conditions  are  right  for  smokeless  and  effi- 
cient burning  and  reduced  labor  by  the  fireman.  By  rea- 
son of  the  correctly  designed  combustion  arch  and  tlie 
manner  in  which  the  coal  is  progressively  fed  down  the 
grate,  automatic  stoker  conditions  and  economies  can  be 
duplicated  with  this  furnace  at  a  cost  slightly  in  excess 
of  that  of  a  stationary  grate  installation. 

The  furnace  is  designed  and  manufactured  by  the  Xew 
Albanv  Manufacturing  Co.,  New  Albany,  Ind. 


In  line  with  the  slogan  "Safety  First,"  the  Engineers 
Specialties  Co.,  333  South  Dearborn  St.,  Chicago,  is  put- 
ting out  a  water  gage  with  a  fiat  glass  about  %  in.  thick 
for  stationary  and  marine  work.  The  gage  has  been  in 
use  in  the  locomotive  field  for  a  number  of  years. 

As  indicated  in  the  drawings,  the  glass  is  clamped  be- 
tween two  naval  bronze  castings,  witli  a  passage  for  water 


(fe.t,      J  Front 


Froxt,  Rear  and  Sectioxal  View  (3F  Water  Glass 

and  steam  at  the  rear.  On  the  water  or  rear  side  the  glass 
is  con-ugated  so  that  there  is  no  reflection  of  light,  and 
the  water  getting  into  the  grooves  appears  jet  black. 
Above  the  water  line  the  glass  has  a  white  metallic  ap- 
pearance so  that  the  contrast  is  decided,  thus  the  water 
level  may  be  seen  easily  from  any  point  in  front  of  the 
gage.  The  glass  is  thick  enough  to  withstand  any  pres- 
sure used  in  boilers.  There  is  no  breakage  and  flying  of 
glass  as  with  the  ordinary  round  tube.  On  rare  occasions 
the  glass  has  been  known  to  become  friable  in  spots  and  a 
small  pinhole  leak  will  develop.  In  such  a  defect  there  is 
no  particular  danger  to  the  fireman,  however,  and  the 
remedy  is  a  new  glass. 


Fig.  1.     Boiler  Room  Jxni- 

CATING    PyROJIETER 


Severe  losses  can  occur  in  boiler  operation  from  an 
excessive  temperature  in  the  stack,  and  the  loss  of  val- 
uable   heat    units    whicli    should    be    utilized   under    the 

boiler.  Considerable 
data  on  boiler  op- 
eration can  be  pro- 
cured from  meas- 
urements of  the 
temperature  in  the 
furnace.  Tests  will 
sliow  whether  an  ex- 
cessive percentage 
of  the  heat  is  pass- 
ing up  the  chimney ; 
Liive  the  relative  re- 
sults secured  from 
each  boiler ;  and 
show  if  the  fireman 
cleans  the  fires  at 
the  proper  time  and 
tlie  flues  are  kept 
clean. 

These  tempera- 
tures can  be  readily 
noted  by  the  use 
of  the  electric  pyrometer,  made  by  the  Brown  Instrument 
Co.,  Philadelphia,  Penn.,  to  indicate  the  temperature  in 
either  the  first,  second,  third  or  fourth  pass  of  a  boiler ; 
or  at  all  these  points  if  desired,  and  also,  if  convenient, 
at  the  top  of  the  furnace. 

One  type  of 
equipment  is  the  in- 
dicating pyrometer, 
with  a  switchboard 
near  the  boilers,  by 
means  of  which  the 
fireman  can  switch 
onto  the  one  indi- 
cating instrument. 
Thermocouples  are 
placed  in  the  vari- 
ous passes  or  in  the 
firebox,  and  the 
temperature  noted. 
At  the  same  time 
the  chief  engineer 
should  have  a  re- 
cording pyrometer 
in  the  office  to  keep 
a  day  -  and  -  night 
temperature  record 
on  a  chart,  of  either 
one  or  all  of  the  boilers  which  are  carrying  a  load. 

Fig.  1  illustrates  the  standard  form  of  the  electric 
pyrometer,  with  a  switchboard  for  the  fireman  to  switch 
the  instrument  on  to  any  lioiler.  Fig.  2  shows  the  record- 
ing pyrometer  for  the  chief  engineer's  office. 

Operators  vs.  Output — Contrary  to  what  one  might  as- 
sume, a  20,000  or  25,000-kw.  turbine  generating-  unit  does  not 
require  additional  operators  over  a  12,000-kw.  unit  in  propor- 
tion to  the  increase  in  output.  The  output,  per  man  required 
for  operating,  increases  from  40  to   50  per  cent. 


Fig. 


Office  Recording 
Instrument 
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By  C.  V.  Hull 


The  power  SA'stem  of  a  large  manufacturing  ])lant  was 
changed  from  110-volt  generators  ou  a  three-wire  circuit 
to  SSO-voIt  generators  with  l)alaneer  sets  on  the  same  cir- 
cuit. Soon  aftjr  tlie  change,  trouhle  with  the  commutators 
of  the  balancer  set  matle  several  days'  repair  worlv  nec- 
essary. It  had  been  jjlanned  to  have  two  balancer  sets, 
but  tlie  second  had  not  arrived  and  repairs  had  to  be 
made  and  the  power  kept  on.  In  order  to  prevent  any 
shutdown,  the  electrical  department  arranged  a  temporary 
balancer  set. 

This  work  was  liandicapped  because  there  were  not  two 
similar  motors  in  stock,  but  two  110-volt  motors  were 
selected  and  fitted  with  pulleys  of  proper  sizes  to  allow 
each  to  run  at  its  rated  speed.  These  motors  were  anchored 
in  Ime  and  belted  up. 

The  field  current  of  each  was  carefully  determined. 
Then  the  two  fields  were  connected  in  series  across  the 
220  lines.  But  to  give  the  field  requiring  the  greater  cur- 
rent full  strength,  two  small  rheostats,  R  and  R^  were 
connected  in  parallel  with  the  field  of  the  motor  which 
required  the  least  current.  This  gave  full  field  to  both 
motors  since  the  rheostats  were  adjusted  to  care  for  the 
difference  between  the  two  fields. 

The  armatures  were  connected  in  series  across  the  220- 
volt  mains,  and  the  current  in  starting  passed  through 
the  rheostat  S.  After  starting,  the  terminal  posts  were 
short-circuited  by  "the  single-pole,  single-throw  switch  (', 
from  which  the  current  flowed  through  the  armatures  in 
series,  then  to  the  main  through  switch  D. 

The  neutral  v.-ire  was  connected  to  the  armature  circuit 
by  a  big,  old-fashioned  single-pole  switch  E,  which  was 
used  because  it  was  the  only  one  laige  enough  in  stock. 

Two  small  single-pole  switches,  A  and  A^  were  pro- 
vided in  the  field  circuit  in  case  it  seemed  advisable  to 
make  any  changes  in  the  wiring  or  the  rheostats  men- 
tioned. A  permanent  opening  was  also  made  in  the  field 
circuit  in  case  repairs  or  changes  were  needed,  since  ii 
was  not  certain  that  the  outfit  would  do  even  temporary 
service. 

No  ammeters  were  installed  as  it  was  not  thouglit 
necessary  to  know  the  amount  of  unbalanced  load.  A'olt- 
meters  were  connected  as  usual  and  indicated  ])ractically 
the  same  voltage,  showing  the  load  to  l)e  fairly  well  l)al- 
anced. 

The  starting  directions  for  tlic  men,  wlio  were  engine 
operators  and  knew  little  of  electrical  work,  were  as 
follows : 

To  start  the   balancer  set: 

See   that   switches   A  and   A,   are   closed. 

Close  switch   F. 

Move  lever  of  rheostat  S  slowly  to  running  position. 

Close   main    feeder  switch    B. 

Close   switch   C. 

Close   switch   E. 

Close   switch    D. 
To  stop   the   Ijalancer  set: 

Sec  that  main  line  switch   B  is  open. 

Open   switch    P. 

Open    switch   D. 

Open   switch   C. 

Open   switch    E. 
CAITTION — He    sure    that    the    main    line    switch    B    is    open 
tjntll    the    balancer    set    is    started    and    before    stopplne    the 
balancer   set.      Do   not    pull   any  switch    on    the    balancer   board 
before    B   is   pulled. 

Tt  will  be  seen  fi'oni  the  directions  that  the  balancer 
was  started  as  two  110-volt  motors  in  series  on  a  220-volt 


circuit.     Then  the   neutral  was  cut   in  .before   the  load 
switch  was  closed. 

This  temporary  set  did  excellent  service  for  some  time. 
Of  course,  there  were  times  when  the  voltage  regulation 
was  not  all  that  could  be  desir3Q,  but  the  belt  always 
stayed  on  even  when  the  load  was  considerably  unbal- 
anced. The  power  service  was  always  good,  although  the 
lights  on  the  heavy  side  were  sometimes  dim  for  a  few 
moments. 


■yT  2  Pole  Switch 


(<S^-y-x>j  Voltmeters.  n5^V~~^ 
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WiiiiN'G  or  Bal.vxct^k  Set 

Despite  the  crudcness  of  the  arrangement,  the  men  had 
no  real  trouble  with  it.  Xo  one  attempted  to  start  the  set 
without  closing  the  field  switches  A  and  .ij.  Once  tlie 
main  switch  wa,3  closed  before  the  set  was  started,  which 
caused  the  breaking  of  a  number  of  incandescent  lamps. 
'I'he  outfit  was  so  satisfactory  that  it  was  kept  as  an 
emergency  outfit  until  a  second  set  was  installed  for 
permanent  use,  at  24-hr.  service  made  two  sets  necessary. 
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8.  F.  Jeter,  Hartford,  C'oim.,  liiis  lately  patented  a 
means  for  detecting  cracks  at  the  seams  of  boiler  shells 
before  the  cracks  have  become  dangerous.  The  plan  is  to 
form  one  or  more  small  pockets  or  slots  in  the  plate  or 
plates  adjacent  to  the  points  where  cracks  are  likely  to 
occur.  These  slots  are  small  enough  not  to  appreciably 
decrease  the  strength  of  the  plates.  When  the  crack  starts 
it  ((intiuues  until  it  opens  into  the  slot  in  the  ]ilate, 
and   then   leakage  of  steam  or  water  will  occur   to  give 
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seam  needs  attention.  The  same  is  true  for  a  crack  as  at 
E  in  the  plate  F.  A  slot  G  is  made  on  the  inside  of  the 
plate  F,  and  to  promote  observation  of  it  a  piece  is  cut 
out  of  plate  C  over  the  slot  in  F. 

With  a  butt  strap  joint.  Fig.  2,  where  the  inside  strap 
.1  is  larger  than  the  outside  strap  B,  cracks  C  and  D  oc- 
casionally occur.  Usually  they  cannot  be  detected  until 
dangerous,  because  they  are  inside  the  edges  of  plate  A 
and  must  come  all  the  way  through  the  plates  before 
being  detected  from  the  outside  of  the  shell.  By  slot- 
ting the  plates  A'  and  F,  as  at  G  and  H,  steam  will  blow 
through,  giving  warning  of  the  approach  of  a  dangerous 
condition  of  the  joint. 

When  the  straps  are  the  same  width  as  in  Fig.  3,  sec- 
tions of  the  outside  strap  may  be  cut  away  over  the  slots 
in  the  butting  plates. 
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The  illustration  shows  a  seetion  through  one  of  three 
Heine  water-tuljc  boilers,  of  .")4i)  hp.  each,  at  the  Lytton 
Bldg.,  Chicago.  They  are  equipped  with  McKen/.ie  chain- 
grate  stokers,  with  a  divided-pass  method  of  batfling,  as 
shown.  Each  boiler  is  built  for  200  lb.  working  pressure, 
with  two  large  shells,  of  three  sheets,  i/.  in.  in  thickness. 
The  longitudinal  seams  are  of  the  trijjle-riveted,  double- 
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Whkki:  Slots  Ake  LocATt:u  fok  Diffekext  Kixds  of 
Joints 

warning  of  the  presence  of  the  crack  before  it  extends 
completely  through,  or  to  the  edge  of  the  plate.  Of  course, 
the  slots  are  not  cut  clear  through  the  plate ;  they  consist 
of  a  recess  in  the  plate,  making  it  thinner  over  the  place 
where  a  crack  may  develop.  The  length  of  the  slot  must 
be  run  transversely  of  the  riveted  joint. 

In  Fig.  1  is  shown  a  lap  joint  with  the  places  where 
cracks  usually  occur,  A  and  B.  Sometimes  a  crack  A  will 
start  on  the  inner  surface  of  plate  C  over  the  edge  of  the 
plate  beneath  and  gradually  work  to  the  outer  edge  of 
plate  C.  Ordinarily,  this  crack  cannot  be  seen  until  it 
has  reached  the  outer  edge  of  plate  C,  when  a  dangerous 
condition  will  have  been  reached.  By  slotting  the  plate 
C,  as  at  D,  and  decreasing  its  thickness,  the  plate  will 
crack  through  at  this  point  and  give  warning  that  this 


Boii.t'.i;    wjTH    Divided-Pass    Bafflixg 

strap,  butt-joint  type,  and  the  round-about  seams  with 
lapped  joints,  single  riveted.  The  water  legs  are  built  of 
two  sheets,  machine  flanged  and  joined  by  a  butt  strap 
along  the  bottom  and  sides ;  the  legs  are  stayed  with 
twice  the  customary  number  of  hollow  stay-bolts.  Each 
boiler  has  three  hundred  and  forty-nine  3i/.-in.  by  16-ft. 
seamless  tubes,  No.  9  gage. 

The  boilers  are  supported  on  a  steel  chair  at  the  rear, 
and  cast-steel  brackets,  riveted  to  the  sides  of  the  front 
water  legs,  rest  upon  column  supports. 

The  lowest  row  of  tubes  is  encircled  by  L-tiles  to  with- 
in about  .5  ft.  of  the  rear  water  leg.  This  row  of  tiling 
serves  as  a  roof  for  the  furnace  and  combustion  chamber 
and  permits  of  a  simple,  standard  arrangement  of  the 
stoker,  with  plenty  of  room  to  give  the  flames  time  to 
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bum  out  without  an  excessively  high  setting.  The  flame 
travels  horizontally  and  the  gases  burn  out  in  the  ooni- 
liustion  chamber  before  reaching  the  tubes. 

The  middle  baffle  rests  upon  the  ninth  row  of  tubes, 
with  an  opening  both  front  and  rear.  The  top  baffle  ex- 
tends from  the  rear  to  within  several  feet  of  the  front 
water  leg,  leaving  an  opening  for  the  discharge  of  the 
gases  from  the  boiler  tubes.  The  gases  entering  the  boiler 
divide  into  two  streams,  one  flowing  beneath  and  the  other 
above  the  middle  baffle.  The  gases  flow  under  the  boiler 
drums  before  passing  to  the  smoke  outlet. 

An  imju'oved  governor  for  water  turbines  wherein  float- 
ing levers  have  been  dispensed  with,  is  illustrated  here- 
with. The  governor  sleeve  is  mounted  on  an  aluminum 
crosshead  C,  which  rises  and  falls  with  the  sleeve  »S',  it  is 
adjustable  to  take  up  wear,  and  is  prevented  from  re- 
volving by  stops.  One  end  of  the  crosshead  is  directly 
connected  to  the  piston  valve  J  and  the  other  end  to  tlio 
])lunger  of  the  oil  brake  IT;  this  gives  a  direct  fonc 
couple. 

The  compen-iating  mechanism  consists  of  a  bronze- 
sleeve  E  which  is  a  sliding  flt  in  the  valve  body  .1,  and 
inside  of  which  the  plunger  J  works.  The  sleeve  is  con- 
nected to  the  piston  of  the  servomotor,  as  shown,  or  to 
some  part  of  the  gate-regulating  mechanism ;  therefore, 
every  movement  of  the  piston  valve  is  immediately  dupli- 
cated by  the.  sleeve. 

An  oil  brake  11"  is  provided  with  a  wide  range  of  ad- 
justment by  means  of  the  check  valve  Y.  This  controls 
the  too  rapid  action  of  the  governor,  and  prevents  the 
valve  sleeves  or  comjiensator  from  interfering  with  the 
action  of  the  pendulum. 

The  body  of  the  oil  brake  is  coupled  to  the  valve  sleeves 
by  the  rocking  beam  Z,  so  that  when  the  speed  is  changed 
and  the  valve  sleeve  moves  upward,  the  compensating  ac- 
tion causes  the  oil-brake  body  to  move  downward,  and 
vice  versa.  The  check  valve  Y  on  the  oil  brake  can  be 
so  adjusted  that,  however  sudden  the  change  of  load,  the 
action  of  the  governor  pendulum  is  not  interfered  with 
by  the  back  action  of  the  sleeve.  The  rocking  beam  Z, 
the  sleeve  E,  and  the  oil-brake  body  IF  are  held  rigid  be- 
tween every  movement  of  the  pendulum. 

In  the  case  of  an  impulse  wheel  Mith  needle  regulation 
or  with  a  deflector,  if  it  should  be  noticed  that  the  gov- 
ernor carries  a  needle  or  deflector  beyond  the  proper  ])nsi- 
tion  and  then  oscillates  .several  times  after  a  change  of 
load,  it  indicate^  that  the  oil  brake  is  not  slow  enough 
in  its  action.  The  remedy  is  to  close  down  the  valve  )' 
still  fui-ther.  If  the  governor  does  not  open  or  clo.se  the 
nozzle  properly,  the  valve  on  the  oil  hi-ake  is  unscrewcil 
a  little  more. 

Another  featuie  of  the  governor  is  that  of  ihintlling 
the  exhaust  instead  of  the  supply  to  the  valve  .1.  This 
arrangement  takes  some  of  the  strain  off  the  pistr)n  valve, 
resists  the  wear,  puts  it  in  more  perfect  bMhuice,  and 
makes  the  relay  piston  easier  to  move. 

The  crosshead  is  fitted  with  doul]le-ball  thrust  bearing-; 
to  take  the  end  thrust  in  either  direction.  The  bottom 
of  the  main  spindle  also  has  a  dou})le  l)all-thrust  bearing 
77,  and  the  bearings  at  thp  top  3nd  bottom  are  ball-joiii-nal 
bearings,  as  at  N. 


The  horizontal  driving  spindle  is  provided  ^\-ith  two 
radial  ball  bearings  P  and  a  double  thrust  bearing  Q,  to 
prevent  any  tendency  to  end  movement  and  take  the 
thrust  of  the  driving  gear. 

This  governor  was  designed  by  Percy  Pitman,  3  Will- 
cott  Road,  Acton,  London,  W.,  England.     Its  claims  are 


Si'jTIOXAL     A"lEW     <)!■     11  YDIIArLlC     ( ioVlCIiNUI; 

that  it  lias  a  close  speed  regulation  without  hunting, 
that  all  parts  are  adjustable  while  it  is  in  operation,  and 
that  it  is  automatic,  hand  or  distant  controlled.  It  is 
mounted  on  a  self-contained  bed. 


OU  Enetnes  in  the  I'nited  Stntex — According  to  the  report 
if  the  prime  movers  committee  of  the  National  Electric  Light 
Association,  there  are  at  present  15!)  Diesel  engine  installations 
t,    this   country.      Thse   are   distributed    geographically   as   fol- 
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SYNOPSIS — Why  n  steam  jet  reduces  the  smoke  and 
how  to  install  if.    Calculating  smoke  density. 

Having  taken  up  the  problem  of  draft,  which  must 
be  settled  before  a  successful  furnace  can  be  installed,  the 
design  of  the  furnace  -n-ill  be  considered.  Many  attempts 
have  been  made  to  design  a  simple,  hand-fired  furnace 
which  would  stand  hard  usage  and  reduce  the  smoke  to 
a  minimum,  but  few  such  furnaces  would  stand  a  close 
Einglemami  chart  reading,  such  as  is  demanded  by  the 
modern  smoke  ordinance. 

The  first  setting  to  come  into  general  use  in  this 
country  was  the  standard  horizontal,  return-tubular  set- 
ting with  plain  grates,  it  being  the  simplest  and  cheap- 
est setting  that  could  be  devised  for  making  steam.  It 
was  extensively  employed  in  the  East,  burning  anthra- 
cite buckwheat  coal  with  forced  draft,  and  naturally  came 
into  common  use  in  the  West  for  bituminous  coals  Ijefore 
the  smoke  problem  became  important.  Thousands  of 
these  standard  settings  are  scattered  over  the  country 
today,  giving  fairly  good  results  for  all  around  use.  How- 
ever, with  Western  bituminous  coals  the  settings  per- 
mitted excessive  smoke,  \\lien  smoke  became  a  nuisance, 
in  the  eyes  of  the  law,  various  attempts  were  made  to 
overcome  the  difficulty  and  still  retain  the  simplicity  of 
the  original  setting. 

Steaii  Jets 

The  steam  jet  was  probably  the  first  and  most  common 
device  for  reducing  smoke.     Fig.  1  shows  a  typical  set- 


FiG.  1.     Typical  Setting  with  Steam  Jet  ix  Use 

ting  with  one  in  use.  The  function  of  the  steam  jet  is 
to  produce  a  mechanical  mixture  between  the  gases  and 
the  air  coming  in  through  the  grate  and  over  the  fire. 
Elaborations  of  the  plain,  hand-operated  steam  jet  have 
been  made  in  great  numbers.  Automatic  valves  for  turn- 
ing on  and  off  and  operating  various  tips,  flaps,  panels, 
dampers,  etc.,  are  used  in  various  systems  and  strong 
claims  are  sometimes  made  as  to  their  beneficial  action. 
Many  of  these  claims  are  based  upon  the  supposed  dis- 
sociation of  steam  into  hydrogen  and  ox;vgen,  and  the 
consequent  increased  combustion  due  to  introducing  this 
free  hydrogen  with  its  high  B.t.u.  value  to  be  again 
united  with  the  oxygen  present  in  the  furnace. 

It  must  be  remembered,  however,  that  to  separate  a 

*Copyrig-ht.  1914.   Osborn    Monnett. 
tSmoke  inspector,   city  of   Chicagro. 


pound  of  steam  into  its  elements,  hydrogen  and  oxygen  j 
requires  the  same  amount  of  heat  that  is  given  off  when  i 
a  pound  of  steam  is  formed  by  the  union  of  hydrogen  l 
and  oxygen,  so  that  there  is  no  thermal  gain  even  if  the  |i 
steam  is  dissociated  in  the  ordinary  furnace,  which  is  | 
doubtful.  If  the  action  does  take  place  there  is  bound  « 
to  be  a  loss  by  radiation  which  could  not  be  made  up  ;! 
It  is  evident  that  the  chief  function  of  the  steam  jet  is  II 
to  mix  the  air  and  gases  so  that  the  latter  mav  burn,  if  | 


Fig.  'l.     SiPHOx  Type  of  Steam  Jet 

the  temperature  at  the  point  of  mixture  is  high  enough. 
The  accompanying  table  represents  a  typical  perform- 
ance of  an  automatic  steam-jet  system  on  a  plain  hori- 
zontal, return-tubular  setting  carrying  an  ordinary  work- 
ing load.  The  talile  gives  Eingelmann  chart  readings 
taken  at  15-sec.  intervals  for  a  period  of  1  hr.  The 
blank  spaces  indicate  no  smoke.  The  results  are  reduced 
to  the  equivalent  of  Xo.  1  smoke  and  the  mean  density 
calculated  as  follows : 

5  readings  of  X'o.  5  smoke   =  25  units  of  No.  1  smoke 

1   reading     of  Xo.   4  smoke   =  4  units  of  No.   1  smoke 

24  readings  of  No.  3  smoke   =  72  units  of  No.  1  smoke 

4  readings  of  No.  2  smoke   =  S  units  of  No.  1  smoke 

34  readings  of  No.  1  smoke  =  34  units  of  No.  1  smoke 

Total   143 

The  smoke  unit  is  defined  as  1  min.  of  Xo.   1  smoke, 

which  is  of  20  per  cent,  density.     As  the  readings  werek 

taken  every  15  sec,  it  follows  that  one-fourth  the  sum  ofj 

the  units  in  the  foregoing  table  gives  the  smoke  unitsl 

for  the  observation.     Thus  | 

^^  =  35.75  I 

The  calculation  for  density  is  made  by  multiplying  the 

smoke  units  by  20  per  cent,  and  dividing  by  the  num-i 

ber  of  minutes  of  observation,  thus  I 

.35.75  X0.20       ^^  ,,  ,  I 
: •  =  11.0  per  cent.  I 

m  '  _      I 

A    plain     setting    and    steam-jet    equipment,     eitherjlj 
manually    operated    or    automatic,    will    usually    averagej 
from  8  to  12  per  cent,  smoke  density.     It  has  been  satis-| 
factorily  demonstrated  that  a  well  designed,  hand-fired 
furnace,  handled  properly,  can  be  nm  within  5  per  centJ 
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density  and  2  per  cent,  has  been  obtained  by  careful  op- 
eration. In  reducing  the  density  of  smoke  from  a  plain 
S(  iting  with  steam  jets,  the  trouble  has  been  that  immedi- 
aii'ly  after  firing  an  excess  of  volatile  matter  is  distilled 
iiiiii  carried  ofE  without  being  properly  mixed  with  suffi- 
1  lent  oxygen  at  a  time  when  tlie  temperature  is  high 
luough  to  produce  complete  combustion.  It  is  evident 
that  additional  equipment  is  needed  to  insure  a  proper 
mixture.  The  combination  of  an  automatic  steam  jet 
and  brickwork  suitably  designed  for  furnaces  such  as  will 
111'  described  later,  makes  a  good  outfit  for  smoke  sup- 
|nvssion. 

An  ordinary  hand-operated  steam  jet  accomplishes  a 
mixture  of  the  air  and  gases,  but  its  efficiency  can  be 
gi'eatly  increased  by  making  it  of  the  siphon  type.     This 
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is  done  by  placing  the  jet  in  an  outer  pipe  11/.  or  2  in. 
in  diameter,  as  shown  in  Fig.  2.  The  expanding  steam 
fills  the  tubes  and  causes  a  suction  of  air  into  the  fur- 
nace, where  it  is  mixed  with  the  volatile  matter  distilled 
after  firing.  The  direction  of  the  jet  should  be  such  as 
to  strike  the  bridge-wall  about  4  in.  above  the  grates,  as 
indicated  in  the  drawing.  Three  forms  of  tip  are  shown 
at  the  bottom  of  the  drawing. 


Quirk  Kepiilr  .|4>I»  An  unusual  boiler  rcpiiii'  Jclt  w.is  car- 
ried out  recentl.v  when  sixteen  larne  cracl<»  ill  the  firebox  of 
a  large  boiler  were  wclflcd  anrl  the  boiler  was  piaretl  In 
service  again  within  48  hours'   time,  two  men  doing  the  Job. 


In  Figs.  1  and  2  is  shown  the  Wing  Type  E  turbine 
blower,  in  which  is  incorporated  a  new  feature  in  fan  de- 
sign.     With    ordinai-y    straight    casings,    the    air    being 
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Fig.  1.     Blowei;  Casixc;  with   Poutiox  Cut  Away 


Fk;.    2.     SiiowiNd    Dktails   oi'    Tiiinixic    Blowek 

thrown  liiitward  centrifiigally  strikes  the  casing,  and  al- 
though imieli  of  the  air  is  delivered,  considerable  leaks 
back  when  it  impinges  against  the  casing.  In  addition 
to  the  air  loss,  tliere  is  a  pressure  loss  due  to  the  eddy 
currents  caused  by  the  impart. 

Ill  the  casing  of  this  blower,  made  by  the  L.  J.  Wing 
Mamifaeturing  Co..  .'5.52-362  West  Thirteenth  St.,  N"ew 
York  City,  the  direction  of  the  air  is  gradually  changed 
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from  the  radial  or  centrifugal — that  is,  out  from  the 
center — to  axial,  along  the  shaft.  By  the  sweep  of  the 
patented  expanding  casing,  an  increase  in  fan  efficiency 
of  over  50  per  cent,  against  the  straight  cylindrical  casing 
is  obtained.  The  five-bladed  fan,  of  the  propeller  type 
used,  is  capable  of  delivering  large  volumes  of  air  at  pres- 
sures exceeding  4  in.  water  gage. 

Fig.  8  is  a  sectional  view  through  the  unit,  and  shows 
the  expanding  casing,  to  which  the  turbine  casing  is  se- 
cured by  four  bolts  with  sleeves.     The  fan  and  turbine 


are  mounted  on  a  steel  shaft,  with  heavy  ball  bearings  on 
either  side  of  the  turbine,  so  tliat  there  is  no  overhang 
to  the  machine.  The  machine  will  operate  against  either 
high  back  pressures  or  vacuum,  and  the  exhaust  steam 
may  be  turned  into  the  ashpit  if  desired,  or  into  the  heat- 
ing system  or  feed-water  heater.  The  fan  casing  is  se- 
cured in  the  masonry  of  the  boiler  wall,  and  whether 
the  steam  is  turned  into  the  ashpit  or  the  heating  system, 
or  exhausts  to  the  atmosphere,  the  machine  is  practi- 
cally noiseless  in  operation. 


.im  IimHeresttmE  C^Mimdler  Fs\HMr( 


By  H.  B.  Boydox 


This  failure  occurred  on  a  horizontal  cross-compound 
Corliss  engine  24  and  48  by  48  in.  with  an  auxiliary  high- 
pressure  cylinder  20-in.  diameter  arranged  tandem  to  the 
low-pressure  cylinder,  as  shown  in  Fig.  1. 

During  summer  the  engine  is  operated  condensing  with 
a  1  to  4  cylinder  ratio,  the  auxiliary  high-pressure  pis- 
ton rod  being  disconnected  from  the  tail  rod  of  the  low- 
pressure  cylinder.  During  winter  the  engine  operates 
noncondensing,  exhausting  against  a  varying  back  pres- 
sure into  steam-heating  mains.  The  auxiliary  high-pres- 
sure cylinder  is  then  in  service,  giving  a  resultant  cylin- 
der ratio  of  1  to  2.36.  Fig.  1  also  shows  the  arrangement 
of  the  live-steam  lines  to  the  two  high-pressure  cylinders, 
the  exhaust  piping  between  these  cylinders  and  the  ver- 
tical receiver  and  from  the  receiver  to  the  low-pressure 
cylinder.  The  engine  was  designed  for  an  initial  pres- 
sure of  140  lb. 

In  winter  the  engine  is  started  from  the  throttle  valve 
on  the  24-in.  cylinder,  brought  up  to  speed  and  the  gen- 
erator synchronized  and  put  on  the  busbars.  While  being 


Fig.  1.  Showing  the  Engine  Piping 

J 

synchronized  the  throttle  valve  on  the  20-in.  cylinder  is 
opened. 

One  winter  morning  just  as  the  engine  was  up  to 
speed,  the  steam  chest  of  the  20-in.  high-pressure  cylin- 
der cracked,  as  shown  in  Fig.  2.  It  will  be  noted  that 
this  crack  extended  the  entire  length  of  the  steam  chest 


except  for  the  two  outside  ends  of  tlie  valve  chambers  and  ' 
entirely  through  the  central  webs  of  the  steam  chest.         j 
A   chart   from   a   recording  gage   on   the  main  steam  ; 
header  shows  that  when  the  accident  occurred  the  steam 
pressure  was  about  163  or  163  lb.  gage.     On  testing  this 
gage  it  was  found  that  160  lb.  on  the  gage  was  actually 
155  lb.,  and  that  it  was  correct  when  reading  170  lb.    It  j 
is,  therefore,  probable  that  at  the  time  indicated  the  actual 


Fig.   2.   How   the   Cylinder   Cracked 

steam   pressure  at   the   point  where  this  gage  was  con- 
nected was  about  158  or  159  lb. 

From  the  main  header  the  steam  to  this  engine  passefi 
through  two  reducing  valves,  one  on  the  steam  pipe  oi: 
each  high-pressure  cylinder.  There  is  no  evidence  tc' 
show  what  the  pressure  was  on  the  low-pressure  side  oi; 
the  reducing  valve.  If  it  be  assumed  that  the  reducing] 
valves  were  inoperative,  the  pressure  at  the  engine-throttk 
valve  at  the  time  of  the  accident  was  probably  about  15?^ 
lb.  gage.  This  pressure  would  be  insufficient  to  bursi' 
the  cylinder. 

The  two  engineers  on  watch  at  the  time  of  the  acci-; 
dent  were  questioned  as  to  the  facts  in  the  case.  It  waf| 
stated  by  both  men  that  it  was  customary  before  start-j 
ing  up  an  engine  to  onen  the  drains  and  feel  the  dis- 
charge pipes  to  know  whether  or  not  they  were  in  opera- 
tion.  but  if  this  was  the  custom,  it  was  done  in  a  slip- 
shod manner,  and  definite  information  was  not  gained  as 
to  whether  the  drains  were  open  or  closed,  for  examina- 
tion of  the  drain  pipe  from  the  receiver  separator  on  th< 
steam  line  to  the  auxiliary  cylinder  showed  that  it  wai 
completely  blocked  up  with  a  stiff  pasty  deposit.  Then 
was  some  difference  of  statement  as  regards  the  actua 
condition,  at  the  time  of  the  accident,  of  the  throttle  oi 
the  cylinder  which  broke.  One  man  said  it  was  closed' 
the  other  stating  that  immediately  after  the  accident  h( 
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closed  it,  it  being  open  about  an  eighth  turn.  By  testing 
till'  valve  it  was  found  that  this  opening  was  not  suffi- 
eii  lit  to  move  the  valve  off  its  seal,  and  it  is  entirely  prob- 
able that  the  valve  was  actually  shut  when  the  accident 
oeeui-red.  Both  men  agreed  that  the  engine  was  up  to 
spi'i'd  and  was  being  made  ready  to  be  synchronized  and 
connected  to  the  busbars  for  carrying  the  load.  Both  also 
stated  that  there  was  no  sound  to  indicate  trouble.  It  is 
\eiy  doubtful  if  any  sound  could  have  been  heard  as  the 
chitter  of  the  valves  of  an  engine  nmning  at  full  speed 
at  no  load  is  quite  considerable.  This  would  especially 
he  the  case  as  the  clatter  of  the  valves  on  the  low-pressure 
cylinder  would  occur  practically  at  the  same  time  as 
noi>e  in  the  auxiliary  cylinder. 

Eeferring  to  Fig.  1,  it  will  be  noted  that  the  exhaust 
from  the  24-in.  cylinder  enters  the  vertical  receiver  at 
a  ]")int  above  the  exhaust  from  the  20-in.  cylinder,  also 
that  the  receiver  is  drained  from  the  lower  end  through 
a  trap  which  is  fitted  with  a  bypass.  By  trial  it  was 
found  that  the  valve  on  the  bypass  of  the  trap  was  closed, 
that  the  inlet  valve  to  the  trap  was  open,  but  that  the 
discharge  valve  from  the  trap  was  closed.  No  other  drain 
being  provided  on  the  receiver,  there  was  no  means  of 
getting  rid  of  any  accumulation  of  water  in  the  lower 


portion  of  it.  There  is  no  exact  information  as  to  the 
steam  pressure  in  the  receiver  at  the  time  of  the  acci- 
dent. It  is  probable,  however,  that  it  was  somewhere 
between  2  and  6  lb.  gage.  The  evidence,  therefore, 
showed  that  the  cylinder  wrecked  had  a  receiver  pressure 
not  exceeding  5  or  6  lb.  and  had  a  closed  throttle  valve. 

The  conclusion  reached  after  examination  of  the  evi- 
dence and  the  condition  of  the  engine  and  piping  was 
that  the  rupture  was  caused  by  water  entering  the  cyl- 
inder from  the  receiver;  that  the  piston  in  this  cylinder 
operating  without  steam  pressure  on  it.  acted  as  a  pump 
piston  pumping  water  into  the  cylinder  through  the  ex- 
haust piping  and  exhaust  valves,  being  assisted  in  this 
action  by  the  pressure  of  the  steam  in  the  receiver,  which 
in  itself  was  probably  sufficient  to  flood  the  cylinder  with 
water.  The  exhaust  chest  was  protected  by  the  exhaust 
valves  from  rupture,  and  the  steam  chest  being  the  weak- 
est part,  let  go. 

It  is  probable  that  the  great  majority  of  engines 
wrecked  when  starting  up  are  not  damaged  by  water 
coming  in  with  the  steam,  but  by  water  which  is  drawn 
into  the  cylinder  through  the  exhaust  valves  from  a 
flooded  exhaust  pipe  caused  by  inadequate  drainage  of 
the   exhaust   piping. 


By    li.    FoTHliRGILL 


SYXOFSIS — Simple  diagrams  representative  of  the  dis- 
tribution of  heat  in  the  several  types  of  steam-turhine 
plant,  which  should  help  in  the  choice  of  a  plant  for  a 
particular  purpose. 

Many  diagrams  showing  the  distribution  of  the  heat 
obtained  from  a  given  quantity  of  coal  have  been  illus- 
trated from  time  to  time,  but  the  diagrams  shown  in 
Figs.  1  to  5  are  perhaps  the  most  simple  and  explicit 
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Fio.  1.  Heat-Distiubution  Diaokam  of  1000-Kw. 

HlGlI-PUKSSriiK    COXDF.NSINO    EXOIXK 

vet  devised  for  the  purpose  of  illustrating  graphically 
in  connection  witli  stenm-turbinc  plants  the  percentage 
>f  heat  units  utilized  and  the  percentage  lost,  of  a  given 


number  of  units  which   represent  the  thermal   value  of 
the  coal. 

The  calculations  on  which  the  diagrams  are  leased  were 
taken  from   actual    results   obtained   bv   the   Allgemeine 
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lOlektri/.itiits  Gesellschaft  from  their  turbines.  In  addi- 
tion to  the  usual  high-pressure  condensing  turbines 
wliich  have  now  I)ccome  so  popular  in  replacing  the  re- 
ciprocating engine  in  most  modern  electric-power  plants, 
the  A.  E.  G.  manufacture  back-pressure  turbines,  reduc- 
ing turbines,  low-pressure  turbines  and  mixed-pressure 
turbines. 

It  is  not  proposed  in  this  article  to  enter  into  theo- 
retical  calculations  or  to  consider   the   advantages  and 
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disadvantages  of  the  various  types  of  tiirl)ine  referred 
to.  The  object  is  to  lay  before  the  engineer  a  simple  dia- 
gram representative  of  the  distribution  of  heat  in  each 
type  of  plant,  so  that  he  will  be  able  to  see  at  a  glance 
which  particular  installation  he  should  adopt  and  the 
percentage  of  heat  units  which  he  will  be  able  to  utilize 
beneficially. 

High-Pressure  Cokdexsixg  Turbines 

A  diagram  showing  the  heat  distribution   in   a  high- 
pressure  condensing  turbo-generator  plant  is  illustrated 
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Fig.  3.  Heat  Distributiox  FROii  Low-Pressure  Boiler 

in  Fig.  1.  To  those  who  are  not  familiar  with  thermal- 
balance  diagrams,  tlie  enormous  quantity  of  heat  which 
is  carried  away  by  the  condensing  water  and  lost,  wUl 
no  doubt  seem  surprising.  With  the  object  of  avoiding 
this  wastage,  various  combinations  have  been  suggested. 
There  are  many  plants  which  now  use  steam  for  heating 
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Fig.  4.  Diagr.^m  from  1000-Kw.  Eeducixg  Turbo- 
generator Giving  Exhaust  Steam  for 
Heating  Purposes 

as  well  as  for  power  purposes,  most  common  are  those 
installed  in  large  private  undertakings,  offices,  hotels, 
chemical  and  celluloid  works,  paper  mills,  etc.,  and  in 
such  cases  the  usual  practice  is  to  install  either  a  low- 
pressure  boiler,  specially  for  heating  purposes,  or  to  take 


live  steam  from  the  main  boilers  through  a  reducing 
valve.  In  this  direction  greater  economy  can  be  ob- 
tained by  increasing  the  pressure  of  exhaust  steam  from 
a  turbine  and  using  this  steam  for  heating  purrjoses. 
Although  this  arrangement  necessitates  a  back  pressure 
on  the  turbine,  the  system  will  utilize  a  greater  percent- 
age of  heat  than  a  simple  high-pressure  condensing  tur- 
bine. 

Back-Pressure  Turbines 

Fig.  2  is  a  diagram  showing  the  heat  distribution  for  a 
back-pressure  exhaust  turbine.  Tlie  steam  consump- 
tion of  a  1000-kw.  back-pressure  A.  E.  G.  turbine  is  47.5 
lb.  per  kw.-hr.,  with  an  exhaust  pressure  (back  pressure) 
of  28.5  lb.  per  sq.in.  Over  two-thirds  of  the  total  heat 
value  of  the  full  amount  becomes  available  for  heating 
purposes.  This  figure  will  naturally  be  subject  to  slight 
variations  depending  on  the  relative  position  of  the  tur- 
bine and  the  apparatus  to  be  heated,  the  lagging  of  the 
e.xliaust-pipe  line,  etc. 

Fig.  3  demonstrates  the  heat  distribution  of  a  low- 
])ressure  boiler,  and  based  on  a  steam  pressure  of  28.5 
lb.  per  sq.in.  it  would  require  about  5600  lb.  of  coal  per 
hr.,  to  give  the  same  heating  value  as  the  exhaust  steam 
from  the   1000-kw.   turbine  with   the  same  boiler  effi- 


Fig. 
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cieucy.  In  addition  2200  lb.  per  hr.  is  required  for 
power  production,  or  a  total  of  about  7800  lb.  per  hr., 
while  with  the  back-pressure  turbine  only  6150  lb.  of 
coal  per  hour  is  necessary.  This  represents  a  saving  of 
1()50  lb.  of  eoal  per  hour. 

Reducing   Turbines  i 

It  is  inadvisable  to  use  the  back-pressure  turbine  wheiH 
the  amount  of  steam  required  for  heating  purposes  isl 
independent  of  that  required  for  power  production.  For' 
instance,  the  output  in  kilowatts  may  be  large  when  the 
demand  for  heating  steam  is  small,  and  vice  versa.  In 
such  a  case  the  reducing  turbine  is  to  be  recommended. 
This  is  arranged  so  that  a  portion  of  the  steam  on  its 
waj'  through  the  turbine  may  be  taken  off  for  heating 
purposes,  the  remainder  passing  along  to  the  exhaust  in 
the  usual  way. 

Fig.  4  demonstrates  the  heat  distribution  of  a  1000-kw. 
reducing  turbo-generator  giving  22.000  lb.  of  steam  per- 
hour  for  heating  purposes.     In  this  diagram  a^  -f-  6j 
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ii.^nally  a  constant  as  also  is  a,  +  ^2-  Ii^  the  extreme  case, 
however,  of  the  whole  of  the  exhaust  being  used  for  heat- 
iiiL!;  purposes  the  values  of  ftj  and  b„  may  be  0. 

Taking  the  most  ordinary  base,  namely,  a  unit  of  1000 
kw.  and  giving  for  heating  purposes  22,000  lb.  of  steam 
per  hour,  about  4371  lb.  of  coal  per  hour  would  be  re- 
i|Uired,  while  for  working  with  a  normal  condensing  tur- 
bine, and  a  special  boiler  for  heating,  about  5280  lb.  of 
I  (lal  would  be  required. 

Low-Pressure  Turbine 

This  class  of  turbine  is  adapted  to  utilize  exhaust 
steam  from  reciprocating  engines,  "steam  hammers,  etc. 
riieorctically  it  is  possible  to  get  as  much  work  out 
(if  one  pound  of  dry-saturated  steam  at  15  lb.  abs.  pres- 
sure expanded  down  to  0.85  lb.  abs.  pressure,  as  out 
of  one  pound  of  superheated  steam  at  470  deg.  F.  and 
170  lb.  abs.  pressure  per  sq.in.  expanded  down  to  17 
lb.  abs. 

While  the  reciprocating  engine  cannot  use  a  higher 
\acuum  than  85  to  88  per  cent,  with  economy,  owing  to 
I  he  large  size  necessary  for  the  low-pressure  cylinder  and 
the  consequent  radiation  and  friction  losses,  the  steam 


turl)ine  can  utilize  with  advantage  a  vacuum  as  high  as 
06  to  99  per  cent. 

The  A.  E.  G.  exhaust-steam  turbine  is,  to  all  intents 
and  purposes,  the  low-pressure  stage  of  a  high-pressure 
turbine.  A  steam  accumulator  may  or  may  not  form 
part  of  such  an  installation,  according  to  circumstances. 

Fig.  5  illustrates  the  heat  distribution  of  a  1000-kw. 

exliaust-steam  turbine.    The  inlet  pressure  is  15.6  lb.  per 

sq.in.  and  the  outlet  (condenser)  pressure  is  0.71  lb.  per 

sq.in.  abs.    The  steam  consumption  is  30.8  lb.  per  kw.-hr. 

Mixed-Pressure  Turbines 

Wherever,  owing  to  the  intermittent  nature  of  the 
work  performed  by  the  reciprocating  engine,  the  flow  of 
exhaust  steam  is  irregular,  the  combined  live-  and  ex- 
liaust-stcam  turbine  has  a  large  sphere  of  usefulness.  The 
turbine  for  this  work  is  similar  to  the  high-pressure  con- 
densing turbine,  except  that  the  exhaust  steam  from  the 
reciprocating  engines  is  introduced  into  the  low-pressure 
stage.  This  type  of  turbine  is  specially  designed  so  that 
when  the  input  of  exliaust  steam  is  insufficient  to  meet 
the  load,  live  steam  is  admitted  to  the  high-pressure 
stage.  Both  live-  and  exhaust-steam  inlets  are  controlled 
by  an  automatic  governor  to  prevent  racing. 


By  J.  C. 

The  oiling  system  shown  and  described  herewith  has 
.civen  excellent  results  for  years  in  a  power  plant  having 
four  large  and  several  small  engines.  The  engine  oil 
-vstem  consists  of  a  40-gal.  galvanized,  closed  house  tank 
jiiaced  horizontally,  with  one  end  about  2  in.  lower  than 
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Till-;   Oiling    System    as   Installed 


the  (itbir.  'I'his  tank  is  connected  to  the  system  at  its 
upper  end.  There  is  also  a  water  connection  at  the  lower 
end;  a  drain  to  the  sewer,  connections  to  a  filter,  and  a 
filling  connection  for  putting  in  new  oil,  gage-glass,  etc. 


Hawkins 

The  system  operates  as  follows:  The  tank  is  filled  with 
oil  and  the  water  pressure  of  55  lb.  from  the  city  mains 
rdmitted  at  the  bottom  forces  oil  up  into  the  system. 
To  fill  the  pressure  tank,  the  oil  valve  A  and  the  water 
valve  B  are  closed,  and  the  drain  valve  C  to  the  sewei' 
is  opened.  Then  the  oil  in  the  filter  is 
drained  into  the  funnel  and  the  valve 
D  is  opened  enough  to  let  the  oil 
run  into  the  tank.  When  the  water 
has  drained  out  of  the  tank,  valve  C 
is  closed,  and  as  the  tank  becomes  full 
or  tile  filter  is  empty,  valve  D  is  closed 
and  valves  A  and  B  opened. 

While  the  tank  is  being  filled,  the 
engines  get  oil  from  the  standpipe  in 
the  engine  room.  This  pipe  is  6  in.  in 
diameter,  6  ft.  long  and  placed  sev- 
eral feet  above  the  level  of  the  engines : 
it  is  connected  to  the  system  by  a  1- 
in.  pipe.  There  is  an  air  cock  at  the 
top  which  lets  the  air  flow  in  or  out. 
liut  it  does  not  allow  the  oil  to  escape. 
This  insures  the  standpipe  always  be- 
ing full  of  oil  when  the  system  is  in 
operation.  The  supply  will  last  until 
the  tank  is  full  and  in  operation  again, 
when  the  staiidpijic  will  be  refilled  as 
the  pressure  is  turned  on. 

When  it  is  necessary  to  juit  new  oil 
in  the  system,  we  use  a  pipe  leading 
from  the  tank  through  the  engine-room 
floor  with  a  funnel,  the  end  of  which  is 
flush  with  the  floor  and  fitted  with  a  tight  cover-plate 
when  not  in  use.  A  spigot  is  put  in  the  barrel  and  the 
oil  is  drained  directly  into  the  pressure  tank  from  the 
l)arrel  with  valves  A,  B  and  D  closed  and  valves  C  and  E 
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open.  There  is  a  1/2-1°-  branch  pipe  from  the  main  oil- 
supply  header  to  each  engine.  This  comes  up  over  the  top 
of  the  frame  and  branches  to  the  crank,  the  main  bearing, 
the  eccentrics  and  the  crosshead,  and  a  separate  line  runs 
to  the  outboard  bearing. 

All  pipe  above  the  floor  is  of  nickel-plated  brass,  and 
a  suitable  regulating  valve  with  a  sight  feed  is  placed  at 
each  outlet.  A  faucet  is  placed  below  the  standpipe  in 
the  engine  room  for  filling  the  oil  cans,  with  a  tray  to 
catch  the  drippings.  There  is  also  a  faucet  in  the  line 
in  the  basement.  All  oil  after  running  over  the  bearings 
returns  to  the  filter  through  a  main  return  line.  The 
filter  is  of  the  usual  construction  and  the  trays  are  sub- 
r.ierged  in  water.  The  oil  passes  down  through  charcoal 
into  a  pipe  leading  to  the  bottom  of  the  chamber,  and 
returns  through  hot  water  passing  over  the  edges  of  the 
trays  to  the  reserve  chamber.  The  filter  is  further 
aided  in  throwing  down  the  dirt  by  heating  the  water 
through  which  the  oil  passes ;  this  is  done  by  a  steam  coil 
in  the  lower  part  of  the  filter. 

While  the  filter  is  being  cleaned,  the  return  oil  i> 
drained  into  a  barrel  and  filtered  later.  The  pressurt 
Tank  will  supply  the  engines  with  oil  for  about  26  hours, 
;ind  is  filled  once  every  24  hours,  the  filling  requiring 
about  15  min.  The  system  is  so  arranged  that  when 
it  needs  cleaning  steam  can  be  turned  in  and  the  sedi- 
ment blown  out  of  part  of  the  piping  at  a  time  while  the 
plant  is  in  operation. 

The  cylinder-oil  system  is  operated  in  practically  the 
s-".me  manner  as  the  engine-oil  system  except  that  it  has 
a  steam  coil  placed  in  the  pressure  tank  to  keep  the  oil 
hot.  The  pressure  for  operating  is  taken  from  the  bottom 
of  the  steam  line  at  its  highest  point  and  the  pressure 
pipe  is  left  bare  to  act  as  a  condenser.  The  pipe  is  there- 
fore full  of  water,  and  the  pressure  at  the  bottom  of  the 
oil  tank  is  equal  to  the  steam  pressure  plus  that  due  to 
a  head  of  water  24  ft.  high.  This  gives  plenty  of  excess 
pressure  to  feed  the  oil.  A  main  header  is  connected  to 
the  tank  with  %-in.  branches  to  all  the  engines. 

Unlike  the  engine-oil  system,  there  is  no  standpipe. 
A  1-qt.  hand  oil  pump  is  placed  on  each  cylinder,  and 
used  when  the  tank  is  being  refilled  with  new  oil.  This 
is  done  by  closing  valves  F  and  G  and  opening  valves  // 
ar.d  the  drain  valve  J.  The  oil  is  put  into  the  tank 
tnrough  a  pipe  which  comes  through  the  floor  with  a  fun- 
nel fitted  with  a  tight  cover  when  not  in  use. 

The  system  is  not  patented,  and  any  engineer  is  at  lib- 
erty to  use  it  with  whatever  modifications  are  required 
to  fit  the  conditions. 

By  Edwix  W.  Creed 

At  different  times  in  the  writer's  experience  as  an  en- 
gineer, he  has  had  strong  reasons  for  thinking  that  some 
power-plant  machinery  designers  either  had  little  or  no 
experience  in  practical  operation  or  they  did  not  realize 
that  repairs  would  ever  be  necessary. 

In  one  case,  the  valves  of  a  plunger  power  pump  re- 
quired frequent  grinding.  The  suction  valves  were  easy 
to  get  at,  but  the  discharge  valves,  because  of  the  close 
proximity  of  the  air  chamber,  were  almost  inaccessible. 
The  valve  chambers  were  closed  with  a  plug,  which  also 


ected  as  a  guide  for  the  valve  stems.  It  had  a  square 
head  on  top  for  turning  with  a  wrench :  The  difficulty 
v/as  in  removing  and  replacing  the  caps  as  a  ratchet 
socket  wrench  was  required  to  turn  them. 

In  another  plant  there  was  a  large  vertical,  cross-com- 
pound engine.  After  some  three  years'  service  the  frame 
head  joint  on  the  high-pressure  cylinder  began  leaking 
badly.  To  put  in  a  gasket,  it  was  necessary  to  remove  the 
cylinder  lagging,  the  valve-gear  and  the  piston,  ;ind  move 


Fig.  1.  Design  of 
Old  Joixt 
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Fig.  2.  Design  of 
Proposed  Joint 


the  cylinder  clear  of  the  frame  head.  It  took  about  a 
week  to  do  this  job  and  it  has  been  done  twice  since.  As 
tiiis  kind  of  joint  is  always  likely  to  leak,  it  seems  that 
this  part  might  be  so  designed  that  the  joint  could  be 
n'ade  over  with  less  work. 

Fig.  1  shows  the  construction  of  the  frame  head  and 
Fig.  2  shows  how  I  think  it  might  be  made.  It  is  not 
necessary  to  disturb  the  cylinder  to  put  a  new  gasket  in 
place.  With  the  piston  out  of  the  way,  eye-bolts  can  be 
screwed  into  the  head  block  A,  to  lift  it  out  of  the  cylin- 
der, after  removing  the  stud  nuts  C  and  D.  This  may 
not  be  practical,  but  it  at  least  shows  that  there  are 
more  ways  than  one  of  doing  things. 

In  the  same  plant,  there  were  three  horizontal,  cross- 
compound  engines,  with  the  steam  and  exhaust  valves  in 
the  heads.     Evory  time  the  cylinder  or  piston  packing 


Fig. 


3.  Two  Views  of  the  Pipe  and  Brick 
Foundation 


rings  were  examined,  the  back  head  had  to  be  removed. 
The  head  joints  were  so  designed  that  the  only  way  the 
ruts  on  the  studs  could  be  removed  or  put  back  was  with 
a  set  and  sledge-hammer.  Xo  wrench  I  ever  saw  could  be 
used  on  them. 

I  have  several  times  helped  to  take  down  closed  heat- 
ers of  the  horizontal  type,  because  of  leaky  tubes.  These 
heaters  were  in  the  exhaust  line  to  the  condensers  and 
were  heavy  and  difiicult  to  handle.     The  engines  were 
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aliinit  1500  hp.  Usually,  tlio  coils  to  be  repaired  were 
.-(.•lit  to  the  mamifacturer  ;iml  one  of  two  things  had  to 
liC  done  before  the  engine  could  be  run;  either  put  back 
tlie  shell  after  taking  out  the  coils,  which  means  extra 
\':ork,  or  else  tit  in  a  length  of  pipe. 

Another  difficulty  with  a  closed  heater  is  that  the  coils 
c\cntually  become  coated  with  cylinder  oil,  thus  reduc- 
ing their  efficiency.  Generally,  no  provision  is  made  for 
i;i'tting  at  the  coils  to  clean  them;  therefore,  why  not  pro- 
\ide  against  these  contingencies  when  designing  a  heater? 
i'ngineering  papers  advertise  a  closed  heater  which  the 
l/uilders  claim  has  solved  these  problems,  and,  so  far  as 
1  know,  they  have  made  good. 

Criticism  might  be  made  concerning  piping  job  lay- 
<'iits.  It  is  easier  to  put  up  new  work  than  it  is  to  make 
(i\er  flange  Joints,  or  to  make  piping  repairs  after  the 
I 'I  ping  has  been  in  service  several  years.  I  recently  saw 
-.1  line  of  23-in.  flanged  cast-iron  pipe  put  up  after  much 
rime  had  been  spent  in  measuring  and  checking  up  the 
plans.  The  pipe  and  fittings  were  numbered,  and  the 
>team  fitters  given  a  blueprint,  showing  the  location  of 
every  piece.     The  plans  called  for  running  this  pipe  so 


close  to  the  brick  foundation  of  the  engines  that  part  of 
Ihe  foundation  had  to  be  cut  away.  At  one  place  the  bine- 
print  placed  a  flange  joint  opposite  an  engine  foundation, 
and  two  men  were  as  many  days  cutting  away  enough  of 
the  brick  to  make  room  for  the  flanges.  Special  socket 
wrenches  had  to  be  used  to  tighten  up  the  bolts. 

If  that  joint  ever  leaks  and  has  to  be  made  over,  there 
IS  just  one  way  to  do  it,  after  the  nuts  are  well  rusted; 
that  is,  to  break  the  joints  on  either  side,  and  lift  the 
pipe  out  bodily  to  a  position  where  a  man  can  get  all 
around  it. 

Fig.  3  gives  two  views  of  this  pipe  and  the  engine 
foundation.  By  changing  the  positions  of  the  two  lengths 
of  pipe,  time  and  labor  could  have  been  saved ;  the  joints 
would  then  come  where  they  would  be  accessible.  This 
was  suggested  to  the  steam  fitter  in  charge  of  the  job, 
but  he  insisted  on  following  the  blueprint. 

The  moral  to  be  drawn  is  that  designers  should  be  men 
of  practical  experience  or  that  the  designs  and  plans 
ihould  be  submitted  to  a  tlioroughly  practical  man  for 
approval,  preferably  the  man  who  will  have  charge  of  the 
operation  of  the  machinery  or  the  plant. 
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Pillow  BlocHi  Welded 


r>Y   J.   E.   KOKI 


Some  engineers  are  skeptical  of  welding,  while  others 
'111 ploy  it  as  a  last  resort.  It  is  impossible  to  give  a  set 
rule  which  would  cover  all  emergencies  when  welding 
.should  be  used,  although  it  is  safe  to  say  that  any  cast- 
ing which  has  had  machine  work  done  upon  it  can  be 
successfully  welded.  In  emergencies  w-here  the  factor 
of  time  saved  is  of  vital  importance,  oftentimes  a  large 
saving  can  l)e  made  By  having  the  repair  done  by  a  com- 
petent welding  concern. 

The  illustration  shows  an  8000-lb.  pillow  block  to  a 
1200-hp.  engine  which  was  welded  last  winter.  The 
break  was  caused  by  water  getting  into  the  cylinder  and 
the  backward  thrust  breaking  ofl'  the  back  of  the  pillow 
block.  This  was  a  serious  accident,  it  being  impossible 
to  obtain  a  new  block  without  long  delay ;  as  it  was,  it 
looked  like  a  long  shutdown  of  the  entire  plant. 

Tlie  welding  was  done  at  the  mill,  it  being  more 
feasible  to  move  the  welding  equipment  than  to  attempt 
to  move  an  8000-lb.  casting  any  distance.  A  beam  track- 
was  erected  just  outside  the  engine  room  and  an  in- 
dosuro  made  with  canvas.  'I'he  casting  was  chipjx'd 
from  both  sides,  leaving  a  web  in  the  center,  the  two  parts 
forming  an  "X"  when  placed  together.  The  broken 
back  was  held  in  place  by  heavy  bars  of  iron  which  were 
left  on  during  all  the  welding.  A  temporary  furnace 
was  built  around  the  portion  to  be  welded,  and  tin'  cast- 
ing was  j)reheated  by  two  oil  burners. 

Two  complete  welding  outfits  w-ere  used  on  the  job 
and  about  1000  ft.  of  oxygen  was  consumed  before  the 
weld  was  finislied.  As  saving  time  w-as  the  main  factor 
in  this  repair,  welding  was  continued  day  and  night  for 
;Ui  hr.  The  welding  was  finished  in  the  evening,  after 
which  the  casting  was  again  heated,  banked  and  allowed 
to  cool  over  night.  This  ])recaution  was  taken  to  remove 
,ill  the  internal  strain  which  might  be  caused  by  uneven 


cooling.  The  next  morning  the  pillow  block  was  put 
into  place  and  the  engine  was  soon  in  operation.  This 
repair  has  stood  a  test  of  ten  months'  service  and  the 
engine   is  in  operation  today. 


V 


Siiowixd    WioM)   IN    Pillow   Block 

This  is  only  one  instance  in  which  welding  has  proved 
a  sure  saving  of  much  money  and  unnecessary  delay.  The 
welding  of  large  jiieces  is  finding  favor  among  engineers 
and  is  an  economical  process  in  a  breakdown. 
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The  ordinary  Eingelmann  four-scale  chart  for  grading 
the  density  of  smoke  measures  PxS-l  in.,  and  must  be 
posted  about  50  ft.  distant  from  the  observer.  For  ac- 
curate reading  this  is  perhaps  the  best  size  of  chart  and 


The  two-spindle  arrangement  gives  the  tool  a  wide 
range  of  application,  and  the  spindles  can  be  reversed  for 
tapping  operations.  This  machine,  manufactured  by  the 
Stow  Manufacturing  Co.,  Biughamton,  X.  Y.,  is  fur- 
nished for  both  alternating  and  direct  current,  the  elec- 
tric connection  being  arranged  to  fit  any  ordinary  lamp 
socket. 


Actual  Size  of  Chart  to  Be  Used  at  Arm's  Lexgth 

the  proper  distance,  but  the  Hamler-Eddy  Smoke  Re- 
corder Co.,  Chicago,  111.,  is  issuing  a  chart,  illustrated 
herewith,  which  is  %  in.  high  and  3^4  in-  long,  printed 
on  a  2i/2X-l:i/4-in-  card.  A  reading  may  be  taken  at  arm's 
length.  It  is  convenient  to  carry  in  the  pocket,  and  for 
ordinarv  use  is  fairlv  accurate. 


DiraSlaira^  M&clhiiins® 

The  two-spindle,  two-speed  drill  illustrated,  is  designed 
for  use  as  a  portable  machine.  The  smaller  spindle  is 
fitted  with  a  Jacobs  chuck  for  holding  straight-shank 
drills  up  to  14  in.  in  size,  and  has  a  speed  of  450  r.p.m. 
The  larger  spindle  takes  a  ilorte  taper  drill  up  to  •'54  in. 


Uiralweirssill    Psvcl&nim^    15®©^ 

Every  engineer  realizes  the  ditficulty  which  he  has  en- 
countered in  using  tiie  ordinary  design  of  packing  hook 
where  space  is  restricted  between  the  crosshead  frame  and 
the  stuffing-box.  This  difficulty  seems  to  have  been  elimi- 
nated to  a  great  extent  by  the  type  of  packing  hook  il- 
lustrated herewith;  it  consists  essentially  of  a  universal 
ioint  between  the  worm  end  and  the  handle. 


Portable  Drilling  Machixl 

and  has  a  speed  of  225  r.p.m.     A  chuck  can  be  attached 
to  the  larger  spindle  if  desired. 


Tool  as  Used  \vith  Engine   Stuffing-Box 


The  hook,  which  is  manufactured  by  the  Universal 
Tool  Co.,  Box  756.  Waterbury,  Conn.,  can  be  used  in 
removing  packing  from  any  type  of  stuffing-box  on  en- 
gines or  pumps,  several  sizes  being  included  in  each  set. 
Fig.  1  illustrates  the  hook  as  used  with  a  gate  valve;  Fig. 
2  shows  how  it  is  nsed  in  removing  packing  from  the 
stuffing-box  of  an  engine  or  pump. 
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The  United  States  lias  less  legislation  relating  t(i 
bdilers  than  any  other  industrial  oountrv — and  more 
lioiler  explosions. 

The  opinion  that  that  government  governs  hest  which 
governs  least  has  met  with  too  general  an  acceptance. 

The  right  of  a  propertj'  owner  to  do  as  he  pleased 
with  that  which  was  his,  leaving  to  those  who  were  in- 
jured reparation  only  through  the  courts,  has  been  car- 
ried too  far. 

In  our  table  of  boiler  explosions,  printed  in  the  issue 
of  June  30,  there  were  mentioned,  all  told,  500  Ixiiler 
accidents,  including  tube  ruptures  and  hlowolf  fail- 
ures, many  of  which  resulted  in  fatal  injuries.  Otficials 
(if  three  different  boiler-insurance  companies  announced 
iKit  long  ago  that  their  losses  from  tube  failures,  etc., 
amounted,  in  the  aggregate,  to  more  than  those  from 
cnui))lete  explosions.  In  the  five  hundred  accidents  of 
v.liich  we  were  able  to  get  any  news,  I'M  i)eople  lost 
tli.'ir  lives  and  387  were  injured.  Our  reports  covere<l 
the  property  loss  in  only  163  of  these  accidents,  but  this 
tntaled  $2i;3,6-l:-4.  It  is  readily  conceivable  that  the  total 
liiss  in  all  the  accidents  that  occurred  would  be  very  far 
in  excess  of  that  figure. 

Most  of  these  disasters  were  preventable  by  the  exer- 
cise of  ordinary  human  foresight  and  intelligent  super- 
vision. Had  skilled  inspection  and  safe  operation  been 
imposed,  the  saving  would  have  been  worth  many  times 
what  it  cost. 

For  thirty-odd  years  Powkk  has  Ixvai  urging  legisla- 
tion to  this  end.  It  has  been  an  up-hill  fight.  TTsers 
cf  boilers  and  employers  of  engineers  saw  in  it  only  an 
attempt  to  place  upon  them  burdensome  restrictions,  to 
subject  them  to  the  extortions  of  another  set  of  grafting 
pul)lic  officials  and  to  curtail  their  labor  market.  On 
the  other  hand,  although  their  leading  organization,  the 
National  Association  of  Stationary  Engineers,  has  ac- 
tively advocated  such  legislation,  many  operatives  in 
charge  of  the  boilers  and  engines  have  opposed  it  through 
their  fear  of  being  unable  to  qualify  before  a  board  of 
examiners  and  obtain  licenses. 

Against  these  infiuences  and  the  general  intu'tia,  such 
laws  were  procured  in  a  few  states  and  cities,  and  finally 
Massachusetts,  under  the  impetus  of  a  particularly  dis- 
astrous explosion,  adopted  laws  which  provided  not  only 
for  the  inspection  of  boilers  and  the  examination  of  il:c 
men  who  should  run  them,  but  for  a  "Board  of  Boiler 
liules"  which  specifies  how  boilers  shall  be  constructed. 
V  hat  material  may  be  used,  how  the  :u'cessorics  shall  be 
<<muec!ed.  etc 

l-iike  legislation  has  been  adopted  bv  Oiiio  and  Detroit, 
and  is  under  consideration  by  the  legishitures  of  niany 
(<ther  states.  Some  of  tlu;  Canadian  |)n)vinces  luive  also 
established  boards  of  boiler  rules,  and  others  of  our  owti 
states  and  cities  have  less  comprehensive  regtdations  gov- 
erning the  pressure  allowable  with  certain  construction. 
Two  aspirants   for  degrees   in   one  of  our  Western   col- 


leges have  demonstrated  the  impossibility  of  making  a 
boiler  which  would  be  acceptable  in  all  of  nineteen 
states,  provinces  and  cities  having  such  regulations. 

This  condition,  which  promises  to  become  more  oner- 
ous and  complicated  through  the  extension  of  such  leg- 
islation and  the  adoption  of  still  other  incongruous 
regulations,  is  a  serious  one  for  the  boiler  makers.  Each 
boiler  must  be  built  with  a  knowledge  of  where  it  is  to 
go,  and  must  stay  there.  Boilers  cannot  be  built  for  the 
general  trade,  nor  for  stock,  and  various  kinds  of  plate 
and  material  must  be  kejit  oil  hand  to  meet  the  views 
of  different  boards  and  inspectors.  Furthermore,  the 
contractor  or  other  nomadic  user  of  boilers  may  find  his 
outfit,  designed  to  meet  the  requirements  of  one  locality, 
entirely  outlawed  in  another. 

Recognizing  the  growing  imjiortnuce  of  the  matter, 
the  American  Boiler  Jlanufacturcrs"  Association,  at  its 
Xew  Orleans  meeting  in  the  spring  of  1!)12,  adopted  a 
resolution  urging  uniform  boiler  legislation  in  all  states. 
The  National  Association  of  Tubular  Boiler  Manufac- 
turers, under  tlj^e  solicitation  of  Thomas  Durban,  of  the 
Erie  City  Iron  AVorks,  has  done  still  more  aggressive 
work  in  this  direction,  having  held  a  meeting  at  I'itts- 
burgh  for  this  special  purpose,  at  which  were  present 
boiler  makers  and  inspectors  from  all  over  the  country; 
a  later  meeting  in  Chicago  especially  for  consultation 
with  the  steel  manufacturers,  and  having  opened  corre- 
spondence with  the  governors  and  the  leaders  of  legis- 
lation in  all  of  the  states,  urging  the  necessity  of  legisla- 
tion concerning  the  construction,  installation  and  oper- 
ation of  boilers  and  the  desirability  of  uniformity  in  such 
legislation. 

If  there  is  to  be  a  great  forward  movement  along  this 
line,  it  is  essential  that  it  should  be  intelligently  directed. 
The  legislator,  knowing  little  of  the  subject,  torn,  twisted 
and  importuned  by  confiicting  interests,  should  have 
something  to  which  he  can  turn  as  a  guide  and  standard ; 
some  proposition  the  adoption  of  wliiih  is  so  obviously 
the  thing  to  do  tint  his  Avarring  constituents  will  have 
no  leg  to  stand  upon. 

The  one  conspicucnis  logical  authority  for  him  to  look 
to  is  the  big  luttional  professional  society  which  is  con- 
cerned wtih  such  matters,  the  Ann  rican  Societv  of 
M'echanical  Kngineers.  And  Ibis  society,  too.  is  alixc 
to  the  situation  and  has  already  taki'u  action  which  will 
enable  i(  to  respond  fully  and  inlelligcntly  to  this  <le- 
inand  upon  it. 

A  conimiltec  consisting  cd'  .lohn  .\.  Stevens,  consulting 
engineer  and  e\-inend)cr  of  the  Jlassa.-husetts  Board  of 
Boiler  Rules,  representing  the  users;  William  II.  I'.oehni, 
cf  the  Fidelity  &  Casualty  Co..  representing  llii>  insu'-- 
ance  interests;  Profs.  R.  C.  Carpenter,  o(  SWAoy.  ,ind 
E.  F.  M-iller.  of  the  Ma.ssachusetts  Institute  of  Tech- 
nology, reprcs(>nling  the  scientific  side;  Charles  Ij.  Hus- 
ton, vicc-i)r('sident  and  works  manager  of  the  Lukens 
Iron  &  Steel  Co.,  re])resenting  the  steel  manufacturers; 
I'ast-President  E.  1).  Meier,  president  and  chier  engineei 
of  the  Heine  Safety  Boiler  Co.,  and  Richard  Hammond, 
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president  of  the  Lake  Erie  Engineering  AVorlcs,  repre- 
senting tlie  boiler  makers,  has  been  appointed  "to  formu- 
late standard  specifications  for  the  construction  of  steam 
boilers  and  other  pressure  vessels  and  for  the  care  of  the 
same  in  service."  This  committee  has  prepared  a  tenta- 
tive report  including  not  only  boiler  rules  and  specifica- 
tions, but.  tinder  the  '"'care  of  same  in  service"  clause, 
forms  of  law  which  will  put  the  proposed  regulations  into 
effect.  Over  two  thousand  copies  of  tliis  report  have 
been  sent  out  to  specialists  in  the  lines  aifeeted  for  criti- 
cism and  suggestion. 

A  hearing  will  be  held  at  the  Engineering  Societies 
Building,  Xew  York,  on  September  l-->,  to  which  all  in 
any  way  interested  are  invited.  Discussion  shoidd  lie 
sent  to  the  committee  at  the  headquarters  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  39  West  39th  St., 
by  August  10.  Much  such  material  has  been  already 
received,  and  it  is  hoped  that  the  report  as  it  goes  to  the 
December  meeting  of  the  society  will  be  the  embodiment 
of  the  best  experience  and  wisdom  of  the  nation ;  for 
besides  the  committee  which  has  prepared  the  tentative 
report  and  the  specialists  who  have  been  invited  to  dis- 
cuss it,  everybody  having  any  interest  in  or  ideas  upon 
tlie  subject  is  invited  to  present  a  discussion  in  writing 
and  to  be  present  if  possible  at  the  hearing. 


On  Friday  afteriiuun.  .luui'  5-").  half  tiie  indu.-trial  and 
adjacent  residential  district  of  the  historic  city  of  Salem, 
Mass.,  was  wiped  out  l>y  a  conflagration.  Factories, 
churches,  schools,  homes,  stores — poles,  overhead  wires, 
stock  houses,  garages  and  buildings  to  the  number 
of  about  one  thousand  melted  away  in  the  flames  which 
Avere  swept  back  and  forth  through  the  town  by  the  veer- 
ing winds. 

Xear  the  center  of  the  fire  the  generating  station  of 
the  Salem  Electric  Lighting  Co.  awaited  the  onslaught  of 
the  conflagration.  The  conipan\-'s  offices  and  stock  build- 
ing, a  stone's  throw  away,  caught  fire;  the  advancing  wall 
of  flames  reached  the  ojijwsite  shore  of  South  Eiver,  a 
hundred  feet  distant  from  the  plant;  and  on  the  east 
and  south,  buildings  and  coal  piles  in  their  turn  fell  prey 
to  the  fire  demon.  Li  a  few  minutes  the  station  was  sur- 
rounded with  a  roaring  fury  of  heat  and  leaping  light; 
sparks  flew  against  the  walls  and  windows,  brands  struck 
the  roof  and  flying  oil  from  an  exploding  tank  on  adja- 
cent property  beat  against  the  windows. 

Inside  the  building,  five  men  waited  for  the  storm  to 
pass.  The  windows  were  of  wired  glass;  the  walls  were 
brick,  a  foot  thick ;  the  roof  was  of  tile  construction,  with 
tar  and  gravel  top.  The  distribution  system  was  cut  off, 
but  the  operating  force  kept  steam  up  and  ran  the  ex- 
citers. They  played  streams  of  water  against  the  only 
two  wooden  doors  in  the  building,  and  they  saw  to  it  that 
every  window  and  door  was  shut  to  the  limit  of  tight- 
ness. The  water  pressure,  normally  fifty  pounds,  was 
down  to  seven ;  but  the  boiler-feed  lines  were  kept  going. 
The  coal  conveyor  belt  became  ignited  and  carried  the 
flames  into  the  coal  pocket,  but  they  extinguished  them. 
In  the  fierce  draft,  sparks  flew  through  cracks  into  the 
boiler  room,  the  smoke  from  without  thickened  the  air 
almost  to  suffocation,  but  the  plant  wa.s  manned.  f4radu- 
ally  the  heat  subsided,  enabling  the  outer  air  to  be  let  in 


more  freely,  the  doors  were  opened,  and  at  two  o'clock  in 
the  morning  the  United  States  flag  rose  to  the  top  of  the 
building  amid  the  cheers  of  thousands  of  onlookers,  wIkj 
thus  paid  tribute  to  the  undaunted  courage  of  the  men 
behind  the  throttle  and  the  slice  bar — men  who,  like 
thousands  of  others  on  land  and  sea,  listened  to  the  call 
of  duty  when  it  came,  without  retreating,  and  with  honor 
to  their  occupation. 

That  this  brand  of  courage  is  to  be  expected  through- 
out the  engineering  profession  and  that  the  faithfulness 
of  the  men  at  the  plant  of  the  Salem  company  is  typical 
may  well  challenge  the  admiration  of  those  who  take  little 
thought  of  the  qualities  which  have  made  the  American 
nower-station  operator  what  he  is  today. 


The  way  to  avoid  an  exorbitant  charge  for  a  service 
is  to  do  it  oneself.  This  applies  to  communities  as  well 
as  to  individuals. 

If  water,  gas,  electricity,  transjwrtation  are  not  fur- 
nished satisfactorily  and  at  reasonable  rates  by  the  pres- 
ent ])urveyors,  it  behooves  a  community  to  furnish  them 
itself.  The  reasons  why  most  communities  do  not  do  sn 
are  the  distrust  of  municipal  ownership,  which  has  been 
created  at  enormous  expense  by  those  whose  interest  is 
to  prevent  it,  and  the  paper  walls  which  the  same  in- 
terests have  erected  against  the  communal  undertaking 
of  such  enterprises. 

Not  so  many  years  ago,  the  proposition  that  the  rates 
of  public-service  corporations  be  subject  to  govermnental 
regulations  was  decried  as  radical  and  revolutionary  in 
the  extreme — a  veritable  imposition  upon  the  rights  of 
property.  Today,  in  nearly  all  the  states,  the  activities 
of  public-service  corporations  are  controlled  by  public- 
service  commissions,  which  not  only  fix  rates  but  control 
the  issue  of  securities  and  decide  whether  a  company 
may  or  may  not  do  business  in  a  given  locality.  In  some 
states  it  is  necessary  for  a  city  to  obtain  the  sanction  of 
such  a  commission  before  its  people  can,  in  their  collec- 
tive capacity,  perform  their  own  public  services. 

The  decisions  of  these  boards  seem  to  indicate  that 
they  have  sometimes  been  unduly  impi'essed  by  the  able 
arguments  presented  by  the  best  talent  which  the  united 
interests  can  buy,  untempered  by  any  such  adequate 
presentation  of  the  people's  side  of  the  case. 

There  is  now  on  foot  a  movement  to  unite  the  cities  in 
an  eft'ort  to  procure  an  equally  able  presentation  of  their 
side  of  the  story.  Mayor  Eudolph  Blankenburg  of  Phil- 
adelphia has  issued  an  invitation,  in  which  he  is  joined 
by  Mayors  Mitchel  of  New  York,  Harrison  of  Chicago, 
Baker  of  Cleveland  and  Shroyer  of  Dayton,  to  the 
mayors  of  all  cities,  large  and  small,  to  meet  in  con- 
ference in  Philadelphia,  in  the  autumn,  to  discuss  the 
various  phases  of  the  public-utility  problems  as  affecting 
the  people,  and  how  they  may  best  be  dealt  with. 

It  has  been  suggested  that  a  Bureau  of  Public  Utilities 
Pesearch  be  organized,  which  shall  equip  itself  to  give 
to  the  cities  the  same  able  assistance  which  the  ptiblic 
ittilities  companies'  associations  give  to  the  public  utili- 
ties companies,  thus  in  effect  constituting  an  offensive 
and  defensive  alliance  among  the  cities  similar  to  that 
existing  among  public-utilit}'  corporations. 
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Power  Flsiinitts 

Mr.  Starkweather's  position  regarding  the  rating  of 
cloaed  heaters,  as  published  in  the  June  9  issue,  page  827. 
is  well  taken,  but  if  auxiliary  economy  is  the  object,  why 
use  the  closed  heater  at  all  ? 

It  is  true  that,  with  a  constant  of  transmission  of  250deg. 
per  sq.ft.  per  hour  per  degree  difference  in  temperature, 
the  water  may  be  heated  to  within  5  or  7  deg.  of  the  steam 
temperature.  As  each  10  deg.  in  the  temperature  of  the 
feed  water  ordinarily  represents  about  1  per  cent,  of  fuel, 
it  might  appear  that  only  one-half  or  three-quarters  of  1 
per  cent,  were  lost.  However,  if  the  amount  of  exhaiist 
steam  available  is  limited  at  times,  as  is  usually  the  case, 
the  loss  in  economy  through  the  use  of  a  closed  heater 
may  amount  to  1  or  li/4  per  cent.,  because  the  steam 
condensed  in  heating  the  water  in  a  closed  heater  is  or- 
dinarily wasted,  whereas,  in  the  open  heater  it  is  con- 
served, saving  the  heating  of  that  much  cold  water. 
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DiAGRA.M  Showing  Graphically  the  Result  of 

Tests  of  a  1300-Gal.  Heater  Using 

Exhaust  Steaji 

In  one  case  it  is  estimated  that  at  normal  load  there 
would  be  178,000  lb.  of  feed  water  to  be  heated  and 
that  the  supply  of  exhaust  steam  would  vary  from  18,000 
to  28,000  lb.,  while  at  50  per  cent,  overload,  with  2()0,000 
lb.  of  feed  water,  the  supply  of  exhaust  steam  would  vary 
from  21,000  to  31,000  lb.  per  hour.  Under  the  normal 
load  condition,  with  18,000  lb.  of  exhaust  steam  available, 
the  open  heater  would  give  a  temperature  of  195.5  deg.  F.. 
while  the  closed  heater  would  give  only  182.9  deg.,  a  loss 
of  about  li/i  per  cent,  in  fuel  economy.  With  28,000  lb. 
of  exhaust  avaihilile,  the  open  heater  would  give  tiico- 
retically,  and  practically  also  if  jjrovided  with  ))ro])er 
heating  trays,  212  deg.,  whereas  the  closed  heater,  assum- 
ing 0.7  sq.ft.  per  hor.sepower  and  a  coellicient  of  300  in- 
stead of  the  250  stated  by  Mr.  Starkweather,  could,  at 
the  best,  give  only  210  deg. 

I'nder  the  overload  conditions,  with  21,000  lb.  of  e.x- 
iiiuist  available,  the  open  heater  would  give  173.1  deg., 
and  the  closed  heater  only  1()3.1  deg.,  while  with  31,000 
III.  the  open  heater  would  give  212  deg.  and  the  closed 
heater  only  200.3  deg. 

The  capacity  in  both  cases  is  based  on  the  supposition 
that  no  steam  is  wasted.  This  condition  can  be  secured 
with  an  o])en  heater  if  properly  installed,  and  is  ordinar- 
ily giuiranteed  by  the  makers.     With  a  do.sed  heater,  ou 


the  other  hand,  it  is  difficult  or  impossible  to  secure  the 
maximum  transmission  unless  there  is  sufficient  exhaust- 
steam  surplus  to  keep  the  heater  free  of  an  accumulation 
of  air.  There  is  always  some  air  in  the  exhaust  steam, 
and  if  all  the  exhaust  steam  supplied  to  the  heater  is  con- 
densed, there  will  be  a  continual  accumulation,  bringing 
about  an  air-bound  condition  similar  to  that  of  a  surface 
condenser  operated  without  an  air  pump. 

In  closed  heaters  as  ordinarily  designed,  this  condition 
exists  even  when  there  is  considerable  surplus  of  steam, 
as  shown  in  the  accompanying  diagram,  giving  the  results 
of  a  test  on  a  closed  feed-water  heater  of  the  high-velocity 
type.  The  full  line  represents  the  higher  temperatures 
obtained  when  reducing  the  quantity  of  feed  water  and 
maintaining  the  flow  of  exhaust  steam  at  half  the  weight 
of  the  listed  water  capacity  of  the  heater.  In  other 
words,  about  three  times  as  much  exhaust  steam  was  be- 
ing passed  through  the  heater  as  should  have  sufficed  to 
heat  the  feed  water  up  to  212  deg.  The  dotted  line  gives 
the  temperatures  obtained  with  only  2300  lb.  of  steam  per 
hour,  and  shows  that  when  only  the  theoretical  amount  of 
steam  required  to  heat  the  water  is  supplied,  a  tempera- 
ture of  only  175  deg.  is  reached. 

It  is  true  that  the  waste  of  the  condensed  exhaust  steam 
could  be  avoided  by  fitting  the  closed  heater  with  an  oil 
separator,  as  has  been  done  in  some  cases,  and  it  also 
protects  the  tubes  of  the  heater  from  grease  accumula- 
tions, although  it  does  not  prevent  scale,  both  of  which 
frequently  cause  considerable  loss  in  heat  transference  in 
such  heaters.  If  this  is  done,  why  not  omit  the  tubes 
altogether  and  make  an  open  heater  of  it?  Properly  de- 
signed and  installed  oil  separators  have  proved  success- 
ful, and  water  condensed  from  steam  purified  by  STich 
separators,  or  heated  by  direct  actual  contact  therewith,  is 
used  for  ice  making,  dyeing,  laundering,  etc.,  where  the 
least  trace  of  oil  would  be  inadmissible 

Other  advantages  also  entitle  the  open  heater  to  con- 
sideration, as,  for  instance,  its  action  in  driving  air  and 
other  gases  out  of  solution  in  the  water  as  it  is  sprayed 
through  the  steam  bath  of  the  heater.  Eeeent  investiga- 
tions have  abundantly  established  the  fact  that  corrosion 
in  boilers  does  not  take  place  in  the  absence  of  dissolved 
air:  further,  where  the  piping,  the  turbine  casing  and  the 
condenser  are  carefully  erected,  the  air  dissolved  in  the 
feed  water  is  about  the  only  source  of  air  in  the  con- 
denser. With  absolutely  air-free  condensers,  the  prob- 
lem of  maintaining  high  vacuums  would  be  easily  solved, 
with  almost  any  kind  of  air  jjump  or  even  none  at  all. 

The  breaking  u]i  of  bicarl)onates  by  heat  also  brings 
about  the  preci])itation  of  a  considerable  portion,  which  is 
beneficial  in  the  case  of  the  open  heater,  as  the  sludge 
settles  in  it  instead  of  going  to  the  boiler;  it  is  detri- 
mental, however,  in  the  closed  heater,  as  the  formation 
of  scale  on  the  tubes  interferes  with  heat  transmission. 
The  open  heater  is  available  as  a  return  tank  or  hotwell 
lor  the  reception  of  live-steam  tra]i  discharge  and  other 
water  supplies  aijout  the  plant  suitable  for  boiler  feeding. 
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and  also  acts  as  an  automatic  makeup  water  regulator, 
neither  of  which  is  done  by  the  closed  heater. 

The  open  heater  has  been  brought  to  such  perfection 
and  utility — as  witness  the  use  of  extra-large  separators 
for  purifying  the  surplus  exhaust  steam  for  heating  sys- 
tems, cooking  kettles,  low-pressure  turbines,  drying  sys- 
tems, etc.,  and  the  recently  introduced  metering  heaters. 
for  measuring  the  boiler  feed — that  a  return  to  the  closed 
lieater  seems  a  step  backward. 

There  is  one  place,  however,  where  the  closed  lieater 
may  be  used  as  a  primary  heater  in  the  exhaust  line  be- 
tween the  engine  and  the  condenser.  This,  however,  is 
being  discarded  because  of  the  extra  resistance  introduced, 
and  because  recent  designs  of  condensers  deliver  the  con- 
densate nearly  at  steam  temperature. 

William  B.  Campbell. 

Philadeljihia,  Penn. 


A  number  of  Power  articles,  as  well  as  an  editorial, 
on  the  value  of  laboratory  coal  testing,  have  interested 
me.  Laboratory  tests  alone  are  of  but  little  service,  and 
purchasing  coal  on  the  B.t.u.  basis  alone,  or  the  B.t.u. 
and  ash  basis,  particularly  by  proximate  analysis,  is  un- 
wise because  it  does  not  give  any  real  information  as 
to  what  the  coal  will  do  when  burned  under  the  boiler. 

Different  types  of  boilers  and  settings  will  burn  to  the 
best  advantage  coal  of  only  one  character,  each  boiler  and 
setting  being  adapted  to  a  coal  having  certain  fairly 
■definite  characteristics.  It  is  advisable,  therefore,  to  ex- 
periment with  different  coals  under  the  boiler,  and  de- 
termine which  one  will  evaporate  the  most  water.  Next, 
take  the  best  sample,  have  it  analyzed,  and  draw  up  speci- 
fications for  coal  which  will  come  as  close  to  this  analysis 
as  is  possible. 

Coals  vary  widely  in  moisture,  volatile  matter,  fixed 
carbon  and  ash.  For  the  majority  of  boilers  as  now  set — 
i.e.,  too  near  the  grates — coals  which  run  the  lowest  in 
moisture  or  are  high  in  fixed  carbon  are  the  most  satis- 
factory. 

The  accompanying  table  is  of  samples  of  coals  ranging 
in  heat  value  from  14,701  to  13,825  B.t.u.  The  volatil« 
matter  ranges  from  36.77  to  1.5.8  and  the  fixed  carbon 
from  75.83  to  55.14;  the  latter,  Xo.  10,  is  low  in  moisture, 
comparatively  low  in  ash,  but  high  in  volatile  matter. 
This  coal  with  the  ordinary  low  setting  will  not  give  near- 
ly as  good  results  in  evaporation  as  Xo.  4,  which  has  75 
per  cent,  fixed  carbon  and  but  15.8  per  cent,  volatile 
matter. 

Order  Order  of 

of  Value  VolaUle  Fi.xed                    Volatile 

by  B.t.u.  B.t.u.  Moisture  Matter  Carbon  Ash    Matter 

1 14,701  2. SO           17.10  74. SO  5.30           12 

2 14.672  1.63           17.17  75. S3  5.S6           11 

3 14.522  3.37           21.SIJ  70.74  4.09             9 

4 14.499  1.10  15.80  75.69  7.41  14 

5 14,470  3.05  31.65  60.82  4.4S  3 

6 14,465  2.00  17.52  74.10  6.33  10 

7 14,436  3.74  31.04  61.31  3.91  4 

8 14,425  2.96  22.74  69.29  5.01  8 

9 14,279  3.51  16.82  73.04  6.63  13 

10 14.107  1.75  36.77  55.14  6.34  1 

11 14,105  2.86  i3.25  58.08  5.83  2 

12 14,074  3.23  26.16  63.90  6.71  7 

13 14,069  1.48  28. 5S  61.55  8.39  6 

14 13,925  4.08  28.61  60.73  6.58  5 

The  reason  is  that,  with  the  present  character  of  set- 


ting, with  grates  so  near  the  boilers  and  with  hand  firing, 
the  volatile  matter  is  driven  off  unburued,  carrying  with 
it  a  considerable  percentage  of  fixed  carbon  in  the  form 
of  smoke.  Therefore,  in  addition  to  the  B.t.u.  test,  the 
specification  should  state  the  minimum  of  fixed  carbon 
or  the  maximum  of  volatile  matter,  as  well  as  the  per- 
centage of  ash  and  moisture.  In  no  better  way  can  the 
purchaser  be  assured  that  the  coal  bought  will  work  sat- 
isfactorily. 

Til  is  was  ])lainly  demonstrated  in  a  large  plant  where  j 
coal  was  bought  on  a  straiglit  B.t.u.  basis.  The  coal  was 
sampled  by  an  expert  and  carefully  analyzed.  In  many 
samples  the  B.t.u.  ran  above  the  guarantee,  and  a  bonus 
was  paid,  but  the  evaporation  fell  off'.  The  owners  were 
seriously  "up  against  it."  Fortunately,  before  this  had 
gone  on  long,  they  again  called  in  the  engineer  who  had 
written  the  specifications.  The  coal  dealers  claimed  that 
they  were  furnishing  all  that  was  called  for  and  demanded 
the  bonus.  The  engineer,  however,  pointed  out  a  clause 
in  the  contract,  which  had  been  put  in  largely  as  an 
afterthought,  covering  the  minimum  amount  of  fixed  car- 
bon v\hich  would  be  accepted ;  the  coal  furnished  liad  I'un 
considerably  under  this  percentage.  Thereafter  a  different 
coal  was  sent,  which  met  the  needs  of  the  plant  fully. 

Of  course,  it  must  be  remembered  that  coals  vary  in 
different  localities  in  volatile  matter,  fi.xed  carbon,  ash 
and  moisture,  but  each  will  burn  satisfactorily  with  some 
certain  type  of  setting.  Tiierefore,  when  installing  a 
plant,  the  first  thing  to  do  is  to  determine  the  character 
of  the  coal  which  is  in  that  market,  and  then  use  a  boiler 
and  setting  adapted  to  such  coals.  This  point  being 
covered,  a  specification  can  be  drawn  which  will  describe 
the  coals  desired,  and  thereafter  economy  is  assured  so  far 
as  it  can  be  obtained  through  the  proper  purchase  of  coal. 

Henry  D.  Jackson. 

Boston,  Mass. 


L©sid=(GasM©tt   Mold 

A  mold  we  use  for  forming  small  lead  gaskets,  I  think, 
is  much  better  than  the  plates  described  by  J.  C.  Haw- 
kins in  Power  of  April  38,  p.  604.  It  is  light  and  easy 
to  handle,  and  one  man  can  pour  twice  the  number  of 
gaskets  with  it  that  two  men  can  with  the  plates.  One 
of  the  handles,  shown  is  to  be  clamped  in  a  vise. 


Mold  for  Small  Gaskets 

We  have  used  them  with  satisfaction  on  Heine  boilers, 
carrying  150  pounds  pressure.  The  gaskets  are  easily 
removed  from  the  mold  with  the  aid  of  a  screwdriver. 

C.  L.  Spurrier.      i 

Elvria,  Ohio.  I 
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That  a  slack  belt  has  decided  advantages  over  a  tight- 
running  belt  has  been  repeatedly  stated,  but  data  relative 
to  the  reliability  and  pulling  power  of  the  former  have 
not  been  given. 

Here  are  some  figures  taken  from  eight  actual  installa- 
tions where  belts  are  run  with  considerable  slack.  They 
prove  that  tightness  is  certainlj^  not  always  necessary ;  I 
do  not  believe  it  is  ever  necessary.  The  trick  in  belt  op- 
eration is  to  keep  the  belt  flexible  and  soft  so  that  good 
contact  is  always  made  with  the  pulleys. 

Tension  on 

Pullins  Side, 

Horsepower   per  Inch  of 

Width  of  Belt,  In.  Kind  of  Belt  Transmitted   Width,  Lb. 

10 Canvas  85  90 

12 Leather  82  92 

19 Leather  90         110 

14 Leather  100         113 

6 Leather  25         114 

20 Leather  100         117 

10 Cotton  70         127 

16 Painted  canvas        300         264 

Xote,  particularly,  the  last  column  on  the  right.  These 
pulling  tensions  are  much  higher  than  is  usually  attained 
with  belts  that  are  kept  tight  on  the  nonpulling  side,  and, 
better  still,  these  slack  belts  run  smoothly,  giving  no 
trouble  whatever;  they  pull  peak  loads  with  ease. 

The  looser  the  belt,  the  greater  is  its  are  of  contact, 
and  therein  lies  one  of  the  greatest  advantages.  These 
data  are  a  direct  contradiction  to  the  declarations  made 
by  many 'that  "'belts  well  proportioned  for  the  work  re- 
quired of  them  need  tightening  at  intervals  of  two  to 
six  months." 

S.  F.  Wilson. 

Xew  York   City. 


In  the  June  16  issue,  \.  P.  t'oniier  .-Jiiggests  that  in 
cases  where  mechanical  draft  is  used,  a  much  greater  effi- 
ciency could  be  obtained  by  electrifying  the  air  before 
it  goes  to  the  blower.  He  states  that  this  would  cause  the 
air  to  become  ozone,  which,  in  contact  with  the  fire,  would 
combine  much  more  energetically  than  ordinary  air. 
It  may  be  interesting  to  learn  more  about  this  little-un- 
derstood ozone. 

Ozone  was  first  noticed  by  Van  Marum,  in  1785,  as  a 
peculiar  smelling  gas  formed  during  an  electric  dis- 
charge. Schoenbein  named  the  gas  and  noted  its  pow- 
.prful  o.xidizing  properties.  Ozone  is  a  modification  of  the 
element  oxygen. 

The  smallest  particle  (molecule)  of  ordinary  oxygen 
cajiable  of  existing  alone  consists  of  two  oxygen  atoms, 
while  the  molecule  of  ozone  has  three.  As  the  oxygen 
atoms  in  ozone  are  not  as  firmly  held  together  as  those 
in  ordinary  oxygen,  ozone  is  readily  broken  up  or  decom- 
posed by  many  substances.  In  the  presence  of  moisture 
nearly  all  nu'tals  except  gold  and  platinum  decompose 
ozone,  and  are  themselves  oxidized  or  corroded.  Ozone 
is  jKirfinlli/  drconiposed  into  ordinary  oxygen  at  room 
temperature  and  rompletely  decomposed  if  heated  to 
about  570  deg.  F.  Ozone  has  other  interesting  properties: 
It  is  blue  in  color;  has  an  odor  somewhat  resembling  that 
of  bleaching  powder,  and  one  part  in  500,000  parts  of  air 
pan  be  detected :  it  acts  on  the  respiratory  organs,  making 
breathing  ditTuult,  and  small  animals  die  quickly  when 
they  breath  it. 

The  u.se   of  ozone   for   imjiroving   fiinuKtf'   combustion 


seems  more  fanciful  than  practical.  Even  assuming  that 
any  of  the  "ozonizers"  on  the  market  are  capable  of  cheap- 
ly and  completely  changing  the  oxygen  of  the  air  to  ozone, 
it  is  very  doubtful  whether  any  ozone  as  such  would  ever 
reach  the  furnace  fires.  Unless  all  the  moisture  in  the 
air  was  eliminated,  the  ozone  in  the  presence  of  moisture 
would  have  a  corroding  action  upon  nearly  all  metals  with 
which  it  came  in  contact,  and  would  itself  be  decomposed. 
Since  ozone  is  completely  broken  up  at  about  570  deg. 
F.,  which  is  well  below  combustion  temperatures,  if  is 
obvious  that  before  it  reached  the  fire  it  would  be  trans- 
formed into  ordinary  oxygen  and  the  electrical  energy 
which  had  been  consumed  in  its  production  would  have 
been  wasted. 

WlLLI.Vil  A.  DUXKLET. 

Atlantic  City,  X.  J. 

Baffliffii^  WsifteE'°TusIbe  Boilers 

In  the  May  1!)  issue,  in  the  article  on  "Baffling  Water- 
Tube  Boilers."  the  information  contained  is  valuable,  but 
it  might  be  misleading  from  the  fact  that  it  applies  to 
natural  or  induced-draft  installations  only.  The  areas 
given  therein  will  not  prove  successful  from  an  efficiency 
or  capacity  standpoint  on  forced  draft,  being  especially 
inefficient  on  overload  capacities. 

That  the  same  areas  will  not  apply  to  forced  draft  can 
be  determined  mathematically  as  well  as  by  actual  test. 
Consider,  for  instance,  the  release  areas  on  the  Stirling 
boiler.  Other  conditions  being  equal,  the  ratio  between 
any  pair  of  release  areas  would  be  determined  by  a  com- 
pound proportion,  the  first  terms  of  which  are  the  ratio 
at  corresponding  points  of  vacuum  or  draft  measured  by 
water  gage  and  the  ratio  of  the  volume  of  gases  at  the 
same  points  due  to  difference  in  temperature. 

It  may  be  assumed  for  all  practical  purposes  that  the 
latter  ratio  is  the  same  in  both  natural-  and  forced-draft 
installations,  so  that  the  area  of  release  openings  may 
be  considered  inversely  proportional  to  the  water  gage  at 
or  near  the  release  areas.  If  the  vacuum  or  draft  at  each 
release  of  a  Stirling  boiler  beginning  at  the  release  near- 
est the  stack  is  represented  by  the  letters  T'j,  T',  and  T'3 
and  the  vacuum  over  the  fire  by  V^;  and  the  correspond- 
ing release  areas  as  H^,  /?,  and  i?-,  the  following  pro- 
])ortion  will  be  obtained : 

In  forced  draft  V^  can  be  considered  zero,  as  in  modern 
forced-draft  plants  it  is  held  down  to  from  0  to  0.05  in. 
In  natural-draft  plants  the  stack  pull  must  be  sufficient 
to  overcome  the  fuel-bed  resistance  and  1^  becomes,  say, 
0.25  in.  The  vacuum  at  the  three  releases  would  then  be: 
r,  -f  0.25  in.,  v.,  -f-  0.25  in.,  and  V,,  +  0.25  in.  The 
proportion  for  the  release  area  would  be, 

r,  +  0.25:  1^3  4-  0.25:  :/,".,:  7?', 

It  is  evident  that  the  addition  of  a  constant  tn  each 
term  of  a  ratio  changes  the  ratio,  and,  therefore,  the  ratios 
of  the  release  areas  in  natural  draft  are  not  the  same  as 
in  forced  draft.  The  addition  of  a  constant  also  decreases 
the  fourth  term  of  the  proportion,  which  also  demon- 
strates that  the  release  areas  nearest  the  stack  on  forced 
draft  should  be  reduced  and  that  the  passes  nearest  the 
grates  should  be  increased,  over  the  usual  practice  with 
natural   draft. 

This  result  has  been  demonstrated  in  practice  ninny 
times  ami   the   rclea.'ic  areas  Ihnt   jirove  successful   by  ex- 
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perimeut  witli  natural  draft  are  misuccessful  with  forced 
draft.  Anyone  installing  or  using  forced  draft  and  en- 
deavoring (-0  get  results  by  using  ratios  of  openings  given 
in   the   article   mentioned   would   have   serious   difficulty. 

J.    H.    DiETZ. 

Cleveland,  Ohio. 

[Ii?  this  article  Mr.  Monnett  referred  to  natural  draft 
only.  AVhat  he  has  to  say  concerning  forced  and  induced 
draft  will  appear  later  in  the  series.— Editor.] 


Fap©    is  'e 

The  suggestion  given  by  Basil  Copping,  on  page  78(5, 
June  2,  about  the  cause  of  the  blowoff  fracture  does  not 
look  good  to  me.  Xo  doubt,  opening  the  cocks  disturbed 
the  scale  slightly,  or  that  when  closed  the  scale  blockade 
gave  away  suddenly  and  was'  forced  into  the  practically 
empty  pipe  along  with  water.  It  is  simply  a  case  of  water- 
hammer. 

An  interesting  blowoff  lireak  occurred  here  on  .Tune  7 
during  a  heavy  rain  storm,  with  a  lot  of  lightning  and 
thunder  thrown  in.  Several  people  noticed  what  lookc>d 
like  a  ball  of  fire  break  and  scatter  right  over  our  smoke- 
stack ;  at  the  sajue  instant  the  blowoff  pipe  on  one  of  the 
boilers  gave  way.  There  was  70  lb.  pressure  on  the  boiler 
at  the  time  and  it  made  things  lively ;  steam  and  cinders 
were  blown  about  the  boiler  room.  The  blowoff  pipe  was 
later  examined  and  found  to  be  bent  and  twisted.  The 
end,  which  was  outside  of  the  boiler  setting  and  not  in 
contact  with  tire  or  heat,  was  fused  and  twisted  badly, 
it  was  also  red,  as  if  it  had  been  hot  and  part  of  the  end 
was  fused.  Xothing  else  w^as  damaged.  The  boiler  in- 
spector and  I  agree  that  it  was  caused  by  the  lightning, 
but  why  it  should  come  down  the  chimnew  strike  the 
blowoff  pipe  and  touch  nothing  else,  beats  nu>. 

Joiix  Thorx. 

Toronto,  Ont..  Canada. 


A  point  that  is  frequently  overlooked  when  selecting 
pulleys  is  that  the  larger  the  pulley,  the  less  will  be  the 
pull  on  the  bearing  and  belt  in  transmitting  a  given 
power,  the  speed  of  the  shaft  being  constant. 

I  Shaft  running  at 
XSOORp.m.  and 
\transmitt/ng  SO  tip. 

Pulley  Rims. 
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Belt  Speed  axd  Pill 


For  example,  a  12-in.  pulley  transmitting  50  hp. 
at  300  r.p.m.,  the  belt  speed  would  be  about  943  ft.  per 
min.,  and  the  pull  (assuming  zero  tension  on  the  slack 
side)  1750  lb.  With  a  24-in.  pulley  the  speed  would  be 
188()  ft.  per  min.,  and  the  pull  875  lb.,   and  so  on,  as 


shown  in  the  diagram.  It  is  best  not  to  use  either  ex- 
treme because,  where  the  diameter  is  small  the  pulp 
is  too  great,  and  where  the  diameter  is  excessive,  the 
velocity  is  too  great. 

W.    F.    SCH.VPIIORST. 

Xew  York  City. 

I  fed  a  lot  of  oil  into  a  two-stage,  tandem  air  com- 
pressor to  be  sure  I  would  get  enough  into  the  cylinder, 
but  I  used  too  much,  and  it  exploded  in  the  high-pressure 
air  cylinder.  Xo  damage  w-as  done  to  the  air  compressor, 
but  the  high-pressure  air  line  ruptured  in  five  different 
places.  Small  pieces  of  copper  pipe  were  found  all  over 
the  building  and  some  went  through  the  roof.  Fortim-' 
ately,  no  one  was  injured. 

John  J.  Oelkich. 

Anuidoville.   Ariz 

Pitting  of  the  mica  insulation  between  segments  of 
commutators  leads  to  all  sorts  of  trouble.  The  better  the 
insulating  material,  the  less  the  danger  of  pitting,  al- 
though the  best  will  pit  to  some  extent.  This  results  in 
a  flash-over,  burned-out  coil  or  other  commutator  trouble. 

To  overcome  this,  I  use  a  paste  made  up  of  powdered 
mica,  plaster  of  paris  and  orange  shellac  mixed  together 
in  the  form  of  an  easily  workable  mixture.  To  apply,  first 
clean  out  all  the  burned  insulation  and  scrape  until  the 
mica  can  be  seen ;  then  press  the  paste  into  all  the  crevices 
thoroughly  without  entrapping  air.  Allow  the  -work  to 
stand  for  a  short  time,  and  then  scrape  with  sandpaper 
until  the  commutator  is  smooth,  and  the  machine  is  ready. 

The  drier  this  paste,  the  better  the  insulation.  There- 
fore, to  be  sure  of  a  good  job,  bake  or  heat  it  with  a  torch 
until  dry.  It  will  keep  a  motor  or  generator  running  as 
long  as  there  are  no  burned-out  wires,  and  will  often  save 
coils  from  being  burned  out.  The  best  tool  for  cleaning 
out  the  burned  mica  is  had  by  grinding  a  hacksaw  blade 
to  about  the  thickness  of  the  insulation. 

I  have  tried  this  for  years  and  have  found  it  to  give 
good  satisfaction. 

F.  A.  Grohsmeyer. 

Chi.ago,   111. 

In  answer  to  E.  P.  Pearce's  letter  in  the  June  9  issue, 
I  do  not  believe  that  the  insulation  was  affected.  There 
is  always  a  little  moisture  in  the  engine-room  coming 
from  the  crank  cases  of  two  Westinghouse  engines,  and 
this  collects  in  the  generator  casing  as  soon  as  the  tem- 
perature goes  below  freezing. 

The  handhole  plates  were  taken  off  and  no  moisture 
or  frost  could  be  found  inside,  while  the  coils  were  of  a 
higher  temperature  than  the  casing.  As  the  load  in- 
creased to  one-half  or  better,  the  frost  started  to  melt 
off.  The  field  excitation,  so  far  as  coidd  be  ascertained, 
was  not  impaired  and  is  usually  better  in  cold  weather 
than  in  summer. 

F.  E.  Albrecut. 

Lisbon,  Ohio. 
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BesiSim  aim  ftlh©  E-Ea^aira®  R 
That  the  coal  record  of  many  of  our  smaller  plants  is 

not   accurately   kept   is    due   to    not   having   the   proper 

weighing  facilities. 

The  idea  shown  here  comes   from  one  of  our  engine 

rooms.    The  scale  beam  can  be  placed  in  the  engine  room. 


Sc.vLE  Hkaj[  IX  Better  Locaiiox 

where  the  chief  or  the  engineer  in  charge  can  read  and 
record  the  weight  of  the  coal  as  it  is  delivered.  The  scale 
beam  can  thus  be  kept  in  a  better  condition,  and  the  en- 
gineer does  not  have  to  leave  his  post  to  ascertain  the 
correct  weight.  i\Iany  of  our  plants  could  be  thus  equipped 
by  simply  lengthening  the  link  rod  E. 

C.  E.  McGahey. 
Baltimore,  Md. 


Tlie  illustration  shows  a  section  of  an  easily  made 
packing  which  will  be  found  serviceable  for  the  steam 
ends  of   direct-acting   pumps   and   compressors.      It   has 


MKTAr.LIf:   Packinc 

two  parts — i.e.,  heavy  lead-pipe  rings  and  bearing  riiig.s 
which  also  act  as  wedge  blocks.  The  lead  ])ipe  is  cut  a 
little  shorter  than  the  circumference  of  the  rod,  then 
one  end  is  i)lugged  with  a  disk  of  lead  and  soldereil  up. 


;ind  the  tube  rammed  tight  witli  powdered  graphite, 
which  has  had  enough  cvlinder  oil  added  to  make  it  plas- 
tic. 

When  the  ring  is  full  a  disk  is  soldered  into  the  other 
end  or  the  end  beaded  over  the  disk  (the  presence  of  oil 
makes  soldering  ditficult).  A  number  of,  i/g-in.  holes  are 
drilled  on  the  rod  side  of  the  packing  at  about  %-iu. 
centers  so -that  the  lubricant  will  come  out  on  the  rod. 

The  bearing  rings  must  be  in  halves  and  may  be  left 
rough  on  the  sides,  the  edges  being  fitted  to  the  rod  and 
stuffing-box,  where  it  will  give  the  rod  a  little  support. 
The  Ijest  mixture  for  the  rings  is  composed  of  75  parts 
lead,  5  parts  tin  and  20  parts  antimony,  but  pure  lead 
may  be  used  with  success.  At  the  outer  end  of  the  gland 
a  turn  of  ordinary  soft  packing  is  put  in. 

It  is  also  advisable  to  ilrill  a  few  holes  in  the  bearing 
rings  to  enable  them  to  he  drawn  out  with  an  ordinary 
packing  hook.  This  packing  is  suitable  for  any  saturated 
steam  pressure  in  ordinary  use  and  for  low  superheats 
so  long  as  the  total  temperature  does  not  exceed  475 
deg.  F. 

The  sketch  shows  the  packings  in  place  before  screwing 
up  the  gland,  after  which,  of  course,  they  are  distorted. 

E.  P.   Peakck 

Pochdale,  England. 


A  ])oilcr  having  a  dome  mounted  as  shown  in  the  sketch 
had  a  4-in.  outlet  at  A.  A  6-in.  hole  was  cut  in  the 
boiler  shell  at  B  to  allow  the  steam  to  enter  the  dome. 
AYheu  the  boiler  was  under  pressure,  and  was  not  in  use, 
a  cracking  noise  in  the  dome  could  be  heard.    The  steam 


Wiii.NK    I  hi:    \\aii:i;    Loihii:i) 

WdiiM   be   very  wet   wbcii   tiie   Mihc   was   first  turned  on. 
After  the  boiler  cooled  down,  pockets  of  water  were 

li' 1  at  the  points  C  and  D  in  the  dome.    To  drain  these 

jiockcts,  holes  were  drilled  at  the  points  E  and  F,  and  the 
troubU?  stopped.  Evidently  the  heat  in  the  steam  failed 
to  evaporate  the  water  in   the  dome. 

ClIAHLES    G.     BlDEIi. 

St.  Ix.nis,  Mo. 
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Last  Lesson  s  Answkhs 

n.  The  length  of  the  crank  OA  (Fig.  62)  is  G  in.  In 
one  revolution  of  the  engine  the  erankpin  A  will  uiove  a 
distance  equal  to 

2  X  3.141()  X  <>  =  37.7  in.  =  3.1-1  //. 
Tlie  velocity  of  the  erankpin  in  feet  per  minute  equals 

300  X  3.14  =  942  ft. 
Let  the  line  AC  drawn  at  right  angles  to  the  line  0.1, 
represent  this  velocity.  Extend  the  line  of  the  connect- 
ing-rod BA  and  from  ('  drop  the  perpendicular  ('.1/  to 
.AB.  Then  the  line  .43/  will  give  the  velocity  with  which 
the  connecting-rod  is  moving  at  the  given  instant  and. 
since  the  rod  is  asstimed  rigid,  the  velocity  of  B  (whicli 
represents  the  crosshead)  must  equal  the  velocity  AM  of 
the  point  .4.  The  velocity  of  the  crosshead  is  the  hori- 
zontal component  of  the  velocity  of  the  connecting-rod. 
Therefore,  draw  the  line  AX  horizontal,  and  from  M  drop 


graphically  as  shown  in  Fig.  (j2  instead  of  being  iigured 
numerically  as  lias  been  done  in  this  problem. 

72.  The  resultant  of  the  velocity  with  which  the  man 
is  rowing  the  boat  and  the  velocity  of  the  stream  must 
be  a  horizontal  velocity  if  the  boat  is  to  land  at  a  point 
directly  opposite  its  starting  point.  In  Fig.  63,  let  0.4 
represent  this  resultant  velocity,  OB  the  direction  the 
man  has  to  head  the  boat  and  OC  the  direction  of  the 
current  of  the  stream.  From  the  conditions  of  the  prob- 
lem, OB  equals  si.x  miles  per  hour  and  OV  equals  two 
miles  per  hour :  hence 

4  /? 
sin  .1-  =  'jY^n  =  I  =  0.333,  or  x  =  lOj  (leg. 

73.  The  velocity  with  which  he  is  crossing  the  stream 
is  given  by  the  line  0^4    (Fig.  63)   which  is  equal  to 

OB  X  cos  .i,-  =  6  X  0.943  =  5.66  miles  per  hour  = 
498  //.  jjcr  mill. 

74.  Time  equals  sj)ace  divided  by  the  average  velocity. 


Fig.  68. 

the  perpendicular  MN  to  the  line  .t.V. .    The  numerical 

value  of  the  velocity  .4.V  may  be  fotind  as  follows : 

AD 
siu  a  =  -j-g 

and 

AD  =  0.4  X  •<'"  4.5  deij.  =  6  X  0-707  =  4.24  in. 


Or 


time 


1000 


Fig.  63. 


2  onin.  (tippro.r.) 


4.24 

30 


0.14 


hence  angle  a  =  8  deg.  (approx.).  By  construction  the 
angle  CAN  =  (angle  a  -f  angle  x)  —  45  deg.  Xow, 
since  the  angle  n  equals  8  deg.  it  must  be  evident  that 
the  angle  .r  equals  (45  —  8)    =  37  deg. 

But" 
.4.1/  =  AC  X  ros  37  del].  =  942  X  0-799  =  752 
and 

AX  =  .4.1/  X  cos  8  deg.  =  752  X   0.99  =  745 
Therefore,  the  velocity  of  the  crosshead  at  the  given  in- 
stant is  745  ft.  per  min. 

This  problem  is  inserted  to  illustrate  the  fact  that  it  is 
possible  for  a  single  velocity  to  have  a  number  of  com- 
ponents acting  in  any  number  of  directions.  As  a  general 
rule   the  velocity   of   the   crosshead   will   be   determined 


75.  The  desired  velocity  may  be  found  by  substituting 
the  given  velocities  in  equation  (29).  Thus  \\  =  50  ft. 
per  min.,  V„  =  75  ft.  per  min.  and  V^  =  200  ft.  per 
min.  Hence,  letting  X  equal  the  velocity  of  the  load 
relative  to  the  ground,  there  results, 

X  =  V  502-1-752-1-2002  =  VT8a25  =  219-|-./y.  23er  min. 
UxiFotiii  Axu  Accelerated  Motion 

Acceleration  is  the  rate  at  which  the  velocity  of  a  hody 
changes  and  is  expressed  in  the  number  of  feet  per  second 
the  velocity  changes  for  every  second  the  body  is  in  mo- 
lion.  This  acceleration  may  be  uniform  or  variable;  if 
uniform  the  velocity  will  increase  at  a  uniform  rate.  The 
formulas  tvhich  are  derived  in  this  le.s,son  apply  only  to 
problems  involving  vniforinly  accelerated  motion. 

A  body  starting  from  rest  and  moving  with  an  accelera- 
tion of  a  ft.  per  sec,  at  the  end  of  T  sec.  will  have  ac- 
quired a  velocity  of  aT  ft.  per  sec.  Let  V  =  this  velocity. 
Then 

V  =  a  X   T  (30) 
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The  average  velocity  dunug  the  time  the  body  is  in  mo- 
tion will  be  the  sum  of  the  final  and  initial  velocities 
divided  by  two  or 

/O  -\-  aT\  _aT 

'  ~  a 

The  space  S  passed  over  by  the  body  will  equal  the  average 
velocity  multiplied  by  the  time,  or 

aT 

-1^   X 


cn=(- 


T  =  hiiT^ 


hence, 

.S  =  1/2  aT' 
Also,  from  equation   (30), 

a 
Substituting   this   value   for    T 


in    equation 
2  a 


(31) 


(31),    thus 


and 


T^  =  2aS 


F2 


2S 


(32) 


(33) 


Therefore,  when  a  body  starts  from  rest  the  acceleration 
may  be  found  if  the  final  velocity  and  the  space  passed 
over  are  known.  Equation  (33),  it  will  be  noted,  is  in- 
dependent of  the  time. 

lllustratwn:  A  train  starts  from  rest  and  after  it  has 
passed  over  a  distance  of  1000  ft.  attains  a  speed  of  22 
ft.  per  sec.     What  is  its  acceleration? 


From  equation  (33)     a 


^-^     where  V  =  the  final 


velocity  in  feet  per  second,  and  iS"  is  the  distance  passed 
over  during  the  attaining  of  the  given  velocity, 

22  X  22        n  o  <   j-i 
^  -  o  Ky  ir.f.n  =  0.24  ft.  per  sec.  per  sec. 

In  certain  ])roblems  it  may  be  desirable  to  express  the 
acceleration  in  some  other  units  as  miles  per  hour  per 
Hecond,  or  miles  per  hour  per  hour. 

If  the  body  has  an  initial  velocity  of  U  feet  per  second 
before  the  increase  in  velocity  takes  place  the  formulas 
just  stated  will  be  somewhat  modified.  Thus,  let  U  = 
the  initial  velocity  of  the  body  in  feet  per  second.  Then 
if  the  iiody  moved  with  a  uniform  velocity  only,  for  T 
sec.  the  space  passed  over  would  be  UT  ft.  Now,  if 
in  addition  to  the  uniform  velocity  the  speed  is  being 
accelerated,  then  the  space  passed  over  during  the  time 
of  the  acceleration  will  be  ^2  oT'y  as  shown  in  equation 
(31),  to  which  must  be  added  the  .space  passed  over  due 
to  the  uniform  velocity  of  U  ft.  per  sec.  Therefore,  the 
total  space  passed  over  by  a  body  moving  with  an  initial 
velocity  of  U  ft.  per  sec.  which  is  accelerated  at  the  rate 
of  <:  ft.  per  sec.  for  a  period  of  T  sec,  will  be  given  by 
the  equation, 

S  =  UT  +  1/2  «r  (34) 

The  final  velocity  of  the  body  at  the  end  of  the  period 
of  acceleration  will  equal  the  sum  of  the  initial  velocity 
U,  plus  the  gain  in  velocity,  which,  from  equation  (30), 
IB  aT.    Let  V^  =  the  final  velocity,  then, 

V,  =  U  +  aT  (35) 

Example:  A  train  is  running  at  15  miles  per  hour 
(22  ft.  per  sec).     The  engineer  turns  on  more  steam  so 


i:s  to  give  an  acceleration  of  0.T5  ft.  per  sec.  per  sec.  (a) 
What  is  the  velocity  of  the  train  at  the  end  of  8  sec.  ? 

From  equation  (35),  F,  =  [/  +  aT,  where  U  =  23 
ft.  per  sec,  a  =  0.75  ft.  per  sec.  and  T  =  S  sec;  hence. 

\\  =  22  +  0.?5  X  8  =  28  ft.  per  sec. 
ib).    How  far  did  the  train  move  while  the  gain  in  speed 
took  place?     From  equation   (34),  S  =   UT  +  1/2  aT- 
where  U  =  22  ft.  per  sec,  T  =  8  sec.  and  a  =  0.75  ft. 
per  sec. ;  hence, 

'S'  =  22  X  8  +  1/0  X  0.75  X  8=  =  200  ft. 

The  average  velocity  during  the  time  the  body  is  in  mo- 
tion is — -    and  the  space  passed  over  in  T  sec  is 

K>,  whose  value  is 


r  + 


X  T 


(36) 


From  equation  (35),   T  =   T— !— V     Substitute  this 

value  of  T  in  equation  (36)  and  there  ^-esults, 


'Za 


T\=  —  U"  =  2aS  (37) 

Equation  (37)  may  be  used  to  check  the  results  of  tlie 
above  problem,  thus  the  final  velocity  V^  of  the  train  was 
found  to  be  28  ft.  per  sec.  and  the  initial  velocity  was  22 
ft.  per  sec.  and  the  acceleration  0.75  ft.  per  sec.  Sub- 
stitute these  values  in  equation   (37)   and  there  results, 

28'  —  22'  =  2   X   0.75   X  S 


S  = 


28  —  22       784  —  484       300 


2X0.75  1.5  1. 

//  the  velocity  of  a  body  is  being  decreased  there  will 
take  place  a  deceleration  or  retardation  in  place  nf  an  ac- 
celeration and  the  value  of  a  will  become  negative  in- 
stead of  positive.  The  formulas  for  retarded  motion  will 
be  as  follows : 

,S'  =   UT  —  1/0  aT-  (38) 

T\  =  r  —  aT  (39) 

V,-  =  f"  -  2aS  (40) 

STinv  Qt'usTioxs 

76.  A  subway  train  starting  from  rest  attains  a  speed 
of  30  miles  per  hour  (44  ft.  per  sec.)  in  a  distance  of  800 
ft.  What  is  the  acceleration  in  feet  per  second  per  second  ? 

77.  The  velocity  of  a  moving  body  changes  from  66 
to  22  ft.  per  sec.  while  the  body  moves  through  a  dis- 
tance of  1000  ft.,  what  is  the  retardation? 

78.  Express  an  acceleration  of  2  ft.  per  sec  per  sec 
in  miles  jicr  hiur  ]ier  second:  in  miles  per  hour  pei- 
hour. 

7!).  A  train  is  traveling  at  (iO  miles  jier  hour  (88  ft. 
]ier  sec).-  The  engineer  applies  the  brakes  and  at  the 
end  of  20  rec  the  s[)eed  is  reduced  to  15  miles  per  hour 
(22  ft.  per  sec).     Find  the  deceleration. 

80.  ITow  far  did  the  train  travel  during  the  applica- 
tion of  the  brakes? 

'^. 

Kffleipncy  KxprrtN  Tnkp  Motlor — From  figures  quoted  In  the 
"Electrlcil  WorliV  It  iipprais  thiit  London's  electrical  supply 
Is  furnished  by  no  less  th.in  f.B  separate  Installations,  both 
private  and  municipal.  These  comprise  31  different  systems  of 
generation,  21  dlstrllnitlng  voltaKea.  eierht  different  frequen- 
cies, and,  to  make  the  situation  more  confusing,  there  are  50 
methods   of  chartilne    for    the    output. 
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JUST   J  E  S  T  S,  J  A  B  S,  J  O  S  n  E  S  A  N  D    J  U  M  R  I.  E  8 


THE    EXGIXEER 

(As  seen  by  the  office  boy) 

By  R.   T.   STROHM 

The  engineer?     Oh.   he's  the  sink 
They  cuss  when  lights  go  on  the  blink. 
You'd  think  that  any  fool  would  know 
Enough    to   make   an    engine    go. 
Sometimes   I'm    sure    it   balks   and    stalls 
Because  it  hates  his  overalls — 
Tou   know,   the  blue  kind   worn  by   rubes 
And  harvest  hands  and  other  boobs. 

The  engineer?  Oht  he's  the  dub 
That  every  morning  has  to  scrub 
The  tarnish  off  the  copper  signs 
And  polish  each  until  it  shines. 
And  maybe  once  or  twice  a  weeic 
They  call  him  in  to  fix  a  leak. 
But  say!  I'd  know  what  loafing  is 
If  I'd  a  lead-pipe  cinch   like  his! 

The   engineer?     Oh,   he's   the   bo 
That  Iceeps  the  sidewalk  clear  ot  snow. 
And   Axes  locks,   and   glazes  doors. 
And  varnishes  the  office  floors. 
His  work's  not  half   as  hard   to  do 
As  that  which  falls  to  me  or  you; 
Tet  yesterday  he  had  the  cheek 
To  ask  for  sixteen  bones  a  week. 

The  engineer?     Oh,   he's  thi-  chap, 
With  grease  and  coal-dust   on   his  map. 
Who   spends  his   time   in   cutting    rings 
To  put  in  pipes  and  pumps  and  things. 
Sometimes  he  carts  a  load  of  coal 
And  heaves  it   through  the  Are-hole; 
But    say!      if   I'd    a    snap   like    that. 
The   rest  I'd   get  would   make   me   fati 


You'd  never  believe  that  tempus  fugits  if  you  could  have 
glimpsed  the  Stevens  Institute  100  per  cent,  bunch  the  other 
night.  No  Geyer  crowd  of  Coster  mongers  ever  get  together 
than  old  '77  at  its  annual  fiesta.  Pearce  and  Roberts  made 
home  runs  by  proxy.  And  on  the  brink  stood  Brincker- 
hoff:  John  Rapelje  is  the  only  boy  whose  headpiece  needs 
no  mortarboard  to  save  his  scalp  from  sunburn,  and  it  takes 
Idell  to  bring  up  the  Van.  As  usual.  Nash  metered  out  the 
water  at  the  Engineers  Club,  and  Uehling  got  a  CO^  record  of 
the   cider.      Whurroo!   Vive!   and   Gesundheit   ad   libitum! 

the 


rize    ir 
Clifford    Danner 
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Charles  O.  Sandstrom,  Kansas  City,  Mo.. 
the  Why-I-Work-in-a-Power-Plant  contest. 
Lacombe,    Alta.,    Canada,    has    honorable    me 

Mr.    Sandstrom's   answer    is   as   follows: 
Editor  of  the    Spillway: 

"Why  do  I  work  in  a  Power  Plant?"  Well.  I  might  say. 
"Because    I    love    Horticulture."    but   I    won't.      It    is    because — 

I  love  the  beteunits,  that  scamper  through  the  main;  and 
the  amperevolts  so  frisky,  though  they  sometimes  give  me 
pain:  but  I  do  detest  a  high  C.  oh!  no  matter  how  'tis  had; 
while  I  can  stand  just  one  low  C.  oh!  two  is  very  bad.  I 
love  the  lushuscurrents,  from  the  dinamosogrand;  and  the 
cleverlittlentropy  does  surely  beat  the  band:  but  I  do  dislike 
a  blounoutube,  no  m.atter  how  'tis  got;  and  a  pesky,  leekee- 
blowoff    would    make    me    kill    a    watt. 

And   here  is   Mr.   Banner's   reply: 

Editor  of  the  Spillway:  I  work  in  a  power  plant  be- 
cause the  work  appeals  to  me.  It  affords  an  outlet  for  my 
natural  abilities,  and  thus  makes  life  better.  It  is  an  honest 
and  upright  work,  and  while  affording  me  congenial  work.  I 
am  enabled  to  do  others  a  good  service.  And  it  is  the  means 
whereby   I   can   make   a   good    living. 

The  replies  came  from  Canada  and  Texas,  from  California 
and  along  the  coast — from  every  state.  We  are  proud  of 
these  letters,  their  humor,  their  optimism  and,  above  all,  their 
evident  pride  and  high  respect  for  the  vocation  of  the  operat- 
ing engineer.  Now  and  again,  we  have  t  "  " 
serious  thought  in  this  column — and  this  tir 
the   mark.      It's  fine! 


inject 
we  surely   hit 


Ho  Ao  So  E-o  Malwsi^Il^©®  FrogifSiSTm 

From  all  indications,  the  thirty-second  annual  convention 
of  the  National  Association  of  Stationary  Engineers,  to  b.' 
held  in  Milwaukee,  Sept.  7  to  12,  will  be  a  decided  success. 
Headquarters  will  be  at  the  Hotel  Wisconsin.  The  conven- 
tion will  be  held  in  the  Auditorium,  with  its  seven  halls  and 
iinsurpassed  facilities  for  large  gatherings.  The  business 
sessions  and  the  exhibit  will  therefore  be  under  one  roof, 
and   the  location   is  central  to   the  business  and   hotel   district. 

Jlilwaukee  is  an  ideal  convention  city.  Its  parlss  and 
summer  resorts  are  numerous  and  its  varied  manufacture 
of  power-plant  equipment  and  supplies  should  prove  of  no 
little  interest.  The  following  program  is  an  outline  of  what 
the  local  committee  has  prepared  for  the  great  annual   event: 

MONDAY,    SEPT.    7 

9  a.m.  to  9  p.m. — Reception  of  delegates  and  visitors  at 
the  trains;  escorted  to  the  hotel  by  the  band.  Registration  of 
delegates  and  visitors  and  distribution  of  badges  at  Audi- 
torium. 

S  p.m. — Official  opening  of  exhibits  in  the  exposition  hall. 
John  .\.  Wickert,  chairman  of  the  local  convention  committee, 
piesiding.  An  address  by  Homer  Whelpley,  president  of  the 
National  Exhibitors  Association.  Response  by  the  national 
vice-president,  Fioderic  L.  Ray.  Official  opening  by  James  R. 
Coe.    national    pre.s^ident. 

TUESD.\Y,    SEPT.    8 

10  a.m. — Opening  exercises  at  tlie  convention  hall,  John  A. 
Wickert,  chairman  of  the  local  co.ivention  committee,  pre- 
siding. 

Invocation,    I{ev.    W.    T.    Dorward. 

.Address.  A\'i-l(ome  to  Wisconsin,  by  Hon.  F.  F.  JU-.Govern, 
governor. 

Response   by  National  President  James   R.   Coe. 

Address,  Welcome  to  Milwaukee,  by  Hon.  Gerhaiel  Had- 
ing,   mayor. 

Response   by   National   Vice-President    Frederic    I..   Ray. 

Address  by  J.  !'.  Ketnan,  secretary  of  the  (Mtizens  Busi- 
ness  League. 

Response    by    Past-President    John    F.    :\IcGrath. 

Opening  of  the  convention  by  National  I'resident  James 
K.    Coe. 

Appointment    of    convention    committee. 

Official  photograiih  immediately  after  adjouriimi'nt.  Re- 
cess. 

2  p.m. — Session  of  the  convention  in  Juneau  Hall,  Audi- 
torium, where  all  sessions  of  the  convention  will  be  held. 
The  usual  order  of  business  will  be  followed,  including  re- 
ports from  the  various  officers  and  committees  and  a  meet- 
ing  of   the   life   and   accident   department. 

LADIES'    .AUXILIARY 

The  opening  exercises  of  the  Ladies'  National  .\uxiliary 
Convention  will  be  held  in  the  ball  room,  second  floor  of  the 
Hotel  Wisconsin;  Mrs.  Rose  J.  Tellier,  chairlady  of  the  Ladies' 
.Auxiliary    Committee,    presiding. 

Invocation    by    Rev.    W.    T.    Dorward. 

Address,  Welcome  to  Milwaukee,  by  Hon.  Gerhard  Had- 
ing,   mayor. 

Response    by    Ollie    L.    Heckler,    past    president. 

Opening  of  the  Ladies  National  Auxiliary  convention  by 
the    national    president,    Mrs.    Sophie    Whelan. 

Appointment  cf  convention  committees.  Tea  anrl  musical 
in    reception    room    of    Hotel    Wisconsin. 

3:30  p.m. — A  trip  to  one  of  Milwaukee's  famous  insti- 
tutions. 

8:30  p.m. — Prize  card  party  for  the  ladies  in  Kilbourn 
Hall,    Auditorium. 

10  p.m. — Smoker  under  the  auspices  of  the  exhibitors  in 
Juneau    Hall,    Auditorium. 

WEDNESDAY,    SEPT.    9 

9   a.m. — Session   of   convention. 

9:30  a.m. — Session  of  ladies  auxiliary  convention  in  tlie 
ball  room  of  the  Hotel  Wisconsin  where  all  the  sessions  will 
be   held. 

12  noon — .Street  cars  to  the  engine  builders:  luncheon  at 
the    Allis-Chalmers    Co.'s    works    at    noon. 

8  p.m. — Band   concert   in   the  exhibition   liall.   Auditorium. 

THURSD.AY,    SEPT.    10 

9  a.m. — Session  of  the  convention. 

9:30    a.m. — Session    of   Ladies   Auxiliary. 

11:30  a.m. — .Annual  memorial  service  will  be  held  (quar- 
tettes). 

2  p.m. — .Athletic  events  including  annual  baseball  game 
between    the    engineers   and    the    exhibitors. 


Jiilv  14.  ISiU 
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Session    of    the   Ladies    Auxiliary. 
'  at  the  exposition   liall:  souvenir 


9:3n   a 

Ladies 
day  only. 

S;30    p.m. — Vaudeville    sho 
Hall,    Auditorium. 


n   on   this 
xhibitors    in    Plankinton 


FRIDAY,    SEPT.    11 

9  a.m. — Session  of  the  convention.  Reports  of  the  conven- 
tion committees;  discussion  and  action  on  same:  unfinislied 
business;  selection  of  iai5  convention  city;  election  of  of- 
ficers. 


9:30    a.m. — Session    of    Ladies    Auxiliary. 

8:30  p.m. — Installation  of  offlcers  and  presentations.  Grand 
ball  and  cotillion  conducted  by  H.  T.  McConnell,  at  Engle- 
man's    Hall,    Auditorium. 

SATURDAY.    SEPT.    12 

Delegates  and  visitors  will  be  escorted  to  places  of  in 
terest. 

On  Sept.  6  and  7  the  WiBconsin  State  convention  -wiW  be 
held,  the  opening  exercises  taking  place  on  Sunday  and  on 
Jlonday   the    business   sessions. 


^swy 


.imeiiinies  iim 


O' 


At  the  annual  convention  of  the  National  Gas  Engine  As- 
sociation in  Chicago  on  June  25.  H.  F.  Shepherd,  engineer  of 
the  Bessemer  Gas  Engine  Co.,  read  a  paper  on  the  small  oil 
engine.      His    remarks    in    abstract    appear    in    the    following; 

It  is  reasonable  to  expect  that  the  history  of  the  small 
oil  engine  will  parallel  that  of  the  small  steam  and  gas 
engine.  The  late  Dr.  Diesel  taught  how  to  build  the  most 
efficient  prime  mover  from  thermal  considerations,  and  his 
■work  for  the  building  of  large  engines  has  met  world-wide 
appreciation.  The  mechanism  of  these  engines,  although  it 
may  be  sturdy  as  built  for  heavy  units,  becomes  delicate  when 
an  attempt  is  made  to  design  small  sizes,  and  it  will  be  under- 
stood that,  notwithstanding  the  good  returns  from  recent  land 
and  marine  installations,  the  type  does  not  accord  with  the 
adverse  conditions  of  intermittent  and  unskilled  care  and 
improvised    erection    under    which    small    units    must    operate. 

Careful  study  of  tendencies  both  here  and  abroad  seems  to 
indicate  that  the  future  small  oil  engine,  up  to  100  hp.,  will 
be  of  the  hot-bulb  t.vpe,  and  judging  from  the  many  designs 
emanating  from  old  and  established  forms,  the  two-stroke- 
cycle  hot-bulb  engine  is  receiving  special  favor.  Although 
this  motor  is  distinctly  an  American  product  and  no  longer 
novel  here.  Denmark  and  Sweden  have  done  some  wonderful 
work  along  these  lines  in  the  past  three  years.  In  Denmark, 
especially,  where  engine  builders  have  entered  their  products 
for  test  at  various  trials  during  this  period,  the  two-stroke- 
cycle  models  have  been  steadily  gaining  points  and  the  num- 
ber of  entries  of  four-stroke-cycle  hot-bulb  engines  has 
diminished. 

Building  oil  engines  has  been  of  necessity  an  extensive 
business  in  England  for  many  years,  most  of  the  models  pro- 
duced having  been  of  the  four-stroke-cycle,  low-compression 
type,  using  internal  or  external  vaporizers.  The  attitude  of 
the  English  technical  press  toward  the  newcomer  during  1912 
displayed  doubt  in  spite  of  growing  production,  and  builders 
were  censured  for  so  called  extravagant  claims,  but  interest 
was  shown  and  many  new  designs  were  described.  Not  until 
1913  did  this  engine  really  come  into  its  own  in  that  country 
as  a  prime  mover  of  real  technical  interest,  for  in  that  year 
competitive  trials  on  the  Continent  were  published  widely 
and  many  engineers  representing  the  owners  of  these  engines 
came  forward  to  champion  the  cause.  Most  interesting  was 
the  editorial  in  "Internal  Combustion  Engineering"  (London) 
at  the  close  of  the  year,   reading  in  part  as  follows: 

It  can  be  asserted  without  fear  of  contradiction  that  the 
greatest  feature  of  internal-combustion  engineering  during 
1913  was  the  wide  extension  of  patroiuige  accorded  to  the 
hot-bulb  engine.  Not  onl.v  have  many  hew  manufacturers 
been  convinced  of  the  merits  and  advantages  of  this  type  of 
motor,  but  there  has  been  a  world-wide  demand  fur  it.  The 
reason.f  for  this  great  and  growing  popularity  are  not  dilfl- 
cult  to  .see  Primarily,  this  type  scores  b,v  its  economy,  but 
of  far  greater  l)enefit  is  its  reliability  with  many  different 
sorts  of  fuils.  .Although  it  is  now  being  manufactured  with 
an  output  extending  to  nearly  lOU  hp.  per  cylinder,  its  greatest 
application  is  found  in  moderate  powers  where  it  is  rapidly 
replacing  the  older  form  of  paraffin  engine,  which  at  one 
time  held  the  market  to  itself.  It  is  Inevitable  that  not  every 
example  of  the  type  should  attain  the  high  level  of  excel- 
lence which  has  been  set  by  leading  productions  and  regret 
must  be  expressed  that  certain  manufacturers  have  obtained 
neither  reliable   njr   economical    results. 

It  would  seem  that  the  features  of  the  two-stroke-cycle 
construction  upon  which  critics  have  spoken  tend  to  im- 
prove the  combustion  of  the  injection  type  of  hot-bulb  en- 
gine. It  Is  often  stated  that,  due  to  the  alleged  low  volu- 
metric efficiency  of  the  charging  arrangements  of  engines  not 
employing  scavenging  pumps  of  greater  displacement  than 
the  cylinders.  Imperfect  combustion  will  result  due  to  imper- 
fect scavenging.  In  the  light  of  present-day  knowledge,  it 
is  known  that,  within  certain  limits,  thi'  presence  of  neutral 
gases  results  only  In  the  necessity  of  designing  for  some- 
what lower  mean  effective  pressure,  and  while  a  reduction  of 
mean  effective  pressure  would  have  some  disadvantage  for  four- 
atroke-cycle  construction.  It  does  not  put  the  two-atroke-cycle 
motor  out  of  the  running  for  the  reason  that  eveiy  revolution 


gives  a  power  stroke  per  cylinder  and  the  motor  can  still  be 
kept  well  within  the  usual  weight  limits.  The  mean  effective 
pressure  upon  which  these  engines  are  usually  rated  is  not 
the  maximum  possible,  but  that  at  which  the  greatest  econ- 
omy of  fuel  is  attained.  A  well  clesigned  engine  like  the 
Diesel  will  carry  overloads  up  to  50  per  cent.,  although  the 
combustion,  due  to  the  small  excess  of  air  present,  will  not  be 
all  that  would  be  desired. 

The  admixture  of  the  fresh  charge  with  the  high-tem- 
perature neutrals  left  behind,  together  with  the  heat  ab- 
sorbed during  the  scavenging  rirocess,  will  result  in  an  initial 
temperature  before  compression  considerably  higher  than  the 
atmospheric  temperature.  In  view  of  this,  data  can  be  offered 
which  would  go  to  prove  the  temperature,  before  the  ex- 
plosion at  full  load,  to  be  never  less  th.an  S50  deg.  F.,  with  but 
ISO  lb.  compression  resulting  in  a  high  final  temperature,  ap- 
proximating Diesel  temperatures  after  combustion  and  a 
consequent  good  consumption  of  residues.  To  reduce  the 
necessary  compression  it  has  been  pi-oposed  repeatedly  to  pre- 
heat the  air  charge  of  the  four-stroke-eycle  Diesel  engine. 
Naturally,  the  proposal  has  not  found  favor  because  of  the  in- 
creased  cylinder  size   necessitated. 

The  practice  of  feeding  water  with  the  air  charge  has 
been  criticized  as  resulting  in  a  large  thermal  loss  due  to  the 
latent  heat  of  the  water  lost  in  the  exhaust.  Still,  it  is 
known  that,  because  of  some  chemical  or  physical  action,  as 
yet  under  debate,  the  water  feed  results  in  better  combustion. 
There  is  ample  proof  that,  with  a  proper  rate  of  feed,  the 
water  is  completely  vaporized  by  contact  with  the  piston, 
cylinder  walls  and  exhaust  gases  before  the  beginning  of  the 
compression  stroke,  and  is  carried  as  superheated  steam 
through  the  cycle.  What  effect  is  exercised  over  temperatures 
occurs  through  a  change  in  the  initial  teniperatui'e  befoi-e 
compression  only.  The  latent  heat  lost  is  that  which  would  be 
lost  to  the  jackets  and  exhaust  normally,  the  actual  jacket 
loss,  when  internal  water  injection  is  employed,  falling  as 
low  as  3V4  per  cent,  and  seldom  exceeding  10  per  cent,  in 
comparison  with  the  usual  jacket  loss  of  other  types,  which 
varies  from  20  to  30  per  cent.  Mechanically,  the  extraction 
of  the  heat  directly  from  the  piston  itself  and  from  the  in- 
terior of  the  cylinder  walls  has  greater  advantages  in  the  way 
of  permitting  good  lubrication  and  of  reducing  expansion 
stresses  in  the  castings, 

.■\s  to  the  fuel  range  of  these  engines,  it  might  be  said  that 
short  of  California  and  Mexican  crudes  or  residuals  testing 
high  in  coke,  it  embraces  practically  all  petroleum  fuels 
offered  for  engine  use  that  are  heavier  than  the  naphthas, 
such  as  many  crudes,  residuals  and  fuel  oils,  all  gas  oils, 
distillates  and  kerosenes.  Further,  it  is  found  that  the  base 
of  the  fuel  is  not  of  the  least  importance,  there  being  no 
tendency  to  form  carbon  as  long  as  the  coke  lesidue  is  within 
the  4  per  cent,  limit  usually  prescribed  for  Diesel-engine  fuels. 
If  the  engine  !s  given  the  necessary  attention,  fuels  showing 
coke   up  to   9   per  cent,  may  be  used   with  good    results. 

The  full  load  fuel  economy  v.'lll  vary  with  the  size,  run- 
ning from  0.6  lb.  per  brake-horsepower-hour  for  large  engines, 
to  0,85  lb.  for  the  smaller  sizes.  The  economy  varies  but 
little  for  a  wide  range  of  fuels  and  is  approximately  the 
same  from  three-fourths  to  full  load,  and  less  than  15  per  cent. 
more   fuel   per  unit    is   required   at   half   load. 

For  driving  generators  the  speed  posslbllltie.s  of  the  Iwu- 
stroke  cycle,  high-compression  type  of  engine  are  favorable. 
Because  there  Is  compression  at  every  revolution  to  cushion 
the  parts  over  the  in-center,  any  lost  motion  In  the  bearings 
Is  harmless  as  the  reciprocating  parts  never  leave  their  jour- 
nals, there  beinff  no  reversal  of  pressure  and  no  stress  on  the 
connecting-rod  bolts. 

Considerable  criticism  has  beon  directed  agaln.iit  the  two- 
stroke-cycle  engine  as  crank-case  compression  has  caused 
various  ills,  but  by  the  use  of  a  crossbend  and  a  closed  cylin- 
der end.  such  troubles  arc  avoided  and  the  life  of  the  engine 
Increased, 
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T©  Figlhtl  M^imacapal  UtlSMs^ 


A  coalition  of  the  cities  of  the  country,  big  and  little,  has 
been  formed  to  fight  the  combination  of  municipal  utility  cor- 
porations, big  and  little,  that  has  for  a  generation  operated  to 
thwart  municipal   progress   and   growth. 

Leading  the  movement  are  the  mayors  of  Philadelphia, 
Chicago  and  New  York.  The  mayors  of  these  three  largest 
American  cities  are  interested  in  seeing  that  rates  and  service 
for  public  utilities  shall  hereafter  be  based  on  the  actual 
value  used  and  useful  for  such  purposes,  and  not  on  the  power 
of  a  monopoly  to  extort  what  rates  it  will:  and  not  on  a  capi- 
talization that  represents  merely  the  selling  power  of  utility 
promoters.  The  organization  has  already  been  started  and  a 
conference  called  to  Tiiscnss  the  vital  factors  in  th^se  ijroblems. 


The  Hamblen  County  Creamery  Co.,  Morristown,  Tenn., 
will  erect  a  plant.  Power  equipment  and  refrigerating  ma- 
chinery will   be   needed.      W.  H.   Mullins  is  Pres. 

The  Butler  Creamery  Co.,  Butler,  Ky.,  is  in  the  market  for 
refrigerating  equipment. 

The  S.  F.  McCormick  Lumber  Co.,  Lexington,  Ky.,  will  soon 
be  in  the  market  for  motors  for  a  new  planing  mill  which  it 
will   erect. 

CEIVTRAL    STATES 

Bonds  for  $120,000  have  been  voted  tor  the  construction  of 
a   municipal  electric-light   plant   at   Norwalk,    Ohio. 

The  Springfield  Street  Ry.  Co..  Springfield.  Ohio,  will  erect 
a   new  power  plant.      Power-plant  equipment  will  be   required. 

Bids  will  be  received  until  July  14  by  the  City  Clerk,  Tell 
City,  Ind.,  for  furnishing  ne'w  power  plant-equipment  for  the 
water-works.  Robert  M.  Cass.  318  American  Life  Bldg.,  In- 
dianapolis,  is   Consult.    Engr. 

WEST  OF  THE  MISSISSIPPI 


FEI^SOMAILS 


J.  C.  stout  has  recently  succeeded  J.  M.  Chapman  as  man- 
ager of  the  Cleveland,  Ohio,  office  of  the  Crandall  Packing  Co. 

Dudley  A.  Johnson  has  succeeded  the  late  Sam  Mayer  as 
Chicago  branch  manager  of  the  Joseph  Dixon  Crucible  Co. 
He  was  formerly   Mr.   Mayer's   assistant   in   that  office. 

Edward  Holden,  for  a  number  of  years  connected  with  the 
heating  and  ventilating  firm  of  Evans,  Almirall  &  Co.,  New 
York  City,  has  resigned   his  position. 

Harry  F.  Bower,  vacuum-heating  expert  with  Warren 
Webster  &  Co.,  Camden,  N.  J.,  for  twenty-three  years,  has  re- 
signed his  position  as  manager  of  that  company's  Boston 
office. 

G.  A.  Reichard.  of  the  Los  Angeles  office  of  the  Interna- 
tional Steam  Pump  Co.  will  sail  from  San  Francisco.  July  11, 
on  the  Pacific  Mail  Steamship  "Manchuria"  on  a  four  months' 
business  trip  to  Japan,  China  and  the  Philippines. 

Harry  J.  Marks,  manager  of  the  New  York  office  of  the 
American  Engine  &  Electric  Co.,  has  been  advanced  to  the 
position  of  sales  manager  of  the  company.  He  will  divide  his 
time  between  the  New  Y'ork  office.  90  West  St.,  and  the  main 
office  of  the  company,  at  Bound   Brook,   N.  J. 

John  H.  Adams  has  been  appointed  engineer  in  the  power 
department  of  the  West  Penn  Traction  Co.,  Pittsburgh.  Penn. 
He  began  work  at  16  in  the  motor-winding  department  of  the 
Augusta  (Ga.)  Ry.,  and  worked  through  the  car  shops,  power 
stations,  overhead-line  department,  maintenance-of-way  de- 
partment, etc.  He  was  made  chief  engineer  and  assistant  to 
the  general  manager  at  the  time  the  late  Edward  H.  Harriman 
purchased  the  property  at  Augusta  in  190S  and  continued  in 
this  capacity  until  J.  G.  White  &  Co.,  New  York,  took  over  the 
operation,  when  he  was  made  engineer  of  maintenance-of-way 
and  superintendent  of  motive  power.  Mr.  Adams  resigned 
from  this  last  position  to  becotne  connected  with  the  West 
Penn  Traction  Co. 


HARRY  F.  FEY 
On  June  2  Harry  J.  Fey  was  taken  suddenly  ill.  and  died 
in  the  Johns  Hopkins  Hospital,  at  Baltimore.  Md.,  on  June  6. 
For  the  past  three  years  Mr.  Fey  was  in  the  employ  of  the 
Dearborn  Chemical  Co.  He  had  a  wide  circle  of  friends  and 
business  acquE^Rtances  who  will  sincerely  regret  his  sudden 
death. 


HEW  EQUJSFMEHT 


ATLANTIC  COAST  STATES 

The  Bates  Mfg.  Co.,  Lewiston,  Maine,  is  building  a  new 
boiler  house,  59x165  ft.     New  equipment  will  be  needed. 

A  power  plant,  according  to  press  reports,  will  be  built  on 
Deer  Island,  Boston.  Mass.,  to  furnish  power  to  operate  the 
plants  on  the  island. 

SOITHERN    ST.VTES 


.-Vt  a  recent  election,  Po'whattan,  Kan.,  a  bond  issue  of 
$10,000  for  the  construction  of  a  municipal  electric-light  plant 
w.as   voted. 

Bids  "Will  be  received  by  the  city  of  Alexandria,  S.  D.,  about 
.\ug.  1.  for  the  construction  of  a  municipal  electric-light  plant. 
H.  M.  Schumacher  is  city  auditor. 

Plans  are  being  prepared  by  the  De  Leon-Gorman  Light  & 
Power  Co.,  Gorman,  Tex.,  for  the  construction  of  a  power  plant 
at  Gorman. 


The  Sugar  Pine  Box  Co.,  Riddle.  Ore.,  plans  to  install  an 
electric-light  plant.  Equipment  will  be  needed.  W.  W. 
Vaughn.    Riddle,    is    the    Engr.-in-Charge. 

F.  D.  Small  and  D.  C.  Urie,  Tillamook,  Ore.,  have  been 
granted  a  franchise  to  construct  and  operate  an  electric-light 
plant  at  Tillamook.     The  estimated  cost  is  $30,000. 

The  substation  of  the  Pacific  Gas  &  Electric  Co.,  Oroville. 
Calif.,  was  completely  destroyed  by  fire  June  19.     Loss.  $10  000. 

The  Central  California  Gas  Co.  will  construct  a  purifier, 
boiler  and  compressor  at  Visalia,  Calif.,  and  will  also  make 
additions  and  other  improvements  to  its  plant. 


CANADA 

The  city  of  Montreal.  Que.,  will  construct  a 
trie-light   plant   costing   $172,667. 


lunicipal  elec- 


BUSIMESS    ITEMS 


The  Mesta  Machine  Co.,  Pittsburgh.  Penn..  has  issued  a 
new  bulletin  on  Air  Compressors  and  Vacuum  Pumps — Bulle- 
tin N.  It  goes  into  complete  details,  contains  a  number  of 
illustrations  and  should  be  of  interest  to  every  engineer. 
Copies   are    sent   on    request. 

The  Busch-Sulzer  Bros.-Diesel  Engine  Co.,  St.  Louis,  Mo., 
has  just  closed  a  contract  with  the  Lake  Torpedo  Boat  Co. 
for  six  600-b.hp.  reversible  two-cycle  marine  Diesel  engines, 
whic  hare  to  be  installed  on  three  twin-screw  submarine  tor- 
pedo   boats    now    building    for    the    U.    S.    Government. 

The  Norrtberg  Mfg.  Co..  Milwaukee,  Wis.,  is  now  building 
Diesel  engines,  particularly  of  the  largest  sizes,  having  re- 
cently entered  into  an  exclusive  manufacturing  arrangement 
with'Usines  Carels  Freres,  of  Belgium,  builders  of  the  cele- 
brated  Carels   engines. 

An  interesting  book  Just  published  by  the  Smooth-On 
Manufacturing  Co..  Jersey  City,  N.  J.,  is  the  new  Smooth-On 
Instruction  Book  No.  7,  devoted  exclusively  to  the  use  of 
Smooth-On  Iron  Cement  No.  7  for  hardening,  waterproofing, 
and  oil  proofing  concrete.  Copies  will  be  mailed  free  on  re- 
quest. 


A.  D.  Granger  Co.,  90  West  St.,  New  York.  Bulletin  No.  2. 
"Oswego"  internally  fired  water-tube  boilers.  Illustrated,  12 
pp.,  SxlO  in. 

Joseph  T.  Rverson  &  Son.  Chicago.  111.  Technical  Library 
No.  4.  Internal  furnace  boilers  with  Morison  corrugated  fur- 
naces.     Illustrated,   84   pp.,   4%x7   in. 

The  Brown  Hoisting  Machinery  Co.,  Cleveland,  Ohio.  Cata- 
log S.  Brownhoist  suspended  concrete  bins.  Illustrated,  40 
pp..  6x9  in. 

American  Steam  Gauge  &  Valve  Mfg.  Co.,  20S  Camden  St.. 
Boston.  Mass.  Catalog.  "Thermofeed"  regulator  or  controller. 
Illustrated,    40   pp.,   5V4xS>/4   in. 

Chain  Belt  Co..  Milwaukee.  Wis.  Catalog  No.  54.  "Cha- 
belco"   steel   chain   belt.      Illustrated.   32   pp.,   7x10  in. 

Armstrong  Cork  &  Insulation  Co..  Pittsburgh.  Penn.  Cata- 
log. Nonpareil  cork  covering  for  ccld  pipes.  Illustrated.  64 
pp.,    6x9    in. 
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Let  us  have  a  heart  to  heart  talk  on  the 
central-station-isolated- plant    situation 


You  have  seen  a  circus  elephant,  crossing  a  small  bridge,  test 
it  at  ever>-  step  to  make  sure  that  it  would  sustain  his  weight. 
He  knows  he  must  be  "sure  of  his  ground,"  for  with  his  great 
weight  a  fall  is  serious.  Not  so  with  the  lizard.  Put  him  on  a 
table  and  he  will  walk  blindly  ofT  and  fall.  Having  less  need  of 
it  he  has  developed  no  sense  of  caution. 

This  central-station-isolated-plant  discussion  that  is  so  absorb- 
ing has  on  each  side  of  it  men  who  represent  the  elephant  and 
those  who  are  comparable  with  the  lizard,  however  good  the  in- 
tentions of  the  latter.  Those  with  a  reputation  to  sustain  are 
slow  about  passing  opinions.  The  others  either  have  no  reputa- 
tion or  anything  else  at  stake,  or  they  are  very  careless. 

Institutions  do  not  thrive  and  grow  in  a  community  when  there 
is  no  demand  for  them.  When  there  is  need  for  any  industry  it 
develops  until  that  need  is  fulfilled  and  ceases  to  develop  further 
unless  the  demand  is  forced  and  stimulated  by  artificial  means. 
It  is  when  these  latter  tactics  are  employed  that  there  is  a  clash 
of  interests  in  the  community.  Those  who  so  promote  a  project, 
find  themselves  opposed  by  those  whose  interest  they  have  jeop- 
ardized. But  both  sides  should  recognize  tliat  each  has  a  field 
which  it  alone  can  best  serve.  Each  is  useful  if  rightly  used. 
The  public  knows  this  and  laws  and  conunissions  are  provided 
to  direct  the  business  of  each  to  this  end. 

The  foregoing  expresses  the  central-station-isolated  plant  situ- 
ation. 

The  engineer  must  concede  that  the  central  station  as  well  as 
the  isolated  plant  ha,s  its  field  of  usefulness.  There  are  places 
where  central-station  service  is  warranted  and  advisable  beyond 
question.  There  are  others  where  central  service  has  no  possible 
advantage.  These  extremes  are  not  debatable,  but  there  are 
places  where  it  could  not  be  accurately  determined  without 
thorough  investigation,  which  kind  of  service  is  best.  One  can- 
not walk  into  such  a  plant  and  give  a  snap  decision  that  is  worth 
consideration.     Then  is  the  time  to  emulate  the  elephant. 

As  an  example  of  a  place  of  the  first  kind,  take  a  warehouse 
where  the  lighting  load  is  small  and  uniform,  but  the  elevator 


load  is  heavy  and  widely  fluctuating.  The  plant  must  be  large 
enough  to  carry  the  maximum  load  and  be  ready  to  carry  it  at 
all  times.  These  are  uneconomical  conditions  for  the  isolated 
plant,  and  central-station  service  should  prove  advantageous  if 
the  rate  is  fair.  Salt  works,  bleacheries,  thread  and  cotton 
mills,  dye  houses,  etc.,  are  examples  of  the  second  kind.  The  load 
is  fairly  constant  and  there  is  use  for  all  exhaust  steam;  mixed- 
pressure  turbines  may  be  installed  to  advantage.  Hotels  need 
exhaust  steam  for  heating  in  winter  and  for  absorption  refrigera- 
tion plants  in  summer. 

The  plants  of  the  middle  class  are  far  more  numerous  than 
the  others.  They  are  the  storm  centers.  They  must  be  operated 
skillfully;  the  engineer  must  realize  that  his  work  here  is  not  a 
mere  job.  It  is  a  many-angled  business  proposition.  In  selling 
power,  as  in  selling  anything  else,  advantage  must  be  taken  of 
every  legitimate  opportunity.  The  central  station  does  this 
through  trained  experts  in  its  various  departments.  These  con- 
stitute the  competing  business  forces  arrayed  against  the  engin- 
eer.    This  is  the  condition  he  must  meet. 

To  meet  it  successfully  he  nuist  know  what  is  good  practice, 
how  to  apply  it  to  his  particular  plant  and  to  tell  how  well  he  is 
applying  it.  All  this  requires  more  knowledge  and  more  work 
than  formerly.  The  engineer  cannot  better  matters  by  vehement 
protests  and  wild  assertions,  but  he  can,  by  attacking  the  problem 
rightly  -  by  being  "sure  of  his  ground,"  like  the  elephant.  When 
individually,  he  feels  the  need  of  a  consulting  engineer  he  should 
see  to  it  that  he  gets  a  good  one. 

The  sources  of  helpful  information  are  many.  There  are  the 
power-plant  papers,  cheap  but  good  bound  books,  engineers' 
organizations,  with  their  lectures  and  general  educational  work 
(altogether  too  much  neglected  by  the  rank  and  file),  public 
libraries,  schools,  many  of  them  free,  and,  lastly,  the  plants  of 
engineer  friends. 

It  is  told  that  King  Alexander,  when  a  student,  asked  his  in- 
structor if  there  was  no  short  cut  to  algebra.  The  good  instructor 
replied  that  there  was  no  royal  road  to  mathematics.  There 
isn't.  It's  hard  plugging.  And  so  it  is  with  good  power-plant 
engineering. 
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^rod^cer  Gas  for  Iimdl^stlricLxl  aimdl 
Powder  Purposes 


Bv  TiioJiA.s  WiLsox 


SYNOPSIS — This  is  a  producer  plant,  with  special  ron- 
t'-ol  features,  which  supplies  gas  under  suction  and  under 
■pressure  for  vowcr  and  industrial  purposes. 
ys 
Within  tJie  last  few  years  the  use  of  gas  for  heating 
purposes  in  many  industries  has  greatly  increased. 
Cleanliness  and  convenience  and  the  ease  with  which  it 
can  be  controlled  so  that  the  temperature  can  be  closely 
regulated  have  been  tlie  deciding  factors.  Natural  and 
citv  gas  have  been  used  to  good  advantage,  but  for  low- 
temperature  work  up  to  2000  deg.  ¥.  anthracite  producer 
gas  has  given  equal  satisfaction  at  a  much  lower  cost. 


'I'liere  are  70  type-casting  machines,  each  equipped  with 
individual  motors.  All  chases  are  electrically  welded,  for 
which  fully  75  hp.  is  required.  A  machine  shop  in  which 
the  factory  machines  are  made  and  repaired  takes  con- 
siderable power;  besides,  there  are  electrically  driven 
pumps  and  fans,  and  an  elevator  and  conveying  ma- 
chinery to  move  the  product  in  the  course  of  manufac- 
ture. When  the  plant  is  running  to  full  capacity,  with 
the  chase  department  in  operation,  the  load  will  average 
close  to  150  kw.,  and  when  chases  are  not  being  welded  it 
will  drop  off  one-third.  Consequently,  two  units  havi' 
been  installed,  one  a  125-hp.,   17i4xir,-in.,   four-stroke- 


FlG.    1.       GaS-ExGIXE    PlAXT   at    BaEXHART    BeOTHEHS    &  8PIXDLER 


The  cost  item  has  induced  manufacturers  to  install  gas 
producers  using  inferior  grades  of  anthracite  to  supply 
gas,  not  only  for  heating  purposes,  but  for  power. 

A  plant  involving  this  double  service  has  been  installed 
in  the  new  factory  of  Barnliart  Brothers  &  Spindler, 
Chicago,  makers  of  tyjie  and  printers'  supplies.  The 
new  building,  measuring  in  plan  200x236  ft.,  has  two 
stories  and  a  basement  and  over  100,000  sq.ft.  of  floor 
space.  The  gas  is  used  for  melting  the  metal  in  type- 
casting machines,  for  hardening  furnaces,  machine 
torcheo,  brazing  torches,  for  lead  and  slug  casting,  in 
annealers,  copper-  and  nickel-plating  baths,  etc.  About 
70  per  cent,  is  required  for  these  purposes  and  the  bal- 
ance bv  the  engine  units  generating  current  for  power 
and  lighting. 


cycle  tandem  gas  engine  directly  connected  to  a  75-kw. 
direct-current  generator,  and  the  other  a  twin  engine  of 
the  same  type  and  size  of  cylinders  driving  a  150-kw. 
generator;  the  speed  in  each  case  is  250  r.p.m.  The 
machines  are  operated  10  hr.  a  day,  and  it  is  the  plan 
to  use  them  alternately,  depending  on  the  welding 
jieriods.  The  plant  also  has  a  breakdown  service,  but  so 
far  it  has  been  called  on  only  for  night  lighting,  for  the 
fire  pumps  and  for  starting  the  blower  nm  in  connection 
with  the  two  producers  of  350  hp.  each. 

As  the  plant  has  been  running  only  a  short  time  no 
satisfactory  records  are  available,  but  it  may  be  said  that 
the  gas,  which  averages  about  145  and  has  reached  151 
B.t.u.  per  cubic  foot,  has  given  excellent  satisfaction 
both  for  heating  and  power  purposes.     About  95  lb.  ol 
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buckwheat  Xo.  1  in  the  producer  is  equivalent  to  1000 
cu.ft.  of  natural  gas  containing  800  B.t.u.  per  cubic  foot, 
and  75  lb.  is  equivalent  to  the  same  quantity  of  city 
gas  containing  550  to  GOO  B.t.u.  At  $5  per  ton,  which 
is  a  high  charge  for  such  coal  in  quantities,  the  fuel  cost 
AFOuld  be  24  and  li)  cents,  respectively.  To  tliis  must  be 
added  the  labor  item  and  the  interest  and  depreciation 
on  the  producer  installation;  even  tlien  the  total  cost 
does  not  exceed  much  more  than  one-third  the  usual 
charge  for  city  gas.  In  a  preliminary  estimate,  the 
equivalent  of  1000  cu.ft.  of  city  gas  was  figured  to  cost 
31.3c.,  including  a  charge  for  water  and  interest  and  de- 
preciation amounting  to  16  per  cent.  For  the  engines 
the  guarantee  was  1%  lb.  of  buckwheat  No.  1  per  l)rake 
horsepower-hour  at  full  load,  which  at  $5  per  ton  gives 
a  fuel  charge  of  0.28c.  This  amount  will  generate  about 
79  cu.ft.  of  producer  gas,  and  with  a  heat  content  of  145 
B.t.u.  will  supply  11,455  B.t.u.  per  boiler  horsepower- 
hour 

The  Prodlcer  Plant 

In  this  department  each  of  the  two  Flinn  c^-  Dreffein 
unit?  is  rated  at  350  hp.  and  consists  of  a  producer  and 


liopper,  a  counterweighted  bell  at  the  l)ottoni  of  the  hop- 
per preventing  the  admission  of  air  while  the  coal  is  be- 
ing fed.  The  sliding  plate  at  the  top  is  closed  while  the 
bell  is  lowered,  so  that  the  coal  may  run  down  over  it 
and  be  evenly  distributed  over  the  fuel  bed.  The  hopper 
rests  on  a  water-cooled  top  having  poke  holes  for  attend- 
ing to  the  fuel  bed. 

A  feature  of  the  producer  is  the  annular  tuyere  of 
dog-house  cross-section,  which  uniformly  distributes  the 
air  and  steam  to  the  fuel  bed.  This  construction  facili- 
tates the  ash  removal,  as  the  ashes  can  drop  around  or 
within  the  annulus  and  easily  reach  the  concrete  pan  at 
the  bottom. 

An  important  part  of  the  plant  is  the  economizer, 
which  in  the  present  installation  is  9  ft.  high  and  42  in. 
diameter,  and  consists  of  two  concentric  steel  shells  form- 
ing two  chambers.  The  gas  from  the  generator  passes 
through  the  inner  one  and  gives  up  part  of  its  heat  to  the 
air  flowing  in  the  opposite  tlirection  through  the  outer 
chamber  to  the  fuel  bed.  Ordinarily  the  gas  leaves  the 
producer  at  1200  deg.  F.,  and  if  it  passed  directly  to  the 
scrubber  it  would  carry  about  12  per  cent,  of  the  heat 
in  the  coal.     Bv  raising  the  temperature  of  the  air  to 


Fig.  2.     Charoixg  Floor  or  Producer-s 

an  economizer;  a  scrubber  serves  the  two  generators. 
The  producers,  of  the  water-sealed  type,  have  a  heavy 
steel  shell  8  ft.  in  diameter  by  12  ft.  high,  firebrick  lined, 
and  rest  on  legs  in  a  concrete  pan.  The  fuel  is  sup- 
ported on  a  layer  of  ashes  on  the  bottom  of  the  pan. 
Between  the  bottoms  of  the  shell  and  the  pan  there  is  a 
clearance  of  12  in.,  and  as  the  pan  diameter  is  greater 
than  that  of  the  shell,  there  is  room  for  removing  the 
ashes,  which  are  placed  in  400-lb.  cans,  hoisted  to  the 
street  level  and  carted  away. 

Coal  from  a  lOO-ton  bunker  Ijelow  the  street  level  is 
delivered  by  gravity  through  a  chute  into  the  bucket  of 
a  one-ton  electric  monorail  hoist,  which  for  feeding  can 
be  moved  directly  over  the  hopper  of  each  producer.  .\t 
their  rated  load  the  two  require  750  11).  of  coal  per  lioiir, 
ollhough  they  are  now  running  at  only  two-tliinls  ca- 
pacify.  The  producers  are  not  charged  heavily,  but  are 
fed  uniformly  with  150-lb.  charges  at  35-min.  intervals. 
The  hoist  bucket  easily  holds  ten  charges,  and  is  usually 
filled   fo\ir  limes  each  day. 

The  coal  enters  the  producer   through  a   double-.seal 
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.'iOO  deg.  in  the  economizer  two-thirds  of  this  heat  is 
reclaimed. 

In  the  pipe  connection  between  the  top  of  the  outer 
chamber  and  the  tuyere  of  the  producer,  a  steam  blower 
is  inserted  to  saturate  the  air  and  equalize  tlie  pressure 
in  the  top  of  the  producer;  otherwise,  there  would  be  a 
slight  depression  caused  by  the  suction  of  the  engines 
and  of  the  blower  su])plying  the  shop  equipment.  Atmo- 
spheric pressure  is  thus  maintained  so  that  there  is  no 
tendency  for  air  to  lie  drawn  in  or  gas  to  be  blown  out 
through  the  poke-holes  when  attending  the  fuel  bed. 

Widi  the  air  at  this  high  tem])erature,  combustion  is 
facilitated  and  the  steam  is  carried  to  the  fuel  bed  with- 
out condensation  ;  it  is  also  claimed  that  a  richer  gas  is 
thereby  obtained.  The  steam  is  supplied  by  a  small  ver- 
tical fire-lu1)(>  boiler  rated  at  15  lip.  and  having  a  pressure 
of  50  to  SO  lb.,  deixuiding  on  the  load  the  producers  are 
carrving.  The  quantity  of  steam  is  controlled  by  a  gas- 
ometer ctmnected  by  block-and-tackle  to  a  weighted  lever 
attaclied  to  the  stem  of  the  balanced  steam  valve.  The 
gasometer  connects  witli   the  top  of   the  producer.     As 
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till'  load  incvcnsos,  tlio  gas  jH'ossnrc  tcmls  to  drop,  so  that 
the  gasometer  lowers  slightly,  and,  through  the  connect- 
ing links,  increases  the  opening  of  th.;  steam  valve.  A 
drop  in  load  ]irodiices  (he  reverse  results. 
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Fig.  4.     Plan  Yunv  of  Engine  and  Producer  lioo:\[S 

Fronr  the  oconoiuizer  to  the  wet  ecnibber  the  gas 
passes  through  a  three-way  water-sealed  valve  from  the 
top  of  which  the  purge  pipe  leads  to  the  roof.  Water 
sealing  the  valve  eliminates  any  possible  trouble  from  tar 
and  soot  sticking  to  a  drv  seat  and  makes  the  tightness 


nl  the  valve  more  certain.  The  scrul)bcr  serving  the  two 
units  is  6  ft.  G  in.  in  diameter  by  33  i't.  high,  and  con- 
tains a  coke  column  supj)orted  on  trays,  water  sprinklers 
above,  and  at  tlie  top  a  layer  of  excelsior  to  remove  the 
moisture. 

From  the  scrubber  the  gas  is  drawn  directly  to  the 
engines  by  the  suction  of  the  pistons.  As  for  industrial 
[mrposes,  it  is  necessary  to  supply  the  gas  at  a  definite 
and  nnil'orm  pressure;  there  is  an  exhauster  belt  driven 
l>y  a  la-hp.  motor.  Instead  of  using  a  gas  holder,  a  pipe 
connection  is  made  between  tlie  delivery  and  suction 
sides  of  the  exhauster,  in  this  line  is  a  back-pressure 
valve  weighted  for  the  desired  pressure;  when  this  ex- 
ceeds the  predetermined  value,  the  valve  opens  and  re- 
turns part  nl'  the  gas  to  tlie  suction  side  of  the  o.x- 
!ia lister.  Tlu'  latter  is  run  at  constant  speed  so  that  the 
iiiaNimum  out]nit  will  be  available.  To  the  valve  spindlel 
IS  attached  a  diajiliragm  sul)jeet  Id  thi'  pressure  in  thej 
gas  main,  and  opposing  this  are  weights  on  tlio  iipper 
side  of  the  diaphragm.  The  construition  is  such  that 
tlv   dia]ihragni    casing   may   be    rotated    at    will,    ]uilling 
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with  it  the  valve  ilisk  and  thus  kee]iing  it  free  from  sunt 
or  deposit  by  the  grinding  action  on  the  seat. 

For  the  engines,  the  gas  is  clean  enough  as  it  comes 
from  the  wet  scrubber,  but  for  small  burner  work  it  must 
also  be  passed  through  a  static  washer  operating  on  the 
impact  principle.  The  washer,  Fig.  6,  consists  of  a 
chamber  having  two  compartments,  the  upper  one  giving 
space  for  gas  admission  and  a  spray  of  water.  Hanging 
from  the  dividing  wall  is  a  threaded  cylinder  with  a  ]ns- 
ton  having  threads  of  the  same  pitch,  but  not  in  con- 
tact with  those  of  the  cylinder  wall.  Both  are  so  tapered 
that  as  the  ]nston  is  moved  downward  the  flow  area  is 
lessened  and  the  velocity  of  the  gas  is  increased,  or  vi<  e- 
versa.  The  stem  attached  to  the  piston  has  threads  of 
the  same  i^itch  also,  so  that  in  moving  the  piston  up  or 
down  there  is  no  variation  in  the  "mesh." 

In  passing  through  this  zigzag  course,  the  remaining 
soot  particles  in  the  gas  are  deposited  on  the  metal  sur- 
faces and  washed  down  through  the  drain  at  the  Ijottom 
of  the  lower  compartment.  The  purified  gas  passes  on 
to  the  burners. 

Engine  Poom 

The  engines  are  of  the  tandem  type  directly  connected 
to  HO-,  22()-volt,  three-wire  generators,  with  a  balancer 
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pet.  Kites  inertia  governors  acting  through  balanced  cut- 
off valves  control  the  speed,  and  under  the  severe  condi- 
tions imposed  by  the  welding  department  tliev  have 
maintained  close  regulation. 

Th"  plant  is  distinctive  in  design  in  that  any  part  of 
cither  engine,  with  the  exception  of  the  crankshafts  and 
il\Tvheels.  is  interchangeable,  and  either  half  of  the  twin 


Fig.  6.     Sectioxal  A'iew  THifouoH   Static   \VA>JHr:T! 

PRINCIP.iL  EQUIPMENT  OF  BARXH 
Xo.      Equipment                    Kind  Size  l"st' 

2  Ga3  generatora.  .   Water  sealed 8  ft.  dia,  12  ft.  Produce  gas  for  heating 

high and  power 

2  Economizers. . . .   Counterflow 42  in.  dia.,  9  ft. 

high Heat  air  to  generator . 

1  Scrubber Wet 78  in.  dia.,  22 

ft.  high Clean  gas 

1  [Boiler   Vertical  fire  tube .  .    15  hp Steam  to  generators. .  .  . 

1  Coal  hoist Electric 1  ton Coal    from    bunker    to 

generators 

1  Blower Positive No.  5 Gas  under  pressure  t.o 

burners 

1   Motor Direct  current 1.5  hp Drive  blower 

1  Gas  engine Tandem,  four-cycle  12.^  hp.,  17JxlG 

in Main  generating  unit . . 

1  Generator Direct  current 7.5  kw Main  generating  unit. . . 

1  Gasengine Twin  tandem 250hp.,  17}xl6 

in Main  generating  unit .  . 

1  Generator Direct  current 150  kw Main  generating  unit. . . 

1  Pump Centrifugal li  in Cooling   water   for   g;is 

engines 

1    Motor Direct  current 5  hp Drives  circulating  pump 

I   .Air  compressor. .   Vertical 3x3^  in .Starting  gas  engmes     . 

1    Motor Direct  current 3  hp Geared  to  air  compress- 


ciigine  can  be  run  independently  of  the  other.  In  this- 
way,  one  tandem  unit  can  be  out  of  service  and  the  other 
two  will  be  available  to  furnish  the  maximum  load  of 
l.-.O  kw. 

A  10-in.  pipe  from  the  scrubber,  with  6-in.  taps  to 
each  tandem  unit,  supplies  the  gas  to  the  engines.  From 
the  twin  engine,  two  6-in.  exhaust  pipes  discharge  to  a 
12-in.  muffler;  this  reduces  to  8  in.  as  it  leads  to  the 
roof.  Tho  s'ngle  tandem  engine  has  a  6-in  exhaust,  a 
10-in.  muffler  and  a  6-in.  riser. 

Air  for  starting  is  stored  in  two  30-cu.ft.  tanks  at 
20n-lb.  pressure  during  the  day  by  a  .motor-driven  com- 
pressor. From  a  5000-gal.  tank  on  the  roof  cooling  water 
flows  through  the  engine  jackets  and  tlien  to  the  suction 
of  a  2-in.  motor-driven  centrifugal  pump  which  returns 
il  to  the  tank  through  a  cooling  tower  above  the  tank. 
Tn  case  of  accident  to  the  pump,  city  water  will  be  used 
temporarily. 

Other  equipment  includes  a  pump  and  air-compres.^or 
unit  for  the  s]irinkler  .system,  a  motor-generator  set 
to  supply  current  of  the  proper  voltage  for  welding, 
two  bilge  pumps  to  raise  the  sewage  to  the  necessary  level 
and  a  triplex  pump  to  circulate  water  through  the  type- 
casting machines. 

For  heating  the  building,  two  water-tube  boilers,  each 
able  to  serve  10,000  sq.ft.  of  radiation,  supply  steam  at 
a  5-lb.  pressure  to  a  vacuum  system  having  16,000  sq.ft. 
of  radiation.  A  steam  plant  was  iirst  considered,  but 
because  of  the  low  efficiency  in  summer,  of  insufficient 
exhaust  steam  to  supply  the  heating  for  at  least  part  of 
tlie  winter,  and  because  gas  was  needed  in  the  shop,  the 
present  plant  appeared  to  be  the  best,  considering  its 
brief  period  of  operation,  and  nothing  has  happened  to- 
gainsay  this  decision.  The  gas  for  both  services  has  given 
satisfaction,  and,  from  the  meager  data  available,  the 
cost  has  been  exceptionally  low. 

C.  R.  Murray  is  the  general  =u]iei-intciid('nt  of  the 
works  and  O.  G.  .Schmitt  is  the  mechanical  engineer  for 
the  company. 

\RT  BROTHERS  &  SPrXDLER  PI..VXT 

Operating  Conditions  Afa'ker 

Atmospheric  pressure  in  top  of  producer. ....    Flinn  &  Dreffein  Co. 

Gas  1200  deg.  F.,  air  500  deg.  F Flinn  &  Dreffein  Co. 

Coke,  water  and  excelsior  Flinn  &  Dreffein  Co. 

.50  to  80  lb.  pressure  S.  Freeman  &  Sons 

Motor  driven Sprague  Electric  Works 

Belted  to  motor,  400  r.p.m , B.  F.  Sturtcvant  Co. 

220  volts,  800  r.p.m Crocker-Wheeler  Co. 


I   Motor Direct  current 75  hp Drive  welding  generator 

1  Generator Single-phase  A. C...   50  kw Current  for  welding.  . 

1  Balancer  set Balance  three-wire  sys- 
tem   

1  Pump Triplex 6x9  in Water  to    sprinkler    -sy- 

st/?m 

1  Air  compressor 8x3Hn Air  to  sprinkler  system 

1   Motor     Direct  current 25  hp Drives    pump    and    air 

comprefwor  of  sprink- 
ler system 

1  Pump  Triplex 5x6  in Cooling  water  for  cast- 
ing machines 

1  Motor Direct  current 5  hp Drive  triplex  pump.  ..  . 

2  Pumps Bilge No.  5 Raise  sewage 

2  Boilers Low-pressure,   wai- 
ter tube 10,000  sq.ft. 

radiation,, . .   Heat  building 

1    Pump Vacuum 5x7  in Healing  system 

1    Motor Direct  current 4  hp Drive  vacuum  pump.  .  - 


Producer  ga-s,  2.50  r.p.m.  Alberger  Gas  Engine  Co, 

1 10-220  volts,  250  r.p.m Crocker-Wheeler  Co. 

Motor  driven Goulds  Mfg.  Co. 

220  volts,  2200  r.p.m Imperial  Electric  Co. 

200  lb.  pressure,  400  r.p.m.    .       Gardner  Governor  Co. 

220  volts,  1.300  r.p.m Crocker- Wheeler  Co. 

220  volts.  10.50  r.p.m Crockei^Wheeler  Co. 

4.50  volts,  10,50  r.p.m Thomson  Electric  Welding  Co. 

50  amp.,  110  volts,  1650  r.p.m Crocker-Wheeler  Co. 


220  volts,  1650  r.p.m .Sprague  Electric  Works 

Chain  drive  to  motor The  Deming  Co. 

220  volts .Sprague  Electric  Works 

1.50  gal.  per  min.,  .30  ft.  head,  motor  driven ....  Cnicago  Pump  Co. 


5  lb.  pressure   Hart  &  Crousc  Co. 

Belted  to  motor Warren  Webster  &  Co. 

220  volts.  1 1 50  r.p.m Sprague  Electric  Works 
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A  sj'stem  for  the  purification  of  water  for  boiler  pur- 
poses has  been  placed  on  the  market  recently.  To  obtain 
the  catallactic  action,  the  treating  member,  known  as  the 
expurgator,  is  placed  in  the  feed  pipe,  preferably  between 
the  heater  and  the  boiler.  The  water  passes  through  the 
large  connection  on  the  upper  left  side  of  the  expurgator 
into  a  channel,  Fig.  1,  which,  becoming  smaller  on  ap- 
proaching the  bottom,  increases  the  pressure  of  the  water 
until  it  arrives  at  the  bottom  or  narrowest  point.  There 
the  water  is  at  its  highest  pressure  and  --^omes  in  contact 
with  the  protruding  lip  of  the  left  wall  of  the  hopper, 
thereby  causing  a  rotarj'  suction  back  of  the  lip. 

This  suction  draws  a  continuous  stream  of  treating 
material,    consisting   of    granulated    particle?    of    metal 


Fig 


known  as  granx,  from  the  hopper  through  the  small 
opening  at  the  bottom  into  the  water.  Owing  to  the  high 
pressure,  the  granx  is  agitated  until  it  emerges  from  the 
channel.  When  the  water  is  diverted  by  a  curved  de- 
flector on  the  top  of  the  outside  wall  of  the  channel  with 
the  center  of  the  hopper,  where  the  granx,  having  been 
carried  by  the  water,  fall  by  their  own  weight  back  into 
the  hopper,  thereby  preventing  the  same  from  continuing 
in  the  outflow  into  the  boiler. 

About  every  thirty  days  the  expurgator  is  charged  with 
granx  through  a  small  hexagon  plug  at  the  top.  The 
treated  water  passes  into  the  boiler  and  the  impurities  and 
substa-ices  are  brought  to  the  surface  by  the  water  <,'ircu- 
lating  in  the  boiler,  where  the  skimmers,  Fig.  3,  draw  in 
these  impurities  and  foam  through  perpendicular  pipes 
into  the  settling  chamber. 

These  skimmer  heads  are  shaped  according  to  the  tvpe 
of  boiler  in  which  they  are  used,  and  som  'what  resemble 
a  flattened  megaphone.  The  lower  side  of  the  skimmer 
head  is  always  sumberged  and  the  upper  side  open,  to 
])ick  up  all  impurities  brought  to  the  month  of  the  skirn- 


mer  by  the  water.  Owing  to  the  height  of  this  opening, 
the  water  may  rise  or  fall  the  limit  of  the  boiler  without 
affecting  the  skimming  operation. 

On  passing  through  the  pipe  into  the  settling  cham- 
ber, the  water  enters  the  large  receiving  pipe  surrounding 
the  return  pipe  and,  going  down  the  outside,  comes  in 
contact  with  an  inverted  cone,  which  diverts  the  heavier- 
tlian-water  substances  out  toward  the  side  of  the  settling 
chamber,    while    the    lighter-than-water    substances    pass 

upward  to  the  top. 
The  heavier  sub- 
stances continue  to 
fall,  passing  a  sec- 
ond cone  at  the 
head  of  the  return 
pipe  and,  being  di- 
verted to  the  sides, 
settle  to  the  V-shape 
bottom  of  the  set- 
tling chamber  Fig. 
2. 

The  clean  water 
travels  through  the 
center  of  the  lower 
inverted  cone  and 
into  the  middle  or 
return  pipe,  and 
back  into  the  boiler. 
This  circulation  is 
constant,  and  the 
suction  is  not  great 
enough  to  return 
the  substances  or 
foreign  matter, 
which  are  constant- 
ly settling  to  the 
bottom  of  the  cham- 
ber where  the  ac- 
cumulation can  be 
blown  off. 

The  valve  at  the 
top  allows  blowing 
off  the  lighter-than- 
water  substances  in 
the  same  manner ; 
it  can  be  done  when- 
ever the  amount  of 
sediment  found  de- 
mands it. 

As  the  system  is 
automatic,  it  re- 
quires no  attention. 
An  expurgator  ca- 
pable of  handling 
up  to  250  hp.  is 
about  18  in.  across  the  face  and  4  in.  thick;  it  can  be 
placed  anywhere  in  the  feed  line  convenient  to  the  boiler. 
The  settling  chamber  is  about  16  in.  in  diameter,  about  , 
6  ft.  high,  and  can  be  placed  at  any  of  the  small  places 
about  the  boiler. 

In  the  catallactic  action  brotight  on  through  attiition. 
old  scale  is  attacked  from  its   surface   and   is   softened 
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slowly.  The  boiling  water  removes  this  softened  surface 
through  friction  in  particles  which  are  picked  up  by  the 
circulation  and  carried  to  the  mouth  of  the  skimmer  head, 
and  through  it  to  the  settling  chamber. 

The  purpose  of  the  system,  which  is  built  by  the  Watt-r 
Expurgating  Co.,  42  Broadway,   New   York  City,  is  to 

Cormctlon  from 
skim. Tier  head  in 
drum  to  seifling  chamber 


Oil  and  magnesium 
salts  blorf-ouf  va/ve 


Seifling  chamber 

forskimmer 

Si/sfem 

Plug  for  charging 
6mnx 

Sediment  Slow-off 
Valve 


Fig.  3.     Arhaxgemext  of  Skimmer,  Expukgator  axd 
Settling  Chamber 

saturate  the  water  through  attrition,  thereby  causing  the 
desired  catallaetic  action,  thus  preventing  any  of  the 
scale-forming  substances  from  adhering,  when  thev  pass 
into  the  boiler. 

H®'yy  CoinalbaKaedl  Tfciesis 
By  Perry  Cassidy* 

The  complete  design  of  a  lo,00O-kw.  power  plant  has 
been  finished  as  a  thesis  by  the  1914  class  of  the  College 
of  Mechanical  and  Electrical  Engineering,  State  Uni- 
versity of  Kentucky. 

The  problem  of  the  location  and  design  of  such  a  sta- 
tion to  furnish  light  and  power  to  the  mining  districts 
of  eastern  Kentucky  and  for  manufacturing  and  light- 
ing in  the  central  part  of  the  state,  was  taken  up  in  con- 
junction with  the  cla^s  in  power-plant  design  early  in  Jan- 
uary. After  careful  study,  it  was  found  that  Valley  View, 
on  the  Kentucky  River,  would  be  an  ideal  load  center,  but 
the  cost  of  shipping  coal  from  the  eastern  fields  of 
Kentucky  would  be  $1.25  per  net  ton.  The  question  then 
arose  whether  it  would  not  be  more  economical  to  build 
the  plant  in  the  center  of  the  coal  fields  and  use  a  high- 
tension  transmission  system  to  bring  the  current  to  a 
small  central  switching  station  at  Valley  View. 

Upon  investigation.  Hazard,  in  Perry  County,  was 
found  to  offer  good  facilities  for  the  plant.  There  arc 
several  large  coal  mines  a  mile  of  two  from  the  town, 
the  Lexington  &  Eastern  MM.  and  the  north  fork  of  the 
Kentucky  River  meeting  at  that  point.  The  yearly  cost 
of  a  transmission  line  from  Hazard  to  Valley  View  and 
a  switching  station  at  Valley  View  was  found  to  be  suffi- 
ciently less  than  the  difference  in  cost  of  fuel  at  Hazard 
and  Valley  View  to  warrant  the  buililiiig  of  the  plant  at 
the  former  place. 

•Assistant  professor  of  thermodynamics,  State  University 
ot  Kentucky. 


In  March,  the  senior  class  was  sent  to  Hazard  to  make 
an  investigation  of  conditions  affecting  the  design  of  a 
power  plant.  A  rejwrt  was  made  by  the  students  on  the 
quantity,  quality  and  cost  of  available  coal,  quantity  and 
quality  of  water,  weather  conditions,  available  building 
material  and  advisable  site  for  the  plant.  The  report  was 
supplemented  by  photographs  of  the  river,  the  site  se- 
lected, the  coal  tipples,  railroad  and  other  general  views. 

The  site  is  on  the  bank  of  the  river  near  the  railroad, 
and  about  one  hundred  yards  from  the  tipple  of  one  of 
the  largest  mines,  so  that  coal  could  be  taken  in  dumping 
cars  directly  from  the  tipple  to  the  boiler  room. 

Work  was  started  on  the  actual  design  of  the  plant 
Apr.  1,  the  men  being  required  to  draw  eight  hours  a  day, 
and  three  hours  overtime  two  nights  a  week.  Moreover, 
a  time-clock  system  was  used  to  record  each  man's  time 
and  the  time  on  each  drawing,  and  penalties  were  im- 
posed for  lateness  and  absence.  Each  man  was  given 
at  least  one  building,  one  piping,  and  one  electrical  draw- 
ing, and  also  some  specification  work. 

The  time  required  to  complete  all  the  drawings  and 
all  specifications  was  5673  hours,  an  average  of  56.73 
hours  per  drawing.  This  compares  favorably  with  the 
time  required  in  a  consulting  engineering  office. 

One  hundred  drawings  were  made,  checked  and  the 
specifications  written  for  building  construction,  all  equip- 
ment, piping,  wiring,  etc.  Excellent  cooperation  was  se- 
cured from  the  manufacturers  of  power-plant  equipment, 
the  design  being  considered  as  if  a  hone  fide  one,  draw- 
ing.s,  specifications  and  quotations  being  furnished  in  the 
usual  manner.  It  was  estimated  that  the  plant  as  de- 
signed could  furnish  power  at  the  switchboard  for  less 
than  five  mills  per  kilowatt-hour. 

The  plans  call  for  the  coal  to  be  received  in  the  coal 
house  and  either  dumped  into  the  crusher  hopper  or 
handled  by  a  bucket  crane.  From  the  crusher  the  coal  is 
taken  on  a  belt  conveyor  to  a  bucket  conveyor,  which  ele- 
vates it  to  the  bunkers  over  the  boilers. 

The  boilers  selected  were  800-hp.  B.  &  W.,  set  singly, 
v.'ith  chain  grates,  the  steam  conditions  being  100  lb. 
pressure  and  130  deg.  superheat.  Seven  boilers  are  speci- 
fied with  room  for  three  more. 

Three  5000-kw.  horizontal  turbo-generators  operating 
at  6600  volts  are  specified  for  the  turbnie  room,  with 
room  for  one  more ;  the  turbines  to  be  installed  in  units 
of  two,  with  one  open  feed-water  heater,  two  feed  pumps, 
two  turbo-circulating  pumps,  one  motor-driven  exciter, 
one  turbine-driven  exciter,  and  other  minor  equipment 
for  each  two  turbines. 

In  the  switch  house  and  gallery  are  located  the  switch- 
board, and  low-tension  apparatus,  office,  toilet  room  and 
store  room. 

All  high-tension  ( 110,00ii-volt)  transformers,  switches, 
protective  apjiaratus,  etc.,  are  located  outside  the  building 
on  a  concrete  foundation  with  steel  framework. 

From  the  results  obtained,  it  is  thought  that  the  com- 
bined thesis  is  of  more  benefit  than  the  individual  one. 
Although  the  princijile  of  the  individual  thesis  is  sound, 
it  is  doubtful  whether  theses  when  conducted  as  in  the  past 
are  of  the  greatest  education  and  technical  value.  The 
time  given  to  the  undergraduate  thesis  is  necessarily 
short,  and  in  order  to  derive  results  that  will  appear  to 
have  some  ini]x)rtance,  the  student  usually  takes  a  prob- 
lem that  is  either  too  complex  to  be  handled  in  the  time 
;:vailable,  or  is  too  large  for  him  to  fully  comprehend. 
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By  F.   a.   Anxett 


After  the  field  coils  have  been  taken  out  of  a  motoi" 
or  generator  for  repairs  or  rewinding,  unless  they  were 
carefully  marked,  the  electrician'  is  confronted  with  the 
problem  of  getting  tlieni  back  in  the  machine  with  the 
proper  polarity.  In  many  cases,  the  method  of  procedure 
is  to  first  place  the  coils  in  the  machine  and  connect  them 
up  temporarily:  then  test  the  pole-pieces  for  the  proper 
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polarity,  but  this  is  accompanied  usually  with  consider- 
able labor,  for  if  the  electrician  is  unfortunate  enough, 
to  have  a  number  of  the  coils  of  the  wrong  polarity',  con- 
siderable unnecessary  labor  is  involved  in  removing  and 
reversing  them. 

A  better  method  is  to  test  the  coils  before  they  are 
placed  in  the  machine,  which  may  be  done  as  follows: 
First,  place  the  coils  and  connect  them  as  in  Fig.  1.  then 
after  closing  the  switch  to  the  line,  test  the  coils  with  a 
compass  for  the  proper  polarity.  The  compass  should 
point  alternately  north  and  south   in   adjacent  coils,  as 


indicated  in  Fig.  1.  If  a  condition  is  found  like  that 
shown  in  Fig.  2,  where  three  adjacent  coils  are  of  the 
same  ]5olarity — that  is,  ^4,  B  and  C  are  north  poles, 
change  coil  B  end  for  end  or  interchange  the  cormections 
on  it.  This  method  means  that  coil  B  will  have  to  be 
revolved  through  one-half  revolution  to  bring  the  coil 
terminals  in  the  proper  position  to  nuike  the  connections. 

Again,    consider    a 
condition   as  that  in 
Fig.  3,  where  coils  A 
and  B,  C  and  D  are 
alternate    north    and . 
south   poles,  but   ad- 
jacent coils  A  and  D 
are   north   poles   anil 
coils    B    and    ('    are 
south  poles.   To  rem- 
edy this  condition,  it 
will    be   necessary   to 
change    coils    C    and 
D  end  for  end  or  in- 
terchange    the     con- 
nections  on  them  to 
bring  the  four  poles 
into   the   proper   po- 
larity.   After  the  de- 
sired condition  has  been  obtained,  the  coils 
may   be    placed    on    the    polepieces   just   as 
they  are  located,  as  indicated  in  Figs.  1  and 
4.    After  the  coils  have  been  located  on  the 
polepieces,   they  may   again   be  tested  with 
a  compass  to  see  if  the  work  has  been  done 
properly. 

AVhen  testing  for  polarity  with  a  compass, 
•  care  should  be  taken  to  always  so  hold  it 
that  the  needle  is  free  to  move,  for  if  the 
compass  is  shifted  from  one  polepiece  of  op- 
posite polarity,  if  the  needle  is  not  free  to 
move,  the  polarity  of  the  needle  will  be  re- 
versed and  will  indicate  that  the  fields  are 
of  the  same  polarity;  this  might  lead  one 
into  considerable  trouble.  A  good  plan  is  to 
make  the  test  two  or  three  times  so  that  the 
chances  of  making  a  mistake  will  be  reduced 
to  a  minimum. 

Another  convenient  way  to  test  the  pole- 
pieces  for  the  proper  polarity  is  with  a  piece 
of  iron,  long  enough  to  reach  from  one  pole- 
piece  to  another  and  placed  as  shown  at  a  in 
Fig.  5.  When  the  poles  are  alternately  north 
th,  as  at  a,  the  iron  will  be  strongly  attracted: 
if  both  polepieces  are  of  the  same  polarity,  as  at  h,  the  at- 
traction for  the  piece  of  iron  will  be  very  weak  and  it 
will  be  repelled  when  brought  close  to  the  polepieces. 
Care  should  be  taken  not  to  mistake  the  weak  attraction 
which  two  like  poles  have  for  a  ]3iece  of  iron  when 
brought  in  contact  with  them,  for  the  strong  pull  two 
unlike  poles  will  exert  on  the  same  piece  of  iron. 

A  good  plan  is  to  try  the  pull  between  any  two  poles, 
and  if  it  is  not  very  strong,  interchange  the  connections 
on  one  coil.     If  the  indl  is  increased  the  ]iolarity  is  cor- 
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reit,  and  if  decreased,  the  polarity  is  wrong  and  the  coil 
leads  that  were  interchanged   should   be  changed  back. 

A\'hen  a  compass  is  not  at  hand  for  making  the  test  as 
described  in  Fig.  1,  a  wire  nail  may  be  used  for  the 
purjiose  as  indicated  in  Fig.  6.  After  the  coils  have 
been  energized,  if  the  nail  is  placed  in  one  of  them  it 
will  be  magnetized  and  retain  enough  of  the  magnetism 
to  act  as  a  compass  needle. 


Care  should  be  taken  in  using  it  as  the  magnetism  will 
l)e  easily  reversed  in  it.  Furthermore,  it  should  be  moved 
from  one  coil  to  another  in  the  curved  line  as  indicated 
by  the  dotted  lines  in  Fig.  (i.  If  the  coils  are  of  the 
proper  polarity,  the  nail  will  point  in  the  opposite  direc- 
tion in  adjacent  coils.  If  two  adjacent  poles  are  of  the 
same  polarity,  the  nail  will"  point  in  the  same  direction 
as  shown  in   Fig.  T.  whii'li  can  be  corrected  as  in  Fig.  2. 
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SY270PSIS — The  fonnaiion  of  rliid-cr  at  the  side  wnlh 
uiid  extending  nearly  halfway  across  the  furnace,  a  seri- 
ous trouble.  Oyster  shells  prevent  the  clinker  from  fus- 
iiii/  with  the  ftrebrich.  Clinkers  of  New  River  slack  less 
Iniublesome  than  clinkers  from  Georges  Creek  slack. 
Banked  fires  sometimes  cause  wind  box  and  tuyere  plates 
to  warp. 

In  the  operation  of  an  nnderfeed-type  stoker  plant  dur- 
ing the  past  four  years  the  writer  has  experienced  many 
Sifficulties.  Some  have  been  easily  overcome,  and  others 
iiiade  less  troublesome  by  experimenting  with  different 
iiethods  of  operation.  One  of  the  greatest  troubles  has 
3een  with  clinker  sticking  to  the  side  walls  of  the  furnace. 
The  stoker  used  is  supposed  to  be  self-cleaning,  by  push- 
ing the  clinker  down  onto  the  dump  plate,  and  in  a  meas- 
ure it  performs  this  work  successfully.  All  the  coal  used 
n  this  plant  is  bought  on  the  B.t.u.  basis,  and  one  year 
:he  contract  called  for  Georges  Creek  mine-run  coal.  This 
ivas  usually  of  a  good  quality  but  it  formed  a  clinker  that 
idhered  to  the  side  walls  of  the  furnace,  and  would  some- 
times extend  nearly  a  third  of  the  way  across  the  furnace, 
ind  when  the  load  was  extra  heavy  would  bridge  entirely 
icross  to  the  center  tuyeres ;  there  being  three  tuyeres  in 
.■acli  furnace,  this  clinker  would  be  from  8  to  It  in.  thick. 
When  properly  operated  the  stokers  make  no  smoke  even 
vhen  forced,  except  when  working  the  fire,  either  barring 
)r  cleaning,  at  which  time  they  will  smoke,  and,  on  ac- 
;ouiit  of  the  rigid  smoke  laws  it  is  necessary  to  clean 
the  fires  after  dark  and  bi'lore  daylight.  twi;-c  during  the 
?4  hr.  being  sufficient. 

Clkamnc  tim:  SioKKit    Fii;i: 

To  do  this  the  fire  is  biinnMl  ilown  as  biw  as  the 
fondition  of  tlie  load  will  |ici-mit,  and  tlif  clink- 
ers ripjx'd  off  the  tuyere  plates  and  pushed  down  on- 
:o  the  dum]>  plate.  When  using  Georges  Creek  coal  the 
m\\  way  to  get  these  clinkers  off  is  with  a  12-ft..  IVp'"- 
iteel  bar  having  a  chisel  point,  the  bar  being  driven  witli 
I  12-lb.  sledge  hammer.  This  heavy  pounding  loosened 
the  side  walls  which  soon  had  to  be  rebuilt.  A  belter  grade 
)f  firebrick  was  used,  but  did  not  stoj)  the  trouble.  Next, 
lyster  shells,  which  are  very  cheap  liere,  were  used  to  pre- 
k'ent  the  clinkers  from  sticking  to  the  walls.  After  the 
lires  were  cleaned  about  three  or  four  scoopfuls  of  the 
iliells  were  thrown  next  to  the  wall  on  each  side  of  the 
furnace.  Tlie  idea  was  lluit  the  lime  in  the  shells  would 
form  a  flux  which  would  ])rcvent  the  clinker  fi'oni  stick- 
ng.  This  did  much  good  in  keeping  the  clinkers  from 
iticking,  and  seemed  to  nuike  them   more  brittle.     The 


next  year  New  I\i\er  mine-run  coal  was  used  and  did  not 
give  as  much  trouble  in  sticking  to  the  walls  as  did  the 
Georges  Creek  coal.  Sometimes  slack  was  sent  in  place 
of  mine-run.  at  such  times  the  clinker  was  exceptionally 
bad,  although  with  New  River  slack  oyster  shells  were 
not  needed  in  such  quantities  as  with  Georges  Creek 
slack. 

In  addition  to  the  chisel  bar  the  tools  most  useful  are  a 
11-ft.  slice  bar  for  ripping  up  soft  clinkers  and  breaking 
up  the  fire  bed,  an  11-ft.  hoe  for  pushing  the  loose  clink- 
ers down  onto  the  dump  plate,  a  long  hook  to  pull  out 
the  clinkers  that  form  on  tlie  center  tuyeres,  the  hook  be- 
ing used  from  the  side  door.  Another  handy  tool  is  a 
10-lb.  sledge  hammer  with  a  11-ft.  iron  handle.  Some- 
times the  side-wall  clinkers  may  be  allowed  to  become 
cool  at  which  time  they  can  be  broken  off  with  the  long- 
handled  hammer.  This  method  of  getting  the  clinkers 
off  injures  the  walls,  but  they  must  be  got  off  some  way. 
and  experience  has  shown  this  way  to  be  the  best.  In 
cleaning  the  fires,  after  the  dirt  and  clinkers  are  pushed 
liack  onto  the  dead  plate,  they  are  allowed  to  lie  there  an 
hour  or  two.  This  gives  the  coke  that  may  be  pushed 
along  with  the  clinkers  a  chance  to  burn,  thereby  prevent- 
ing it  from  being  dumped  into  the  ashpit. 

Several  kinds  of  bituminous  and  semibituminous  coals 
have  been  tried,  all  o\'  which  gave  some  trouble  bv  clink- 
ers sticking  to  the  side  walls.  The  Xew  River  crushed 
mine-run  seems  to  clinker  less  than  any  coal  tried  in  inn- 
plant. 

Some  kind  of  a  water  back  could  be  used  in  place  of 
the  firebrick  side  walls.  Such  a  water  back  would  have 
to  be  connected  to  the  boiler,  and  would  not  be  very  long 
lived  as  the  temperature  at  this  point  is  extremely  high, 
but  it  woulil  prcvciil  (he  rlinkei-  from  sticking,  and  wotdd 
increase  the  capacitv  cif  the  bojlci-  In  some  extent. 

Ci-i.\Ki;ii    l)i:sTU(ivs    Wai.i.^ 

Several  kinds  of  lirebrick  have  heeii  used  with  the  hope 
of  getting  one  that  the  clinkers  will  not  stick  to:  even  a 
cement  wall  was  tried.  This  wall  was  made  of  cement, 
sand  and  gravel.  It  did  not  last  long  as  it  cracked  and 
broke  away  in  pieces,  and  the  clinkers  seemed  to  stick  to 
it  as  badly  as  to  the  firebrick  walls. 

Another  didiculty  was  to  get  llu>  right  proportion  of 
air  and  coal.  The  stokers  are  driven  by  the  fan  engine 
through  a  chain  drive.  WIkmi  the  steam  pressure  is  u]) 
to  standard  the  fan  and  stoker  i-un  vcrv  slowly.  Then 
when  the  pressure  drops  one  or  two  pounds  the  engine 
.speeds  up  giving  a  greater  air  jiressurc.  and  pushing  the 
coal  faster.     The  speed  is  controlled  by  the  damper  regu- 
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lator.  Several  change.?  in  tlie  shaft  gears  were  made  be- 
fore a  speed  was  found  that  would  give  the  best  speed  of 
the  stoker  in  proportion  to  the  fan  speed.  If  the  stoker 
ran  too  fast  when  the  load  was  light,  and  the  engine  was 
running  slow,  the  furnace  would  become  full  of  green 
coal.  If  it  ran  too  slow  the  fire  would  be  too  light,  and 
when  the  fan  did  speed  up  an  excess  of  cold  air  would 
be  forced  through  the  thin  fire  on  the  tuyeres  carrying 
a  great  deal  of  heat  to  the  stack.  The  best  method  of 
controlling  the  speed  of  the  fan  engine  is  to  have  it  run 
at  a  constant  speed  to  be  determined  by  the  conditions  of 
the  load.  That  is,  a  light  load  would  require  a  slow  con- 
stant speed,  and  a  heavy  load  a  higher  constant  speed.  We 
tried  setting  the  governor  to  give  the  desired  speed  so 
that  the  engine  would  run  constant,  the  damper  regu- 
lator being  set  to  operate  only  in  an  emergency,  and  while 
the  coal  consumption  was  lowered,  it  was  necessary  to 
change  the  speed  every  time  the  load  changed.  This  the 
firemen  would  not  do  as  long  as  steam  pressure  was  up 
and  consequently  in  times  of  light  load  far  too  much  air 
was  used  so  that  one  saving  was  offset  by  another  waste. 
If  all  the  firemen  could  be  trained  to  change  the  speed 
witli  changes  of  load,  this  plan  would  work  all  right. 
Eventually  some  system  will  be  devised  whereby  the  con- 
trol will  be  automatic  and  at  a  constant  speed  as  required 
to  maintain  the  pressure. 

One  improvement  that  proved  to  be  valuable  was  in 
taking  the  air  for  combustion  from  over  the  tops  of  the 
boilers.  This  increased  the  air  for  combustion  about  90 
deg.  P.,  and  also  gave  better  ventilation  to  the  room.  This 
was  done  by  building  a  wall  around  the  fan  open  only  to 
the  space  over  the  boilers,  and  having  suitable  doors  to 
make  all  parts  of  the  fan  and  engine  accessible. 

Coal  Got  Ixto  Air  Duct 

Another  trouble  was  with  the  wind  laox  which  became 
warped  and  cracked.  Green,  partly  burned  coal  got 
through  the  cracks  and  through  a  broken  tuyere  plate  into 
the  air  duct.  This  duct  was  galvanized  iron  leading  from 
the  air  tunnel  to  each  separate  stoker,  and  the  hot  coal 
that  got  into  the  duct  continued  to  burn,  causing  it  to  get 
red  hot.  The  only  way  to  get  it  out  was  to  stop  the  fan, 
get  into  the  tunnel  through  a  manhole,  crawl  along  to  the 
branch,  scoop  up  the  fire  and  bring  it  out  through  the 
manhole.  It  took  a  very  careful  examination  to  find  out 
how  the  coal  got  into  the  air  duct,  but  it  was  learned 
that  the  warped  and  cracked  wind  bos  was  caused  by  leav- 
ing the  fire  banked  several  days.  In  fact,  more  damage 
was  done  to  the  furnace  the  first  year  by  banking  fires 
than  in  the  other  three  years  put  together,  because  the 
firemen  were  not  familiar  with  the  type  of  stoker.  We 
find  it  possible  to  bank  the  fire  for  a  day,  but  if  left 
longer  than  that  serious  warping  is  likely  to  result. 

To  bank  the  fire  it  first  should  be  cleaned,  then  close 
the  damper  in  the  air  duct,  and  let  the  stoker  run  until 
a  large  amount  of  coal  is  pumped  into  the  furnace.  Next 
throw  out  the  clutch,  and  partly  close  the  stack  damper. 
If  the  fire  is  to  be  kept  Imnked  for  more  than  one  day 
more  coal  must  be  pushed  in  to  keejD  the  fire  from  burn- 
ing down  to  the  tuyere  plates  and  wind  box,  which  are  of 
cast  iron,  and  if  the  fire  reaches  tliem  they  will  become 
red  hot,  and  either  warp  or  crack,  allowing  green  and 
partly  burned  coal  to  get  into  the  wind  box,  also  the 
tuyere  plates  will  not  fit  tiglitly. 


The  air  pressure  in  the  wind  box  is  regulated  to  suit 
the  demand  for  steam.  In  cold  weather  when  the  load  is 
heavy  the  speed  of  the  fan  engine  is  set  by  adjusting  the 
governor  to  give  a  maximum  air  pressure  of  2i/2  in-  of 
water  in  the  wind  box.  During  this  time  the  load  some- 
times reaches  200  per  cent,  of  the  rated  capacity  for  a 
few  hours.  During  the  summer  when  the  load  is  light 
and  steady  the  maximum  air  pressure  is  set  at  1^  in. 
of  water. 

PrTTixG   THE    Fire   Out   Quickly 

In  all  boiler  plants  there  are  times  in  emergency  when 
it  is  necessary  to  get  the  fire  out  as  quickly  as  possible. 
For  instance,  in  case  of  a  broken  handhole  plate  or  burst 
tube,  or  low  water.  These  furnaces  when  in  full-load  op- 
eration contain  about  a  yard  and  a  half  of  coal  and  fire, 
the  fire,  of  course,  being  on  top.  In  a  case  of  this  kind 
it  is  best  to  open  the  dump  plate,  close  the  air  blast  but 
leave  the  stack  damper  open,  then  turn  the  water  hose  on 
the  fire,  and  push  it  into  the  aslipit  with  the  hoe  where 
it  may  be  quenclied.  In  one  instance  a  hand  chemical 
fire  extinguisher  was  used  with  good  results  instead  of 
water.  In  using  water  on  the  fire,  care  should  be  taken 
to  keep  it  off  the  firebricks  as  it  will  make  them  crack. 
It  is  not  good  practice  to  turn  water  into  the  fire,  but 
when  a  large  quantity  of  fire  must  be  got  rid  of  as  quickly 
as  possible,  drastic  measures  must  be  resorted  to.  If  it 
is  only  necessary  to  put  the  fire  out  for  a  short  time  as 
in  case  of  broken  tube  cap  or  low  water,  a  little  of  the  fire 
may  remain  without  damage.  After  the  cap  is  replaced 
and  the  boiler  filled,  the  fire  can  be  quickly  started  by 
turning  on  the  blast  and  starting  the  stoker.  A  new  fire 
may  be  built  in  much  less  time  than  is  good  for  the 
boiler.  The  easiest  way  is  to  clean  out  all  clinkers,  pieces 
of  brick,  etc.,  after  repairing.  Then  pump  up  a  good 
head  of  coal,  generally  about  two  hoppers  full.  Next 
throw  in  a  few  pieces  of  wood,  barrel  staves,  boxes,  etc., 
piling  them  close  to  the  front  doors.  Then  put  greasy 
waste  under  tlie  wood  in  the  doorway  and  set  it  on  fire. 
The  damper  and  front  doors  should  be  left  open  for  a 
few  minutes  but  the  uiv  blast  left  closed  until  the  wood  is 
burning  well,  then  open  the  air  blast  a  little,  close  the 
door  and  sta^t  the  stoker.  The  fire  may  then  be  forced 
as  fast  as  desired. 

The  underfeed  type  of  stoker  gives  such  an  intense 
heat  when  being  forced  with  a  high  air  pressure  that  if 
used  under  a  water-tube  boiler  especial  care  must  be 
taken  to  keep  the  tubes  clean  and  free  from  scale.  If 
this  is  not  done  the  tubes  will  be  bagged  very  quickly.  In 
handling  these  furnaces  the  firemen  hardly  realize  the 
difference  between  a  50  per  cent,  load  and  a  150  per  cent, 
load  unless  they  shovel  the  coal  into  the  hoppers  by  hand, 
but  unless  properly  handled  the  stokers  will  waste  as 
much  coal  as  when  firing  by  hand.  This  is  usually  due 
to  excess  air,  and  dumping  good  fire  with  the  clinkers. 

In  this  plant  the  smoke  problem  even  when  running 
at  200  per  cent,  overload  has  given  litWe  trouble  but  our 
neighbors  are  complaining  of  the  fine  ashes  that  are  blown 
out  of  the  stack  when  high  forced  draft  is  used.  This 
trouble  is,  of  course,  much  worse  than  it  would  be  if  only 
natural  draft  was  used,  and  does  give  the  M'hite  granite 
buildings  a  dirty  appearance.  This  may  be  stopped  in  at 
least  tn-o  ways.  One  is  to  place  a  series  of  closely  set  V- 
shnped  baffles  in  a  large  chamber  between  the  fxiiler  and 
tlie  stack,  or  Ijy  using  a  water  curtain  or  cinder  arrester. 
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111  Fig.  1  is  shown  a  new  air-  or  steam-turbine-driven 
vibrator  knocker  head  for  dislodging  scale  from  the  outer 
surfaces  of  return-tubular  boiler  tubes.  At  the  same 
time,  the  soct  from  the  inner  surfaces  which  is  loosened 
by  the  knocker,  is  blown  out  of  the  tube  ahead  of  the 
cleaner  by  the  exhaust  from  the  turbine. 


Fig.  1.  Xi:\v  TrKBiXK-l>i;ivi;x  VrBiJATni;  IIkad 

The  head,  also  shown  in  Fig.  3,  has  a  c^ylindrical 
body,  somewhat  smaller  in  diameter  than  the  boiler  tube, 
and  an  eccentrically  pivoted  lever  carrying  a  clover- 
shaped  knocker  on  a  stud  at  its  free  end.  The  lever  fits 
flush  into  a  triangular  recess  in  the  forward  face  of  the 
main  body,  the  free  end  swinging  in  an  arc  through  the 
center  of  the  head. 

The  three  hammer  faces  of  the  knocker  are  shaped  to  lit 
the  inner  circumference  of  the  boiler  tube  to  give  a  large 
area  of  contact. 

As  the  head  is  driven  at  a  high  speed,  the  eccentrically 
pivoted  lever  carrying  the  knocker  is  thrown  from  side 
to  side  and  the  knocker  is  caused  to  revolve  on  its  axis  at 
each  contact  with  the  tube,  giving  a  resultant  whirling 


motion  to  the  knocker  and  causing  it  to  hit  all  of  the 
tube.  The  cleaner,  made  by  the  Lagonda  Manufacturing 
Co.,  Springfield,  Ohio,  is  fed  into  the  tube  by  a  flexible 
rubber  hose. 

The  motor  for  driving  the  head  is  of  the  rotary-engine 
type.  Air  or  steam,  striking  radial  paddles,  revolves  the 
shaft  and  holds  out  the  paddles  to  form  a  tight  fit  with 
the  casing.  There  are  four  paddles,  two  of  which  are 
always  under  pressure. 


§^^^©sft©(dl    lIsiffij35P(Dv©inmeiratl  for 
Lnlfmira^  He©  Gasas 

By  EoBEiiT  Gkaxdox 

There  has  been  but  little  improvement  made  during 
the  past  few  years  in  the  method  of  engaging  ice  cans 
to  lift  them  from  the  brine  bath.     The  method  generally 


Fig.  ;i.  Enli  \ii;\v  of  Kmk  kici;  l\h.\it 


FIG  5 

Old  axd  Proposed  Arrangements 
FOR  Lifting  Ice  Cans 

used,  that  of  the  spring  can  dog  A,  Fig.  1,  engaging  the 
holes  B,  Fig.  2,  in  the  sides  of  the  can,  is  crude;  it  has 
caused  many  ammonia  leaks  and  been  the  means  of  in- 
juring the  foot  of  the  ice  puller.  The  small  shoulders  C, 
Fig.  1,  soon  wear  otT,  so  that  if  the  can  spreads  or  there 
is  a  little  carelessness  Iiy  the  ice  puller,  the  can  and  ice 
drop.  Should  the  can  with  its  ice  go  back  into  the  brine 
liath,  it  will  probably  strike  a  coil  and  start  an  ammonia 
leak;  should  the  puller  I)e  lowering  the  can  into  the  dump, 
his  foot  is  mashed  or  his  leg  bruised. 

In  an  effort  to  start  something  in  the  way  of  an  im- 
|irovenipnt.  the  writer  offers  a  suggestion.  It  would  in- 
crease th(>  first  cost  of  the  can,  but  pay  in  the  long  run, 
ir  if  should  stop  the  dropping  of  the  cans. 

Ill  Fig.  3,  the  bond  in  the  can  is  made  with  a  hook  ar- 
rangement, shown  at  D :  the  slot  7'^  slopes  downward 
slightly  from  tlie  hole  at  the  center.  In  Fig.  4,  the  sin- 
gle tree  K  has  small  chain  links  L  at  the  ends  and  in 
llieso  are  fhe  engaging  links  .V.  which  liave  the  lower  end 
If  elongated  (for  wear)  and  llaffi'iied  to  ])ass  through  the 
slot  at  P.  It  would  lie  necessary  to  make  these  links  long 
and  narrow,  as  shown  in  the  skefch.  and  of  about  I'V-in. 
iron  to  hook  on  the  can  when  in  the  brine  bath.  It  might 
be  necessary  to  trim  the  woodwork  a  trifle  to  make  room 
for  the  link  to  pass.  In  any  event,  the  resi>lt  olilaiticd 
would  be  worth  the  trouble  and  expense. 
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Deformmattnoini  ©f  WeMedl  Dr^mm^ 


By  J.  E.  Tekjiax 


Many  readers  will  remember  a  paper  ol'  much  interest 
bv  S.  H.  Barraelongh  and  A.  J.  Gibson,  on  the  stresses 
in  nnsymmetrieal  boiler  joints,  an  abstract  of  which  was 
published  in  Power  of  Apr.  15,  1913.  Mr.  Barraclough, 
in  conjunction  with  H.  A.  Rorke,  has  made  similar  ex- 
periments on  autogenously  welded  drums  or  barrels  used 
for  transporting  sulphuric  acid  and  read  a  paper  on  the 
results  of  these  tests  before  the  Engineering  Association 
of  Xew  South  Wales,  an  abstract  of  which  follows: 


Fig.  1.  DiiUM  A,  Showixg  FAiLfHE  of  Loxgitcdinal 
Weld 

The  drums  were  of  thin  steel  plate,  about  y^  in.  thick ; 
the  general  construction  is  shown  in  Fig.  1.  This  drum 
failed  while  being  handled  on  a  dock,  evidently  the  re- 
sult of  an  accnmulation  of  pressure  of  gas  resulting  from 
the  action  of  the  acid  on  the  material  of  the  drum.  A 
man  was  killed  as  a  result  of  this  accident. 

These  drums  were  formed  by  welding  the  parts  w-ith  an 
oxyacetylene  flame,  the  welds  being  made  without  any 
special  preparation  of  the  joined  edges,  except  to  shear 
them  straight  and  butt  the  edges  together:  no  other  ma- 
terial was  add^d  as  is  customary  in  welding  vei-y  thin 
plates.    It  will  be  noted  that  there  are  two  bands  or  lioops 


around  the  drums,  these  being  formed  separately  and 
welded  to  the  shell  as  well  as  together  at  the  ends  after 
passing  around  the  drum. 

In  order  to  determine  the  general  efficiency  of  welds 
made   by   the  owacetylene   ])rocPss.   a    specimen   of  plat-' 


Fig.  2.  A,   Ux welded  Test  Piece;  B.   Welded  Test 
Piece 

aliout  2  in.  wide  and  V-;  in-  thick  was  carefully  welded  and 
tested,  as  was  also  a  piece  of  the  solid  plate  from  the  same 
.sample.  These  test  pieces  are  shown  (Fig.  2)  as  they  ap- 
peared after  benig  broken.  .-1  and  B  representing  re- 
spectively the  solid  specimen  and  the  one  which  was 
welded.  The  residts  of  the  tests  are  given  graphically  in 
Fig.  3,  where  the  letters  on  the  curves  corres]3ond  to  those 
given  on  the  test  pieces  in  Fig.  2.  This  test  proved  that 
the  total  elongation  in  the  case  of  the  solid  plate  was  33. T 
per  cent,  again.st  5  ])er  cent,  for  the  welded  specimen,  the 
ultimate  strength  of  the  solid  plate  was  about  57,000  lb. 
against  48,000  lb.  For  the  welded  plate.  It  will  be  noted 
from  Fig.  3  that  the  behavior  of  both  specimens  was  about 
the  same,  within  the  elastic  limit.  These  results  show  a 
percentage  of  strength  for  the  w-elded  joint  of  about  77 
per  cent.  The  authors  point  out  that  claims  are  often 
made  that  the  strength  of  autogenously  welded  joints  is 
greater  than  that  of  tlie  solid  plate,  but  in  their  ex])eri- 
ence  such  claims  are  without  foundation.  Where  results 
are   obtained   which   indicate   that   the   weld   is   stronger 
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than  the  solid  plate,  it  is  ]n-obably  due  to  the  metal  being 
piled  up  at  the  weld  so  that  its  thickness  at  the  joint  is 
greater  than  in  the  solid  plate. 

Reference  was  made  to  a  series  of  tests  of  oxyacetyleno 
welds  made  at  the  University  of  Illinois  by  H.  L.  ^Vllitte- 
more  and  reported  in  bulletin  No.  45  of  the  university, 
where  it  is  shown  that  in  the  test  of  eleven  such  welds  the 
percentage  of  elHciency  ran  from  64.4  to  86.6  per  cent., 
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from  which  it  was  concluded  that  the  maximum  efficiency 
that  could  be  expected  for  such  welds  was  85  per  cent. 

I'he  drum  shown  in  Fig.  1  failed  through  the  longi- 
tudinal seam,  the  rupture  occurring  near  the  top  end.  The 
hoops  have  been  cut  away  at  the  joint  so  that  the  entire 
length  of  the  welded  seam  can  be  seen.  Since  the  tensile 
strength  of  the  shell  was  about  57,000  lb.  per  sq.in.,  it 
was  estimated  that  the  bursting  pressure,  without  con- 
sidering the  effect  of  the  hoops  or  heads,  would  be  about 
450  lb.  for  the  solid  plate ;  and  allowing  an  efficiency  of 
50  per  cent,  for  the  welded  joint  and  a  factor  of  safety  of 
five,  the  safe  wording  pressure  would  be  about  45  lb.  The 
manufacturers  of  these  vessels  placed  a  test  pressure  on 
them  of  60  lb.,  and  the  authors  considered  this  about 
right.  Measiirement  of  the  strains  on  the  surfaces  of  such 
drums  as  will  be  described  presently  showed  that  the  usual 
methods  for  calculating  the  strength  of  structures  of  this 
kind  are  incorrect. 

Destructive  tests  made  on  a  number  of  drums  con- 
structed like  the  one  which  exploded,  showed  that  when  a 
pressure  of  about  S.i  lb.  was  reached  the  heads  began  to 
bulge,  and  at  100  lb.  both  heads  had  reversed  and  became 
concave  to  pressure.  The  welded  head  seams  started  to 
leak  at  105  lb.  on  practically  all  the  drums  tested,  and 
while  the  longitudinal  seam  was  the  point  which  appeared 
to  be  the  weakest  part  on  the  drum  which  failed,  such 
seams  were  generally  much  stronger  than  the  head  seams. 
Six  drums  were  examined  in  all,  one  of  which  was  the 
drum  causing  the  accident.  Drum  F  of  this  lot,  after 
having  measurements  made  of  the  distortions  on  its  sur- 
face due  to  the  internal  pressure,  was  submitted  to  a 
destructive  pressure  test.  At  105  lb.,  when  the  head  seaui 
began  to  leak,  the  longitudinal  seam  was  hammered  to  see 
how  it  would  stand  such  abuse  under  pressure.  Owing  to 
some   peculiarity   in   the  construction  of  this   drum,   th" 
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shell  along  the  longitudinal  seam  was  in  com])ression 
rather  tiian  in  Icn.'sion,  and  after  several  blows  with  a  ma- 
chinist hammer  had  started  the  seam  to  leak,  a  slight  rise 
in  tlie  pressure  applied  would  stop  the  leaks;  this  experi- 
nicnt  was  repeated  a  number  of  times  with  the  same  re- 
sult. Several  ])ressurc  tesis  were  made  on  drums  similar 
to  drum  /'',  iuit  none  of  those  indicated  compressive 
stresses  in  the  sli''ll  exccjit  in  spots  where  the  surfaces  had 
been  di'nted  or  otherwise  deformed. 

The  final  conclusions  of  the  authors  regarding  the  use 


of  autogenous  welds  for  the  longitudinal  seams  of  such 
vessels  were  that  they  should  be  able  to  withstand  the 
strains  of  ordinary  use.  That  the  concave  head  bulged 
at  a  pressure  considerably  under  the  bursting  strength  of 
the  cylindrical  portion  of  the  drum,  seemed  to  indicate 
that  this  form  of  head  was  in  the  nature  of  a  safety  valve, 
and  by  increasing  the  capacity  of  the  drum  in  the  act  of 
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reversing,  it  would  make  the  vessel  safe  from  explosioa 
for  a  longer  time  than  a  head  of  more  rigid  construction. 

While  it  was  lielieved  from  the  results  of  the  tests  that 
the  actual  efficiency  of  the  welds,  where  they  extended  en- 
tirely through  the  thickness  of  the  sheets,  was  something 
like  80  per  cent.,  it  was  found  that  practically  none  of  the 
joints  was  thus  ])erfectly  welded  and,  owing  to  this  fact, 
it  was  considered  safe  to  allow  an  efficiency  only  of  25 
])er  cent,  for  such  joints.  With  these  values  for  the  effi- 
ciency of  joint  and  with  an  actual  factor  of  safety  of  5, 
the  factor  of  safety  to  be  ajjplied  in  reference  to  the 
strength  of  the  solid  plate  would  be  20,  which  was  con- 
sidered by  the  authors  to  be  about  the  right  figure  when 
the  risk  to  life  was  considered. 

In  order  to  estimate  the  stresses  in  the  different  parts 
of  a  drum  while  under  pressure,  the  semi-circumference 
of  drum  F  was  divided  into  six  equal  parts  by  longi- 
tudinal lines  1  to  6,  as  in  Fig.  4.  Line  1  is  along  the 
welded  joint  and  there  is  also  an  extra  line,  3a,  ])laced  oa 
the  tenter  diameter.  In  addition  to  the  longitudinal  lines, 
circumferential  lines  A  to  M  were  drawn  as  shown. 
Measurements  of  the  longitudinal  and  circumferential  def- 
ormations of  the  shell  when  under  an  internal  pressuie 
of  30  lb.  were  made  at  each  of  the  intersections  of  the 
lines  just  mentioned.  Fig.  5  gives  the  results  obtaineil 
in  a  longitudinal  direction  along  line  2  in  Fig.  4.  It  will 
be  noted  that,  while  all  the  ])late  is  in  tension  along  thi.-i 
line,  the  deformations  are  by  no  means  regular  and  tli.it 
they  are  tremendously  increased  by  a  dent  on  line  K. 

In  Fig.  (i,  the  circumferential  deformations  as  !'(iund 
under  30  lb.  jirefsurc  are  plotted  on  each  side  of  the  ver- 
tical diameter,  although  the  results  plotted  on  this  figure 
apply  to  the  measurements  on  one  side  of  the  drum  F, 
along  the  lines  A,  C,  D  and  E,  in  Fig.  4,  The  deforma- 
tions over  llie  surfaces  of  the  drums  were  measured  by 
means  of  Martens  extensometers,  the  distance  pieces  of 
which  were  about  3  in.  long.  In  maAJng  the  measure- 
ments, the  pressure  was  raised  from  0  to  30  lb.  and  fheii 
lowered  again  to  zero,  readings  being  taken  at  each  5-11). 
change  of  pressure,  botii  while  the  ])ressure  was  being 
raised  and  lowered.  The  values  given  in  Figs.  5  and  li 
re])resent  only  the  readings  taken  at  30  lb.  pressure.  In 
Fig.  (i  these  values  are  plotted  without  reference  to 
whether  a  tensile  or  a  compressive  stress  existed  at  the 
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point  measured.  Imt  it  is  stated  that  the  liigh  values  aloug 
the  upper  part  of  the  vertical  diameter  in  Fig.  6,  which 
represents  the  location  of  the  welded  seam,  are  com- 
pressions and  not  extensions,  as  would  be  naturally  ex- 
pected. 

While  Figs.  5  and  6  give  the  longitudinal  strains,  only 
at  right  angles  to  each  other,  there  are,  of  course,  strains 
in  all  other  directions"  and  their  values  must  lie  between 
the  two  just  given.  Tn  order  to  determine  the  value  of 
the  strains  around  a  point  on  the  shell,  the  distance  piece 
of  the  extensometer  was  moved  around  a  fixed  point  on 
the  shell  until  it  had  occupied  18  positions  equal  dis- 
tances apart  around  this  point,  measurements  being  takea 
at  each  point  during  the  raising  and  lowering  of  the  pres- 
sure, as  was  the  case  for  the  longitudinal  and  circum- 
ferential strains. 

Fig.  7  shows  the  results  of  such  measurements  made 
at  the  point  produced  by  the  intersection  of  lines  G  and 
6,  as  given  in  Fig.  4 ;  it  will  be  noted  that  this  intersection 
is  diametrically  opposite  the  welded  seam.  That  the  exten- 
sions measured  circimiferentially  are  not  twice  those 
measured  longitudinally,  as  might  be  expected,  is  because 
the  strains  in  one  direction  produce  contractions  at  right 
angles  to  them.  Therefore,  the  high  circumferential 
stresses  produce  high  longitudinal  strains  of  the  opposite 
sign  to  these  produced  by  the  longitudinal  stresses  and 
iice  versa  for  the  circumferential  strains  produced  by  tlio 
longitudinal  stresses.  This  explains  why  the  curve  in  Fig. 
7  is  dumb-bell  shape  and  not  elliptical.  With  Poissons' 
ratio  taken  at  14  (this  ratio  expressing  the  relation  be- 
tween the  extensions  in  the  direction  of  a  stress  as  com- 
pared with  those  in  a  transverse  direction)  the  longi- 
tudinal extensions  would  be  to  the  circumferential  exten- 


FiG.  6.  Curves  of  Circumfkkential  Strains  ox  Lixes 
A,  C,  D  AXD  E 

sions  as  1  to  31/^,  and  it  will  be  noted  that  this  is  about 
true  in  the  case  of  Fig.  7. 

Discrssiox 

A  member,  referring  to  the  safety-valve  action  of  the 
concave  heads,  said  that  it  would  seem  possible  to  bet- 


ter provide  additional  capacity  in  such  drums  after  pres- 
sure began  to  accumulate,  by  corrugating  the  heads  rather 
than  bumping  them.  Such  heads  could  give  in,  responding 
to  an.  increase  in  pressure  without  so  severely  straining 
the  material  as  would  be  the  case  with  the  convex  form 
of  head. 

5ca/e  readings 
7  ce.7fi.T:efeni 


Fig.  7.    Polar  Diagra.m  of  Strains 

It  was  suggested  that  such  drums  for  the  transportation 
of  sulphuric  acid,  or  for  other  uses  where  the  contents 
might  produce  chemical  action  during  transit  which 
might  cause  a  dangerous  internal  pressure,  could  be  ex- 
amined from  time  to  time  as  miglit  be  found  necessary, 
the  btilging  of  the  heads  giving  warning  of  the  approach 
of  danger.  This  method  is  said  to  be  in  use  to  determine 
if  canned  goods  are  sound,  all  cans  with  bulged  ends  being 
thrown  out  by  the  inspector  as  unfit  for  use.  This  mem- 
ber also  took  up  the  question  of  the  improvement  of  welds 
by  hammering  while  hot.  Mr.  Barraclough,  in  his 
concluding  remarks,  said  that  all  such  welds  could 
be  improved  by  hammering  in  the  process  of  manu- 
facture. 

Professor  Groth  was  quoted  as  stating,  in  a  book  on 
autogenous  welding,  that  no  one  should  be  allowed  to 
weld  a  part  subject  to  stress  tintil  he  had  acquired  at  least 
two  years'  experience  in  doing  such  work  under  a  com- 
petent operator.  This  statement  is  about  in  line  with  the 
avowed  desire  of  tire  better  firms  doing  autogenous  weld- 
ing in  the  Ignited  States;  namely,  to  have  ojjerators  for 
such  work  licensed. 

The  president  said  that  as  the  stresses  appeared  to  be 
so  liigh  at  the  welded  joint,  Fig.  6,  this  would  require 
much  investigation.  He  suggested  that  these  figures  were 
arrived  at  by  assuming  uniform  strength  for  the  ma- 
terial at  all  points  of  the  drum,  and  that  this  might  lead 
to  erroneous  conclusions  unless  other  factors  were  con- 
sidered besides  the  elasticity  of  the  material.  It  seems 
improbable  that  the  actual  stresses  due  to  internal  pres- 
sure in  the  drum  could  be  materially  different  at  the 
seams  and  at  oilier  parts  of  the  drum,  unless  the  drum 
liajjpened  to  be  deformed  at  the  seam  so  as  to  produce 
such  a  result. 

The  authors  said  that  arrangements  were  being  made 
to  repeat  these  experiments  on  drums  of  simpler  design, 
so  as  to  make  less  complicated  the  comparison  of  results 
obtained  with  tiiose  which  should  be  theoretically  ex- 
pected. 
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<]'\OPSIS — The  evolution  of  a  furnace  f^uifahlr  for 
I li/li-volatile  coals  from  the  McGiiinis,  Guliclison  and 
inh rick-inclosed  furnaces. 

After  using  steam  jets,  the  next  step  in  tlie  attempt 
n  l^cep  down  smoke  in  the  furnace  of  a  tubuUir  boiler  was 
n  I  mild  an  arch  over  tlie  combustion  chamber  back  of 
he  bridge-wall,  somewhat  as  shown  in  Fig.  1.     In  con- 


aection  with  the  steam  jets  the  arch  was  an  improvement 
IS  it  broke  up  the  gases  and  mixed  them  to  a  certain  ex- 
tent. However,  this  design  lacked  several  essential  fea- 
tures of  a  successful  furnace,  the  principal  ol)jection  be- 


FiG.   1. 


Returx-Tubular   with   Sixgle-Spax 
Deflectiox  Arch 


Fig.  2.  McGixxis  Arches  ix  Froxt  and  Back  op- 
Bridge-Wall 

ing  that  it  did  not  provide  sufficient  temperature  at  the 
point  of  mixture.  The  heat  absorption  into  the  boiler 
was  sufficient  to  reduce  the  gas  temperature  to  such  an 
extent  as  to  impair  combustion  of  the  volatile  matter. 

\n  elaboration  of  this  design  was  the  old  so  called 
Mc(iinnis  arch  setting,  which  was  in  quite  common  use 
15  years  ago.  This  consisted  of  two  arches,  one  back  of 
the  bri(lji;e-wall  and  another  over  the  grates  in  front 
of  the  bridge-wall,  as  in  Fig.  2.  This  was  an  improve- 
ment over  the  former  setting,  because  the  gases  were 
mixed  more  thoroughly  and  the  setting  gave  good  service 

•Copyrighted,   1914,  Osborn  Monnett. 
tSmoke  Inspector,  city  of  Chicago. 


until  smoke  began  to  be  read  more  closely.  A  peculiarity 
of  the  setting  is  that  the  gases  passing  under  the  front 
arch  must  make  one  turn  upward  over  the  bridge-w^all, 
another  turn  along  the  shell  and  then  come  in  contact 
with  the  back  arch,  where  another  change  in  direction 
occurs.  This  w'ill  be  apparent  from  an  inspection  of  Fig. 
2.  Given  careful  attention,  with  a  judicious  use  of  the 
steam  jets,  this  setting,  while  not  considered  in  any 
sense  modern,  will  give  fairly  good  results.  The  same  ob- 
jection as  to  temperature  of  gases  exists  and  detracts  from 
its  efficiency. 

Another  setting  popular  in  the  Middle  West  from  1885 
to  1!)07  was  the  Gulickson,  shown  in  Fig.  3.  This  con- 
sisted of  a  double  arch  over  the  bridge-wall  with  another 
single-span  arch  back  of  the  bridge-wall.  This  construc- 
tion split  up  the  gases  as  they  passed  over  the  bridge- 
's\all  and  to  some  extent  mixed  them  at  the  second  arch, 
ilodifications  of  the  above  designs  were  made  without 
number  in  an  attempt  to  satisfy  the  public  in  the  mat- 
ter of  smoke  suppression.  These  attempts  embraced  vari- 
ous  designs   of   so  called   pigeonhole   bridge-walls,   wing 


Fig.  3.     The  Oulicksox   Settixg 

walls.  ])iers,  perforated  drop  arches,  bullvheads,  etc.,  but 
in  nearly  every  case  one  or  more  of  the  essential  features 
of  a  successful  furnace  were  missing.  All  of  the  above 
settings  were  in  use  up  to  about  1!'07,  when  the  subject 
was  taken  up  seriously  in  Chicago  by  the  Department  of 
Smoke  Inspection  as  at  i)resent  organized. 

FiREBRICK-IXCLOSED    FuRXACES 

The  best  authorities  at  this  time  advised  surrounding 
the  fire  by  brickwork  and  thus  maintain  a  high  tempera- 
liHc  to  increase  the  ignition  and  ])rovide  a  long-flame 
tia\c'l  during  which  condiustion  could  be  made  complete 
bcfdie  the  gases  came  into  contact  with  the  heating  sur- 
face. \  number  of  firebrick-inclosed  furnaces  of  the 
diitcli-oven  type  were  built,  some  full  extension  and 
some  half  extension,  but  the  majority  were  flush  front, 
as  shown  in  Fig.  4.  At  first  they  were  built  without  and 
later  with  a  slight  drop  arch  behind  the  bridge-wall. 
Tliese  settings  were  not  satisfactory,  but  furnished  the 
information  which  led  to  the  ])resent  ideas  on  hand-fired 
furnaces.  With  these  dutch-oven  settings  the  initial  ex- 
pense was  high  ami  a  great  deal  of  (be  jieatiiig  surface 
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in  the  shell  was  covered  up.  with  consequent  loss  of  ca- 
pacity and  etBciency,  and  the  settings  proved  to  be  diffi- 
cult to  run  witliout  dense  smoke.  It  soon  developed  that 
mere  flame  travel  in  hand-fired  furnaces  was  not  suffi- 
cient to  produce  good  combustion.  It  was  shown  that 
even  where  the  path  of  the  gases  from  the  grates  to  the 
heating  surface  was  excessive,  if  there  were  not  in  this 
path  some  form  of  mixing  arrangement  that  would  ab- 
ruptly change  the  direction  of  the  gases  and  bring  them 
into  intimate  contact,  a  stratification  would  take  place 
and  smoke  would  be  made.  The  deflection  arches  as  then 
built  were  high  and  accomplished  imperfectly  the  result 
sought.  They  were  afterward  biiilt  lower  and  lower  to 
get  more  positive  mixture,  but  still  there  was  smoke. 

The  radiating  effect  from  an  intensely  hot  arch  over 
tlie  fire  distilled  the  volatile  matter  from  the  fuel  more 
rapidly  than  it  could  be  mixed  with  air  and  consumed 
in  the  furnace.  In  fact,  the  furnace  had  a  "muffle  oven" 
effect  and  puff's  of  dense  smoke  were  made  in  spite  of  the 
greatest  care  in  operation.  Finally,  when  it  Ijecame  evi- 
dent that  the  furnace  was  not  adapted  to  high-volatile 
coals,  the  arches  over  the  fire  were  removed  to  reduce  the 
temperature  of  ignition  with  a  consequent  reduction  in 
the  rapidity  of  distillation  of  the  volatile  matter.  This 
resulted  in  a  construction  similar  to  that  shown  in  Fig. 
5,  which  is  known  as  the  Department  No.  4  furnace,  con- 
sisting of  an  arch  sprung  over  the  bridge-wall  and  ex- 
tending back  some  3  ft.,  with  a  deflection  arch  to  mix  the 
gases.  This  furnace  increased  the  heat  absorption  into 
tlie  boiler  by  direct  radiation  from  the  fire ;  decreased  the 
rapidity  of  distillation  of  the  voI:itile  matter  by  reducing 
the  igniting  effect  and  resulted  in  a  furnace  much  easier 
to  run  without  smoke.  A  few  dutch-oven  furnaces 
equipped  with  special  air  admission  have  survived.    They 


TurM 


Fig.  4.  Firebrick-Ixclosed  Fcrxace  with  Sixgle- 
Spax  Deflectiox  Arch 

generally  burn  a  picked  egg  coal  and  with  careful  at- 
tention to  the  air  supply  have  succeeded  in  running  clean. 

Theory  of  the  "Cool"  Fi-rxace 

Experiences  with  the  Xo.  4  furnace  and  those  that 
came  after  it  gradually  developed  the  theory  upon  which 
is  founded  the  design  of  modern  hand-fired  furnaces  as 
used  by  the  Chicago  Smoke  Department  for  high-volatile 
coals.  It  became  evident  that  ignition  was  not  necessary 
to  burn  this  kind  of  coal;  draft  was  the  main  essential. 
As  evidence  of  this,  a  locomotive  with  a  plain  firebox 
without  a  brick  arch  can  burn  with  ease  100  lb.  of  coal 
per  square  foot  of  grate  surface  per  hour  without  any 


ignition  except  that  furnished  by  the  fire  itself,  because  i 
the  draft  is  adequate  for  the  purpose. 

In  the  next  place,  it  was  found  that  a  "cool"  furnace' 
(one  having  direct  radiation  from  the  fire  to  the  heating! 
surface)  not  only  increased  efficiency  and  capacity  by  in- 
creasing heat  absorption,  but  reduced  the  liability  to' 
dense  smoke  because  the  volume  of  volatile  passing  off 
was  at  no  time  in  excess  nf  the  capacity  of  the  furnace  ti 


Fig.   5.   Single-Arch   Bkidgf,-Wall   Furnace  with 
Single-Span  Deflection  Arch  (Xo.  4  Furnace) 

take  care  of  it.  All  that  was  necessary  then  was  to  pro- 
vide a  zone  of  high  temperature  back  of  the  bridge-wall 
which  would  maintain  the  gases  at  or  above  the  igniting 
temperature ;  then  provide  a  deflection  arch  against  which 
the  gases  would  impinge  at  this  high  temperature,  and 
finally,  provide  air  admission  over  the  fire  in  sufficient 
quantity  to  mix  in  the  high-temperature  zone  with  the 
volatile  gases  and  furnish  the  necessary  oxygen  for  com- 
plete combustion.  As  from  30  to  35  per  cent,  of  the 
weight  of  the  fuel  is  in  the  form  of  volatile  gases,  the 
air  necessary  to  form  a  proper  mixture  must  be  admitted 
over  the  fire.  With  the  ordinary  drafts  encountered  in 
stationary  practice,  it  has  been  repeatedly  demonstrated 
that  it  is  impossible  to  draw  sufficient  air  through  tlie 
grates  to  completely  burn  the  volatile  matter.  The  term 
"excess  air"  ordinarily  applied  to  air  being  admitted  over 
the  fire,  is  not  in  any  sense  in  excess  of  the  air  required 
to  burn  the  fuel,  as  it  must  be  remembered  that  a  large 
proportion  of  the  fuel  is  in  the  escaping  gases  and  it 
must  have  this  air  to  be  completely  consumed. 

steam  Pipes  as  Lif^htning  Conductors — CaUing  attention  t. 
the  splendid  set  of  conductors  for  lightning  protection  that  ' 
the  steam  pipes  of  a  heating  system  afford  the  "Scientific 
American"  suggests  that  they  be  made  use  of  for  this  purpose. 
Under  ordinary  conditions  the  lightning  cannot  reach  these 
pipes  until  it  has  punctured  and  probably  set  fire  to  the  roof 
oi  sidewalls,  and  the  writer  declares  that  he  has  seen  many 
buildings  damaged  in  this  way.  It  is.  therefore,  proposed  that 
several  pieces  of  pipe  be  extended  up  through  the  roof  from 
the  top   floor  radiators  and  capped  at  the  ends 

Cost  of  steam — In  a  report  of  the  recent  meeting  of  the 
Ohio  Society  of  Mechanical,  Electrical  and  Steam  Engineers 
we  said  that  A.  C.  Rogers,  superintendent  of  heating  of  the 
Toledo  Ry.  &  Light  Co.,  questioned  a  statement  made  by  F. 
W.  Ballard,  chief  engineer  of  the  municipal  electric-light 
plant  at  Cleveland  at  a  previous  meeting,  that  they  were 
making  1000  lb.  of  steam  for  10c. ,  which  would  hardly  pay 
the  coal  cost.  Mr.  Ballard  e.\plained  that  the  10c.  per  1000  lb, 
of  steam  given  in  the  discussion,  to  which  exception  is  taken, 
is  the  value  of  the  s.aving  which  would  be  made  under  certain 
conditions,  this  saving  to  be  figured  very  conservatively.  As 
a  matter  of  fact,  10c.  per  1000  lb.  of  steam  is  generally  used  in 
capitalization  of  saving,  due  to  efficiency,  when  purchasing 
machinery,  such  as  steam  turbines,  etc.,  as  this  is  practically 
the  value  of  the  steam  figure  in  cost  of  coal  for  its  generation. 
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First  PacEiSc-BafliM  Diesel  SSiip 


By  C.  a.  Osier 


The  "Warrior,"  shown  in  Fig.  1,  has  the  distinction 
of  being  the  first  Diesel  engine  ship  to  be  built  on  the 
Pacific  coast.  Constructed  at  the  yards  of  Nilson  & 
Kelez  of  Seattle,  for  the  cannery  trade,  it  has  a  length 
of  87  ft.,  17-ft.  beam  and  7-ft.  draft,  and  is  propelled 
by  a  four-cylinder,  120-horsepower,  four-stroke-cycle, 
"Nlseo"*  Diesel  engine. 

In  addition  to  the  main  unit,  there  is  a  four-cylinder, 
12-horsepo\ver  engine  for  driving  the  dynamo,  auxiliary 
pumps  and  small  compressor,  and  a  9-horsepo\ver  hoist- 
ing engine  on  the  after  deck.  A  steam-heating  plant 
burning  coal  supplies  steam  for  heating. 

The  two-stage  compressor  working  on  the  forward  end 
of  the  main  shaft  supplies  the  compressed  air  for  spray- 
ing the  fuel  into  the  cylinders  and  for  charging  the  start- 
ing air  flasks.  The  small  auxiliary  compressor  is  for 
use  in  emergency  only. 

The  air  piping  is  of  seamless  copper  tubing  and  the 
joints  are  not  only  screw  threaded,  but  soldered  to  make 
them  absolutely  air-tight.  The  air-control  valves  are 
placed  in  a  horizontal  line  across  the  after  end  of  the 
engine,  directly  in  front  of  the  engineer's  stand  so  that 
the  entire  system  may  be  handled  from  that  point.  Tlic 
small  throttle  valve  is  also  located  at  this  point  and  the 
four  small  globe  valves  which  regulate  the  supply  of  fuel 
oil  to  the  atomizers  at  each  cylinder  are  within  easy 
reach. 

A  flywheel  governor  is  employed  controlling  the  suc- 
tion valve  of  the  fuel  pump.  For  running  at  reduced 
speed  a   hand   control   is   employed.     A  balancing  valve 


Fig.  1.     "\V.\i;i(i()i;"  ox  Ti;i.\i,  Tiiii' 


-  the  oil  at  constant  pressure  and  allows  any  excess 

>■  drained  hack  to  the  supi)iy  tank,  which  holds  about 

seven  gallons,  and  receives  the  oil  from  tlie  main  tanks 

through  a  small  rotary  pum]),  belt-driven  from  the  main 

engine. 


The  exhaust  gases  are  led  from  the  exhaust  manifold 
along  the  up]ier  port  side  of  the  engine  and  out  through 
a  well  lagged  exhaust  pipe  into  the  stack.  Too  much 
fuel  oil  fed  to  the  cylinders  quickly  shows  in  a  smoky 
exhaust,  but  the  reg-a.atinn  of  this  oil  till  there  is  an  al- 
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most  imperceptible  vnpor  Irom  the  stack  has  been  found 
easy. 

Lubrication  of  the  engine  is  accomplished  from  two 
large  Detroit  lubricators,  from  several  independent  oil 
cups  and  from  the  usual  grease  cups,  the  latter  being 
used  principally  on  the  camshaft  bearings  and  rocker- 
arm  pins.  A  very  light  gas-engine  oil  is  used  in  the 
cylinders. 

The  lubricators  are  filled  from  bent  coiiper  piping  com- 
ing up  through  the  floor  of  the  engine  room,  and  supplied 
from  a  65-gallon  tank  mounted  above  the  lockers  on  the 
starboard  side.  This  method  of  filling  eliminates  the 
usual  slopping  of  oil  when  the  tanks  are  replenished  dur- 
ing rough  weather.  The  circulating  water  for  the  en- 
gine is  supplied  by  a  centrifugal  pump  driven  by  the  fly- 
wheel. 

The  most  interesting  part  of  (lie  "Wnrrior's"  ]icrforni- 
arice,  however,  is  contained  in  the  record  of  her  trial  runs. 
showing  the  economy  of  the  Diesel  type  of  engine.  Tlir 
craft  o]ierates  on  Star  fuel  oil,  and  the  tanks  have  a  <a- 
jiacity  of  l-lOO  gallons.  The  i)rice  of  Star  oil  in  Seallle 
is  ■„'"/!  cents  per  gallon  or  $1.15  per  barrel  containing  42 
gallons. 

The  trials  showed  a  fuel  consumiition  of  (li/j.  gallons 
])er  hour,  which  with  the  tanks  filled  will  permit  224 
hours'  running.  At  a  speed  of  10.3  knots  or  11.85  miles 
]ier  hour,  which  was  attained  on  the  trial  trip,  the  vessel 
will  have  a  cruising  radius  of  2065  miles  at  a  total  cost  of 
$38.50.  This  figures  about  1%  cents  per  mile — a  most 
creditable   showing. 
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SYNOPSIS — This  cinder  has  a  relatively  high  heat 
value,  but,  owing  to  the  absence  of  volatile  matter,  it  is 
(difficult  to  ignite.  Attempts  have  been  made  to  burn  it, 
mixed  with  coal  in  an  ordinary  furnace,  bid  without 
much  success,'  The  Pluto  stoker  seems  especially  adapted 
to  this  fuel,  as  is  shown  by 'the  test  figures  given. 

The  Titilization  of  cinder  from  the  smoke  boxes  of  lo- 
comotives is  a  problem  which  has  received  much  thought. 
This- cinder  has  a  heat  value  of  between  6300  and  8100 
B.t.u.  per  pound,  and  is  mostly  in  the  form  of  dust  par- 
ticles which  have  been  drawn  through  the  tubes  by  the 
strong  draft  and  though  subjected  to  combustion  in  the 
firebox  have  not  been  fully  burned,  but  instead  only 
coked.  The  stronger  the  draft  and  the  higher  the  grate 
duty,  the  more  are  such  particles  carried  througli  and 
the  less  are  tliey  burned. 

The  comparatively  high  heat  value  of  the  cinder 
prompts  the  desire  to  use  it  again  under  stationary  boil- 
ers, although  efforts  to  this  end  have  in  the  past  met  with 
little  success.  Through  lack  of  the  volatile  element  it 
could  not  be  ignited  readily,  and  its  limit  of  usefulness 
was  thus  narrowed  to  adding  a  part  of  it  to  the  usual 
fuel.  Even  then  it  was  found  that  a  large  part  of  the 
cindej  appeared  in  the  refuse  from  the  furnace,  inasmuch 
as  such  an  addition  to  a  volatile  coal  did  not  suffice  to 
yield  a  temperature  high  enough  for  ignition.  Doing  so 
with  natural  draft  is  entirely  out  of  the  question ;  forced 
draft  must  be  used. 

The  first  successes  in  this  line  were  attained  with  the 
forced-draft,  closed-ashpit  type  of  furnace,  such  as  the 
Ludlicz  and  Kridlo  designs.  These,  however,  have  the 
disadvantage  that  the  firing,  cleaning  and  removal  of 
clinker  must  be  done  by  hand,  resulting  in  material  losses 
due  to  frequently  opening  the  doors;  especially  as  the 
fire  has  to  be  almost  unceasingly  worked  to  maintain 
combustion,  which,  even  with  forced  draft,  is  poor  and 
much  of  the  cinder  is  carried  off  as  flue  dust.  Further- 
more, to  be  able  at  all  to  burn  this  cinder,  the  dust  part 
must  be  sifted  out,  thus  utilizing  only  the  more  definitely 
granulated  remainder  and  necessitating  special  appli- 
ances. 

In  efforts  to  burn  this  cinder  mechanically  without  the 
admixture  of  a  high-volatile  coal,  arches  and  different 
grates  were  tried,  but  they  were  unproductive  of  favor- 
able results.  At  the  most,  only  about  40  per  cent,  of 
the  cinder  could  be  burned  in  combination  with  coal. 

Quite  recently,  exhaustive  tests  were  made,  using  a 
forced-draft  "PJuto"  stoker,  as  that  furnace  had  already 
shown  success  in  the  burning  of  fuel  relatively  low  in 
volatile  content,  such  as  coke  cinder,  anthracite  dust  and 
the  like.  The  main  feature  of  this  stoker  is  the  back- 
and-forth  moving  hollow-grate  bars,  which  serve  as  air 
ducts,  the  air  being  blo%vn  through  the  slots  in  the  upper 
surfaces.  As  this  air,  in  its  passage  through  the  hot, 
hollow  bars  is  preheated,  favoralile  combustion  results 
without  impaii-ment  of  the  ignition  temperature  through 
the  influx  of  cold  air. 

•Translated   and  abstracted  from   an   article   by  O.   Nerger 
in  "Zeitschrift  des  Vereines  Deutscher  Ingenieure." 
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However,  it  was  seen  in  advance  that  this  stoker,  taken 
as  it  was,  could  not  be  used  for  the  burning  of  locomotive 
cinder.  Among  other  things,  in  spite  of  the  opposed 
movements  of  adjacent  grate  bars,  the  cinder  showed 
a  tendency  to  bake  fast  and  hinder  the  passage  of  the 
fuel  across  the  grate.  Furthermore,  this  baking  impeded 
the  free  egress  of  air  from  the  interior  of  the  bars  to^ 
the  burning  fuel  and  as  a  result  the  cinder  could  not  be 
fully  consumed.  Better  results  were  ultimately  obtained 
through  slight  changes,  the  principal  improvement  be- 
ing brought  about  by  the  introduction  of  steam  into  the- 
hollow  grate  bars.  The  clinker  did  not  attach  itself  to 
the  bars,  the  passage  of  the  fuel  across  the  grate  was  bet- 
ter, a  more  rapid  rate  of  combustion  was  attained  and  less 
combustible  remained  unconsumed. 

It  was  thus  demonstrated  that  firing  with  locomotive 
cinder,  unmixed  with  coal,  is  not  only  possible  with  a 
"Pluto"  stoker,  but  that  it  can  be  made  to  yield  a  com- 
paratively good  efficiency.  The  higher  temperature  re- 
quired for  ignition  is  accomplished  in  this  case  by  means 
of  a  fire  arch  which  diverts  the  ilame  back  toward  the 
front  of  the  grate;  this  is  installed  close  to  the  grate  and 
at  an  angle  to  it.  Therefore,  the  course  of  the  flame  is 
from  back  to  front,  exerting  a  radiating  effect  on  the 
fuel  entering  on  the  grate,  thus  tending  to  produce  igni- 
tion in  the  initial  zone  of  the  stoker  area.  The  follow- 
ing data  were  obtained  from  a  test  on  this  stoker  with 
locomotive  smokebox  cinder : 

RESULTS  OP  TEST 

Duration   of   test,    hours 3 

Type    of   boiler Water  tube 

Heating  surface,  square  feet 1345 

Grate   surface,   square   feet 63.6 

Kind  of  fuel Unsifted  locomotive  smokebox  cinder 

Heat  value,  B.t.u.,  per  lb 7324 

Fuel  fired  per  hour,  per  sq.ft.  of  grate  surface,  lb.  19.5 

Water   evaporated    per    hr..    per    sq.ft.    of   heating 

surface,   lb 

Water    evaporated    per    hr.,    per    sq.ft.    of    heating 

surface,  from  and  at  212  deg.,  lb 

Gage  pressure,   lb 

Flue-gas    temperature,    at    boiler,    deg 

Temperature  of  the  air  for  combustion 

Draft  in  inches  of  water: 

At    the    furnace 

At    the    fiue 

Pressure  in  the  grate  bars 

COo,    per    cent 

CO,    per    cent 

C.    per   cent 

Evaporation  per  lb.  of  fuel: 

.As    tested     

From  and   at   212  deg 

Heat  balance,   per  cent.: 

Available    from    the    boiler 

Lost   in   vi'aste    gases 

Losses  through  radiation,  unconsumed  fuel,  etc. 

It  will  be  seen  from  the  foregoing  results  that  quite  a 
high  grate  duty  can  be  obtained  from  locomotive  smoke- 
box cinder  if  it  is  ])roperly  burned.  The  COg  percentage 
of  9  permitted  the  maintenance  of  a  favorable  air  excess. 
The  flue  temperature  was  relatively  high,  but  that  was  a 
matter  of  boiler  construction  and  the  heat  carried  off  by 
the  waste  gases  could  thus  have  been  materially  lessened 
by  a  more  suitable  design.  The  ash  was  well  burned  out 
and  contained  only  traces  of  combustible  matter. 

In  considering  this  form  of  fuel  the  following  points 
must  be  regarded :  Either  a  chain  grate  is  to  be  de- 
cided on,  using  a  definite  part  of  cinder  in  combination 
with  coal  or  there  must  be  used  a  furnace  especially 
adapted  to  the  burning  of  cinder  only.     The  installation^ 
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costs   of  :i   "riuto"   stoker   are   liiglier   than   of   a   chain 
grate,  particularly  as  it  requires  forced  draft. 

For  the  case  in  hand,  let  it  be  supposed  that  20.000,000 
heat  units  per  hour  are  being  utilized  for  power  purposes 
for  300  working  days  of  13  hr.  each.  The  coal  will  be 
assumed  as  costing  $1.G7  per  ton  of  2000  lb.  at  the  boiler 
house;  the  price  for  the  locomotive  cinder  being  placed 
by  the  railway  management  at  about  $0.63.  The  heat 
value  of  the  coal  is  10,800  B.t.u.,  and  for  the  cinder  an 


CASE  3.      Locomotive  cinder  only: 

Assumed    boiler   efficiency    per   cent 

Heat  value  of  cinder  fuel,  B.t.u.  per  lb 

Cost  of  cinder  fuel  per  ton 

Fuel    required    to    yield    20,000.000    B.t.u.    hourly 

Hourly  Vo'sV  of'  fiiei  "i"  'i  'x'  Vo'.65 ! '.'.'..'...'..'.'.'.'.'. 


Fig.  1  is  a  good  idea  of  the  operating  mechanism  of 
the  Anderson  safety  water  column.  The  parts  are  as- 
sembled in  the  removable  hanger  frame  A  and  pivoted  at 
H,  G  and  J;  the  pins  are  held  in  place  by  the  set- 
screws  J  and  N.  The  hanger  frame  is  secured  to  the  in- 
terior of  the  water  column. 

With  high  water  in  the  boiler  the  float  D  rises  until 
it  comes  in  contact  with  the  top  lever  B, 
which  causes  the  whistle-valve  rod  A'  to  drop 
and  the  valve  to  open  with  the  downward 
movement  of  F.     At   low   water,   the  float 


Fig.  1.     Oi'Kii.vTiNG  Mechaxi.sm  of 

THE  AVaTEK   CoLUMX 


Sediment  Chamber  Drain 
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average  of  7000  B.t.u.  is  assumed  and  the  cost  dctorniina- 
tion  is  made  for  three  different  cases. 

CASE  1.     Chain  prate,  burning  coal  only; 

Etnciency  of  the   boiler  plant,   per  cent ,,,„!„ 

Heat  value  of  the  coal,  B.t.u.   per  lb 10,800 

Cost  of  fuel  per  ton  of  2000  lb fl.hT 

Fuel    re(|iiired    to    yield    20,000.000    hourly    B.t.u. 

^        20,000,000         2„^^    ,„ 

0.7    X    lOROn  ,    , 

=    tons   of    2000    lb .-,  ;.i- ■  •  .IL 

Consequent  hourly  cost  of  fuel   =    1.3    X    $1  IT   =  »z.w 
CASE    2.      Chain    Krate    burnlnff    coal    mixed    with 
10   per  cent,   of  locomotive  cinder: 

POicienry   of   installation,   per   cent B6 

Heat  value  of  fuel  mixture.  B.  t.  u.  per  lb 9.5Sn 

Cost  of  fuel  mixture  per  ton  of  2000  lb 51  .Jh 

Fuel    required    to    vleld    20.000.000    hourly    B.t.u. 

20.000,000  ^  ,,,,   1^ 

~    0.65    X    ftSSO I    ^_ 

Consequent'  hourly  cost  of' fuel '=■  1.6    X    »1.26...  »2,01 


falls  and.  coming  in  contact  with  the  lever  V ,  opens  the 
whistle  valve,  through  the  lever  E. 

\  .section  view.  Fig.  2,  of  this  water  column,  which  is 
made  by  the  Y.  D.  .\nderson  Co.,  West  Ninety-sixth 
St.,  Cleveland.  Ohio,  shows  tlie  sediment  chamber  at  the 
bottom. 

Fig.  3  is  a  pliantom  view  of  tlie  vertical  steam  sep- 
iiralor  also  made  l)y  this  company.  It  consists  of  a  shell, 
wifli  the  mouth  of  the  outlet  about  midway  of  the  body, 
ft  has  a  disk  at  the  top  of  the  same  diameter  as  tlio 
spiral  baffles,  wliich  are  arranged  above  the  outlet  and 
around  the  bell-siiaped  deflecting  jiiece  shown. 

Steam  entering  at  the  top  of  the  separator  and  imping- 
ing on  tlio  baffles,  is  given  a  spiral  movement  and,  passing 
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around  tlie  edges  of  the  bell  center,  escapes  throiigh  tlie 
outlet  at  the  bottom  of  the  main  body.  All  moisture 
sojiarated  from  the  steam  drojis  from  the  baffles  to  the 
chamber  at  the  bottom  of  the  separator  and  is  discharged 
through   tin'  outlet  shown. 

By  II.  A.  Gibson 
A  pump  that  had  been  runnmg  nicely  tor  a  inng  iinie, 
the  valves  in  both  the  steam  and  the  water  ends  ])eing  in 
good  condition,  suddenly  developed  a  kick  at  the  begin- 
ning of  each  stroke.  The  pump  was  taken  down  from  one 
end  to  the  other,  in  an  effort  to  find  the  trouble.  Then 
it  was  repacked,  the  setting  of  the  steam  valves  was  ascer- 

__.  .stuffing  5o.<,^^„,^,^,^     Muffins  S°- 


FIG.l  F1&.2  FIG.S 

'Kv.x;,  AVoEN  AND  Reixforceu  Pump  Stuffing-Box 

taincd  to  be  correct,  and  the  water  valves  were  carefully 
gone  over.  When  the  pump  was  again  started  up,  how- 
ever, the  kick  w-as  still  there. 

Someone  suggested  taking  down  the  suction  pipe;  it 
might  be  obstructed,  thus  preventing  the  usual  flow  of 
water.  This  was  done,  beginning  at  the  pump  and  work- 
ing back  toward  the  heater.  At  a  point  not  far  from  the 
])ump,  v.i-.ere  the  suction  pipe  turned  down  through  the 
floor,  a  wad  of  excelsior  was  found  lodged  in  the  ell.  In 
some  manner  the  excelsior  was  dislodged  from  the  feed- 
water-heater  filter,  and  although  the  wad  was  only  large 
enough  to  partially  obstruct  the  suction  pipe,  it  could 
not  make  the  turn  at  the  ell.  Its  removal  from  the  line 
eliminated  the  trouble. 

The  boiler-feed  pumps  in  the  same  plant  are  of  the 
outside-packed,  plunger  type.  After  several  years'  use, 
one  of  them  gradually  developed  a  tendency  to  stick  at 
the  beginning  of  each  stroke  and  refuse  to  start  until 
more  steam  was  turned  on ;  it  was  particularly  trouble- 
some when  the  pump  was  working  slowly.  Under  this 
condition,  with  the  steam  throttled  to  produce  a  slow  ac- 
tion of  the  pump,  it  became  practically  impossible  to  reg- 
ulate the  speed — a  case  of  either  too  much  speed  or  no 
action  at  all.  The  indications  pointed  toward  troublesome 
packing,  so  the  stuffing-boxes  were  repacked.  The  pump 
A\-orked  smoothly  for  a  time,  then  the  old  trouble  returned 
and  things  were  soon  as  bad  as  ever. 

An  examination  disclosed  that,  due  to  several  vcars  of 
Tise,  the  plungers  were  so  worn  tliat  the  clearance  space 
between  the  bottom  of  the  stufl3ng-box  and  the  plunger 
was  eiilarged.  A  consideration  of  the  drawings  will  show 
the  effect  on  the  packing  of  this  enlarged  space. 

Fig.  1  represents  a  sectional  end  view  of  the  jilunger 
and  the  stuffing-box  of  a  new  pump ;  Pig.  2,  that  of  the 
same  pump  after  the  plunger  has  been  reduced  in  size  by 
wear.  In  Fig.  1,  the  plunger  clearance  space  is  at  a  min- 
imum ;  therefore,  the  edge  of  the  packing  next  to  the 
pluncer  has  but  little  opportunity  to  become  wedged  in 
the  clearance  space.    In  Fig.  3,  a  different  condition  pre- 


\ails.  With  the  increased  clearance  space,  there  is  less 
backing  in  the  end  of  the  stuffing-box  for  the  packing. 
The  edge  of  the  packing  next  to  the  plunger  is  subject  to 
a  continual  back-and-forth  motion  wliich  tends  to  shorten 
its  life,  the  packing  soon  breaks,  and  the  pieces  become 
\\cdged  in  the  clearance  space. 

A  remedy  was  effected  by  introducing  babbitt  rings 
into  the  stuffing-box  before  any  packing  was  put  in.  Fig. 
.'5.  The  rings  were  cast  solid,  the  proper  size  for  each 
I  ox  being  found  by  measuring  the  outside  of  the  plunger 
and  the  inside  of  the  stuffing-box.  It  was  necessary  to 
take  out  the  plunger  to  get  the  rings  in  place. 

This  method  of  treatment  saved  the  expense  of  a  new 
set  of  plungers  and  provided  the  equivalent  of  a  new 
stuffing-box.  Since  the  installation  of  the  rings,  the 
1  ump  has  given  no  trouble.  The  life  of  the  packing  has 
been  greatly  lengthened,  a  saving  in  that  item  and  a  con- 
sequent decrease  iu  the  time  consumed  in  keeping  the 
jainip  in  repair. 


A  self-adjusting  wrencli  whic-h  fits  any  size  of  nut 
within  its  capacity  is  illustrated  herewith.  In  operation, 
tlie  jaws  are  placed  over  the  nut  or  pipe  and  a  pull  on  the 
handle  forces  tiiem  to  grip  the  object;  the  harder  the  pull. 
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the  more  forceful  the  grip.  The  jaws  are  released  by 
]iushing  the  handle  iu  the  opposite  direction.  This 
wrench  has  an  instantaneous  release  and  does  not  round 
the  corner  of  the  nut.  On  account  of  the  handle  being 
reversible,  the  wrench  made  by  A.  C.  Allan,  430  We.st 
Sixty-third  Street,  Chicago,  111.,  is  handy  for  use  in 
close  quarters. 

It  is  made  in  practically  three  parts,  the  handle  and 
two  jaws.  When  the  handle  is  pulled,  the  jaws  are  forced 
together,  the  pin  acting  aa  a  fulcrum.  A  rever.se  move- 
ment of  the  handle  gives  an  opiiosite  movement  of  the  jaws. . 
The  curved  slot  gives  different  adjustments. 
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Some  think  the  ahove  two  vvonls  have  no  place  toiijether 
Others  would  take  it  that  the  first  qualifies  the  seeuiul. 
like  "near  silk" — sort  of  an  imitation  of  the  genuine 
article.  While  either  view  might  have  been  justified 
in  bygone  days,  we  mark  with  satisfaction  the  increasing 
frequency  with  which  the  real  thing  is  being  found  in 
business.  Old  as  is  the  precept,  "Honesty  is  the  best  pol- 
icy," it  was  wont  to  be  quoted  with  mental  reservations, 
and,  like  affected  piety,  used  where  it  might  make  an  im- 
pression on  the  ingenuous.  Xow,  more  and  more,  people 
are  realizing  that  instead  of  being  merely  a  pretty  copy- 
book maxim,  it  really  means  something.  Soon,  it  is  to 
be  hoped,  instances  like  the  following  will  be  too  common 
to  occasion  comment : 

An  engineer  wanted  a  ])ump  to  deliver  against  a  high 
head,  where  the  comliination  of  conditions  was  rather 
peciiliar.  He  had  about  decided  on  a  certain  type  which 
he  had  selected  from  a  manufacturer's  catalog,  but, 
wanting  a  little  more  data  before  buying,  wrote  the  man- 
ufacturers, stating  the  conditions  in  his  plant  quite  fully. 

To  his  surprise,  the  manufacturers  replied  that  al- 
though their  pump  would  do  the  work,  it  was  not  as  well 
adapted  to  it  as  a  pump  of  different  type  manufactured 
by  a  competing  company.  Although  their  pump  cost  less 
and  was  smaller,  it  was  not  efficient  enough  for  the  high 
head  required,  and  cliey  therefore  preferred  to  let  the 
competitor  have  the  business. 

Without  doubt  this  is  the  proper  spirit  and  it  i?  Le- 
ing  displayed  more  an'i  more  by  machine  n.akers.  In 
many  instances  big  manufacturers  arc  using  competitors' 
machines  themselves  to  perform  ccrtiiiu  work  more  effi- 
ciently than  would  be  possible  with  their  own  type,  for 
it  is  evident  that,  unless  two  machines  ara  as  much  alike 
as  two  peas  in  a  pod,  one  will  have  advantages  over 
the  other  under  conditions  for  which  it  was  expressly 
made. 

Users  of  power-plant  niacliinory  should  realize  and 
take  advantage  of  this  modern  honesty.  The  manufactur- 
ers wasit  customers  to  know  that  they  are  honest,  but 
customers  arc  prone  to  diftnist  tlioni,  because  the  oLl 
custom  was  to  do  almost  anything  to  get  business.  Bar- 
num,  for  instance,  admitted  it ;  today  even  the  circus  ad- 
vertisements are  mainly  true. 

When  one  wants  to  buy  a  machin,  for  any  purjiose 
whatever,  and  is  at  all  doubtful  about  the  outcome  of 
his  selection,  he  need  not  hesitate  to  write  to  as  many 
manufacturers  as  lie  will.  Big,  reliable  concerns  in- 
struct their  engineering  correspondents  to  be  frank.  They 
can  hardly  afford  to  make  unwarranted  installations  and 
ruin  or  jcojiardize  their  names.  Much  less  can  a  small 
v-onecrn  afford  to  be  tricky.  It  would  have  a  mighty  hnrd 
climb  nowadays  if  some  of  its  first  installations  were  in- 
efficient or  failures.  All  manufacturers  like  to  point  with 
pride  at  all  of  their  machines  that  arc  in  use. 

llanufacturers,  as  a  nde,  arc  ready  to  give  th"ir  best 
advice   to   prospective    purcliasers.      They    employ    engi- 


neers who  know,  and  if  these  engineers  know  that  the 
prospect  is  on  the  wrong  path,  they  will  usually  guide 
him  aright,  as  in  the  example  mentioned. 

It  is  safer  to  depend  on  the  manufacturer,  even  though 
a  stranger,  than  to  rely  entirely  on  one's  own  judgment. 

S^siaplaim^ 

For  eight  or  ten  years  many  large  consumers  have 
bought  coal  on  what  the  dealers  call  a  "scientific"  basis, 
the  coal  l:)eing  specified  to  contain  not  less  than  so  many 
heat  units  per  pound  with  certain  proportions  of  fixed 
carbon,  volatile,  ash,  moisture  and  sulphur.  This  scien- 
tific method  is  not  always  indorsed  with  enthusiasm  by 
the  dealer,  who  has  to  be  more  particular  when  coal  is 
I'ought  in  this  way  than  when  it  is  just  "ordered." 

It  is  contended,  and  with  reason,  that  if  the  dealer 
is  compelled  to  meet  the  specifications  drawn  up  by  the 
consumers,  the  quality  furnished  will  be  satisfactory.  Un- 
doubtedly the  quality  will  be  more  uniform,  but  it  is 
common  experience  that  there  is  more  "kicking"  by  the 
consumer,  for  reasons  real  or  apparent,  when  "scientific" 
purchasing  methods  prevail.  Often  coal  will  meet  the 
specifications  but  produce  poorer  results  than  those  of 
other  shipments  which  may  not  have  been  bought  on 
sjxicification. 

When  the  results  are  unsatisfactory,  the  consumer  usu- 
ally complains  more  bitterly  than  if  the  same  coal  were 
not  purchased  on  specification.  To  appease  the  buyer, 
t'.'.o  contractor  orders  a  testing  laboratory  to  sample 
and  analyze  the  shipment.  Sup]K>se  the  analysis  does 
show  that  the  quality  is  as  specified,  then  the  consumer 
is  disgruntled.  The  contractor  sells  coal,  not  copies  of 
its  analysis.  An  unsatisfied  customer  with  a  cargo  of 
T.-hat  he  thinks  is  poor  coal  on  his  hands  is  not  made 
]ia])py  by  an  analysis  slieet. 

If  a  coal  is  not  satisfactory  and  still  meets  the  speci- 
fications, it  is  manifest  that  the  siJccifirations  are  not 
such  as  they  should  bo.  Physical  charficteristics  like 
the  fusing  point  of  the  ash,  as  indexes  of  the  behavior  and 
value  of  the  coal,  are  as  good  as  or  better  than  chemical 
analyses  or  calorimetric  determinations.  The  real  test 
IS  in  the  amount  of  water  it  will  cvajiorate,  but  too  many 
and  variable  factors  enter  into  that  ]ierformance  for  the 
coal  dealer  to  accept  it  as  a  measure  of  the  value  of 
his  product.  The  contract  should  guard  the  purchaser 
against  paying  coal  prices  for  bone,  slate  and  water,  and 
should  so  regulate  the  relations  between  fixed  and  volatile 
that  the  character  of  the  coal  may  he  uniformly  adapted 
to  the  provisions  made  liy  the  purchaser  for  using  it. 

Many  contractors  contend  that  a  sample  reduced  before 
analysis  to  less  than  a  tahlcsp(M)nful  is  not  representative 
111'  a  shi])ni('nt  of  luuidreds  of  ton.  They  complain  that 
the  sampling  is  oflen  left  to  mere  boys  or  laborers,  who, 
as  (ini'  liirgc  ccmtr.'utor  ])ut  it,  "have  perhaps  been  out 
the   night   heffjic,  wlm  h:\\r.  110  cdniinensnrate  conec])(i()H 


100 


P  O  W  E  E 


Vol.  40,  Xo.  3 


of  responsibility  and  who  often  gather  a  barrow  load 
from  one  car  or  one  place  in  the  cargo  and  dismiss  the 
matter  with  an  'Oh,  that's  good  'nough.'"  Of  course, 
if  the  sample  is  wrong,  the  most  carefully  made  analysis 
is  wrong. 

As  a  fact  the  less  one  knows  the  better  gatherer  of 
samples  is  he  likely  to  make.  If  he  will  take  a  scoop- 
ful  from  each  car  with  his  eyes  shut  he  will  get  a  fairer 
sample  than  a  professional  who  would  instinctively  avoid 
or  reach  for  certain  pieces,  or  be  influenced  by  appear- 
ances, which  would  mean  nothing  to  the  laborer  and  so 
have  no  effect  on  where  he  stuck  his  scoop. 


The  abstract  of  a  paper  on  the  determination  by  ex- 
periment of  the  stresses  present  in  the  parts  of  cylindrical 
drums,  due  to  internal  pressure,  which  will  be  found  on 
page  90,  should  be  of  much  interest  to  all  who  are  con- 
cerned with  autogenous  welding,  as  well  as  the  design  of 
boilers  and  similar  vessels  required  to  withstand  high  in- 
ternal pressures. 

Welds  of  all  kinds  are  open  to  suspicion,  because  there 
is  no  way  yet  known,  without  the  destruction  of  the  weld, 
to  determine  accurately  A\-liether  the  parts  have  been  prop- 
erlv  joined  together.  In  autogenous  welds,  there  are 
added  factors  of  uncertainty,  owing  to  the  internal 
stresses  that  may  be  set  up  by  local  heating  of  the  parts 
and  the  uncertainty  of  the  quality  of  tlie  metal  in  the 
weld,  after  having  passed  through  the  heat  treatment  re- 
quired to  make  it.  Apparently,  the  only  practical  way 
that  such  internal  stresses  can  be  removed  is  by  heating 
the  entire  welded  surface  to  a  fairly  high  temperature 
after  the  weld  is  completed,  and  this  method  of  treat- 
ment is  impractical  in  the  average  case  where  autogenous 
welding  would  be  used,  and  particularly  so  in  that  of  re- 
pairs. 

The  work  these  Australian  engineers  are  doing,  to  find 
just  how  the  stresses  are  distributed  in  the  different  parts 
of  boilers  and  vessels  of  a  similar  character,  caimot  lie 
too  highly  commended.  It  has  been  common  to  treat  prob- 
lems dealing  with  the  determination  of  safe  pressures 
for  boilers  and  similar  constructions  as  if  the  manner  in 
whicli  the  strains  were  brought  was  very  simple,  while  in 
reality  it  is  probably  most  complex  in  some  cases.  It  was 
unfortunate  that  the  drums  concerned  in  these  tests  had 
hoops  around  them,  for  undoubtedly  this  construction 
was  responsible  for  the  peculiar  results  shown  in  one  of 
the  drums,  where  a  portion  of  the  surface  was  found  to 
be  in  compression  rather  than  in  tension.  The  results 
of  experiments  that  are  to  Ije  made  by  these  same  investi- 
gators on  plain  drums  without  hoops  will  be  awaited  with 
interest. 

The  distribution  of  stresses  in  the  plates  of  a  boiler 
aroimd  openings,  such  as  manholes,  handholes,  etc.,  has 
long  been  an  unknown  quantitv'  in  the  design  of  such 
vessels.  The  Martens  mirror  extensometer  would  seem 
to  furnish  a  ready  means  for  obtaining  the  necessary 
data,  so  that  reinforcements  for  such  openings  could  be 
designed  without  recourse  to  guesswork  or  rules  of  thumb. 
Some  of  our  institutions  of  learning  are  now  equipped 
with  all  the  necessary  apparatus  for  carrying  on  this 
class  of  experiments,  and  practically  any  of  the  first-class 
boiler  makers  of  the  country  would  be  glad  to  furnish 


the  necessary  specimens  gratis  to  permit  a   full  investi- 
gation of  the  subject. 

We  should  not  let  our  engineering  friends  in  the  Anitp- 
odes  entirely  outstrip  tis  in  the  matter  of  making  such 
investigations,  and  if  not,  we  will  have  to  commence  this 
work  at  once. 

In  buying  valves  and  fittings  for  power-plant  service, 
it  seems  the  prevailing  custom  to  specify  the  sizes,  types 
and  pressures  to  be  carried,  but  not  to  indicate  what 
the  service  and  general  treatment  will  be.  Further, 
there  appears  to  be  a  tendency,  probably  with  a  view  to 
economy,  to  use  an  article  that  is  too  cheap  in  the  sense 
that  it  is  often  subjected  to  a  higher  pressure  and  a 
more  severe  service  than  that  recommended  by  the  man- 
ufacturei'. 

This  practice  frequently  leads  to  considerable  trouble, 
if  not  to  actual  expense,  and  as  a  consequence  the  man- 
ufacturer is  often  wrongly  accused  of  selling  an  inferior 
class  of  goods. 

It  should  be  remembered  that  a  valve  or  fitting  is 
expected  to  withstand  not  only  the  actual  pressure  car- 
ried in  the  line,  but  also  shocks  due  to  water  hammer, 
strains  catised  by  expansion  and  contraction,  abuse  by 
ignorant  or  careless  worlanen  and  so  on.  Some  of  these 
cannot  be  foreseen,  nor  their  extent  anticipated.  Some, 
however,  although  well  known,  are  not  given  proper  con- 
sideration. Also  there  are  many  instances  where  a  cer- 
tain valve,  for  example,  must  be  opened  and  closed  at 
frequent  intervals,  which  makes  the  service  more  severe. 
Swing  check  valves  especially  are  suijjected  to  a  hard 
and  continuous  service  as  well  as  to  great  and  sudden 
shocks. 

No  doubt  many  valves  and  fittings  are  in  use  under 
higher  pressure  than  that  stipulated  by  the  manufac- 
turer, with  no  immediate  bad  results,  but  such  practice 
is  not  true  economy  because  of  the  early  failures  which 
are  almost  sure  to  happen.  Moreover,  it  creates  a  source 
of  apprehension  and  danger  that  is  liardly  worth  the 
doubtful  saving  that  might  be  considered  as  ensuing 
therefrom. 

There  are  many  uses  to  which  the  cheaper  and  lighter 
goods  can  be  put  satisfactorily,  such  as  in  suction  lines, 
exhaust  lines,  etc.  Also  if  pressures  are  fairly  constant, 
piping  is  in  good  alignment,  expansion  and  contraction 
are  well  taken  care  of  and  other  conditions  are  favoraWe, 
it  is  sometimes  possiljle  to  use  them  for  pressitres  slightly 
higher  than  those  for  which  they  are  recommended. 

Such  ideal  conditions,  however,  are  seldom  realized; 
therefore,  as  a  general  rule,  it  is  advisable  to  specify 
heavier  equipment,  even  though  it  may  seem  unneces- 
sarily strong.  This  will  result  in  a  larger  margin  of 
safety,  an  allowance  for  an  increase  in  pressure  should 
occasion  arise  at  some  later  time,  a  longer  life,  and,  con- 
sequentlv,  fewer  renewals.  These  advantages  will  more 
than  offset  anv  greater  initial  cost  of  installation. 


Some  day  it  will  be  unusual  to  see  steam  blowing  from 
the  roofs  of  building  and  mill  plants.  The  escape  of  prac- 
tically a  thousand  heat  units  for  every  pound  of  steam 
used  will  eventually  be  considered  poor  engineering,  ex- 
cept in  special  cases. 
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Most  high-tension  linemen  can  cite  instances  of  trouble 
due  to  high-tension  transmission  conductors  being  wind- 
swayed  into  contact,  or  near  contact,  with  each  other  or 
with  a  ground  wire  strung  upon  the  same  towers.  Such 
incidents  are  not  so  common  on  low-tension  systems  be- 
cause the  spans  are  not  so  long,  as  a  rule  there  are  no 
ground  wires;  the  conductors  are  well  flanked  by  build- 
ings, and  more  or  less  shielded  from  cross  winds,  and  the 
working  voltage  has  practically  no  arc-striking  value. 

In  the  following  instance  a  oOO-volt,  75-hp.  shunt- 
wound  shop  motor  of  ordinarily  perfect  commutation 
characteristics  became  addicted  to  irregular  flash-overs 
that  apparently  had  no  explanation.  It  was  finally  noticed 
that  the  flash-overs  always  occurred  during  high  winds, 
so  the  transmission  span  from  the  building  entrance 
bushings  to  the  line  pole,  250  ft.  distant,  was  inspected. 
One  of  the  line  wires  was  off  the  pole  insulator  and  this 
brought  the  wires  close  together  at  the  center  of  the  span, 
.so  that  occasionally  the  movements,  due  to  the  wind, 
would  cause  them  to  touch  each  other.  In  course  of 
time,  the  insulation  had  become  abraded  so  that  the  con- 
ductors actually  made  contact. 

At  such'  times  the  motor  became,  for  an  instant,  a 
short-circuited  generator  with  a  resulting  speed  check, 
due  to  a  magnetic  drag.  If  the  short  persisted  for  more 
than  an  instant,  the  acting  generator  lost  its  field.  In 
either  case,  the  .separation  of  the  line  wires  and  the  rein- 
troduction  of  voltage  to  the  motor  found  it  unqualified 
to  instantly  generate  a  counter  electromotive  force  of  ap- 
preciable value ;  therefore,  the  current  would  be  abnor- 
mal, the  field  weak,  and  the  machine  would  flash  over. 

J.    A.    HOUTON. 

Schenectady,    X.  Y. 


'I'hc  chief  oljjcct  in  using  a  boiler  is  1o  get  good  steam- 
ing results,  and  as  Mr.  Hockwell  gets  good  results  any 
criticism  of  the  setting  described  on  page  6?!)  of  the 
Mav  12  issue  must  be  rather  conservative,  but  I  wish 
ii'  offer  a  few  remarks. 

Tlie  shell  of  tliis  boiler  has  about  200  scj.ft.  of  heat- 
ing surface,  and  the  tubes  jjrobably  about  1000  sq.ft.; 
Ihe  latter  make  up  the  most  important  part  of  the  heat- 
ing surface,  foniplcte  combustion  is  as  important  as 
(omi)letcly  a!)soii)ing  the  available  heat  from  the  gases. 
and  the  place  for  scrnl)l)ing  contact  is  in  the  tubes  after 
the  gases  are  completely  burned.  If  the  combustion 
chamber  floor  were  lowered  five  feet  at  the  back  of  the 
iiiidge  wall,  100  .sq.ft.  would  not  have  that  scrubbing 
contact.  Stipjmse  that  100  8(|.ft.  were  then  only  half  as 
effective,  so  that  the  effect  of  ')0  sq.ft.  of  heating  surface 
were  lost.  That  is  about  3  per  cent,  of  the  heating  sur- 
face, but  tlie  gases  would  In-  hotter  than   formerly  when 


they  reached  the  tubes  and  would  ])artly  offset  the  :J 
per  cent.  loss.  A  larger  combustion  chamber  with  soft 
coal  should  easily  iniprove  combustion  enough  to  more 
than  offset  that  slight  loss,  esj)ecially  with  a  heavy  load. 
The  grates  being  4  ft.  from  the  shell  is  good  and  give 
some  space  for  combustion  without  a  lai-ge  chamber  back 
of  the  bridge-wall.  I  would  not  expect  a  large  gain, 
but  think  there  would  surely  be  some  improvement  in 
evaporation  and  less  smoke  if  the  floor  of  the  combustion 
chamber  back  of  the  bridge-wall  were  lowered  four  or 
five  feet. 

Hakry  D.   Everett. 
Fort   Snelling,  Ariz. 


In  his  criticism  (PowEii,  May  26,  page  747)  of  my 
article  on  the  above  subject  in  the  issue  of  Apr.  21,  H. 
Misostow  intimates  that  the  use  of  air  ducts  connecting 
the  ashpit  and  the  space  above  the  grate  cannot  be  as  ben- 
eficial as  stated,  and  calls  on  me  to  experiment  to  deter- 
mine the  course  taken  by  the  air  entering  above  the  grate 
as  it  comes  through  the  ducts.  He  also  states  that  a 
boiler  should  be  adapted  to  the  fuel  it  is  to  burn. 

It  is  quite  common  practice  in  western  Xew  York  to 
design  furnaces  under  boilers  with  a  straight  bridge-wall 
14  in.  high  and  to  set  the  boilers  from  30  to  36  in.  above 
the  grates.  This  is  because  there  were  times  when,  owing 
to  strikes,  soft  coal  was  unobtainable,  and  plant  owners 
were  obliged  to  burn  anthracite  in  place  of  bituminous  at 
any  price.  It  is  obvious  that  stores  and  industrial  plants 
would  not  shut  down  their  plants  and  change  the  fur- 
nace construction  to  burn  hard  coal  when  the  cost  is 
$6  per  ton  compared  with  $2.50  and  $2.75  for  bituminous. 

As  to  jacketing  the  boiler  shell  with  hot  air  with  the 
aid  of  three  or  four  ducts  on  each  side  of  the  furnace, 
this  was  tried  with  yV  in.  of  draft  in  the  ashpit,  the  grates 
blanketed  and  the  damper  ])artially  ojjcn,  before  any  fur- 
nace of  this  kind  was  ]Hit  into  service.  Wads  of  tissue 
paper  were  placed  near  the  intake  ducts  aiul  lighted  be- 
iore  the  ashpit  doors  were  closed,  instead  of  using  oiled 
waste  as  Mr.  Misostow  suggested.  From  these  o])enings 
in  front  of  the  underside  of  the  shell  the  very  blanketing 
that  I  spoke  of  does  occur. 

Further  evidence  to  prove  this  is  presented  by  the  fol- 
lowing case:  About  two  weeks  ago  an  engineer  had  a 
niason  reline  one  of  the  furnaces.  From  my  office  window 
I  noticed  quite  a  large  volume  of  smoke  coming  from  this 
particular  stack  which,  since  th(>  use  of  the  air  ducts,  had 
not  smoked.  The  engineer  informed  me  that  the  nuison 
had  clo.<cd  the  ducts  in  relining  the  furnace,  but  they 
were  going  to  be  opened  for  they  were  not  oidy  causing 
smoke,  but  more  fuel  was  consumed  for  the  same  output. 

The  latter  part  of  the  winter  two  other  large  plants 
were  similarly  equipped.  One  of  them  uses  a  slight 
forced  draft  and  behaves  the  same  as  the  first  installa- 
tion referred  to,  and  no  smoke  is  emitted  from  the  stack. 
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The  other  smokes  slightly  at  the  moment  of  most  rapid 
distillation  of  the  fuel,  the  smoke  being  pale  gray  from 
one  minute  to  nearly  two.  The  stack  produces  all  the 
draft;  there  is  no  forced  draft  used  to  cause  the  heated 
air  to  cross  beneath  the  shell.  Air,  entering  the  com- 
laistion  chamber  from  the  ducts,  takes  a  course  partly 
across  the  furnace  and  then  to  the  rear  instead  of  cover- 
ing the  underside  of  the  shell. 

F.  A.  Shoemaker. 

Buffalo.  N.  Y. 


CmraffiiM  foir  tlhie  AsrasiffiOinia®, 


Among  the  trouble-making  fixtures  in  an  ice  plant  is 
the  ammonia  piston  rod.  The  trouble,  however,  is  limited 
01-  done  away  with  when,  in  the  first  place,  the  best  pack- 
ing is  used,  and  when  the  stufifing-box  is  packed  properly. 
It"  is  important  tliat  ammonia-compressor  jjacking  l)e 
icgularly  lubricated. 

Sliould  the  rod  become  hot,  it  indicates  that  the  pack- 
ing is  to  tight  and  should  be  loosened,  the  gland  lowered 
straight,  so  that  it  will  not  touch  the  rod  on  one  side 
and  scratch  it.  If  the  rod  gets  so  hot  that  the  packing 
commences  to  smoke,  the  latter  will  soo'-  be  ruined  and 
the  rod  injured.  It  is  best  never  to  entirely  fill  the 
stuffing-bo.x  with  packing,  for  one  is  likely  to  get  the 
gland  on  crooked  and  scratch  the  rod. 

Allien  the  frost  comes  back  so  heavy  that  it  enters  the 
anmionia  cylinder,  the  rod  will  contract  and  even  the 
best  of  packing  will  leak.  Many  engineers  immediately 
tighten  the  gland  of  the  stuffing-box  in  order  to  stop  the 
odor  of  ammonia.  In  case  the  frost  comes  back  that 
heavy  (a  thing  which  should  not  happen)  the  main  liquid 
valve  should  be  closed  for  a  while,  leaving  the  gland  alone. 
If  tightened,  the  rod  will  get  hot  and  spoil  the  best  of 
packing  as  soon  as  the  frost  disappears.  Some  engineers 
are  too  impatient  to  wait  until  the  frost  goes  away,  even 
when  the  liquid  valve  is  closed.  If  the  gland  is  tight- 
ened, one  should  watch  the  stuffing-box  and  loosen  the 
gland  when  the  frost  disappears. 

WiLLiAit  L.  Keil. 

Philadelphia,  Penn. 


with  the  main  gear,  two  plates  were  riveted  on  its  sides. 
The  bottom  guide  plate  E  supporting  the  boring  l)ar 
was  fastened  to  the  crankshaft-bearing  studs. 

With  this  rig,  all  that  was  necessary  to  do  the  job  was 
to  remove  the  top  covers  and  pistons,  and  throw  the 
cranks  to  one  side  to  allow  room  for  the  boring  bar.  An 
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air  motor  furnislied  the  power  for  driving,  and  the  gears 
used  were  taken  from  a  lathe.  Half-inch  square  steel, 
fastened  by  a  setscrew,  was  used  as  a  cutter. 

J.  M.  Carter. 
Vancouver,  B.  C,  Canada. 


The  writer  successfully  bored  out  a  three-cylinder,  QV^- 
in.  diameter  air  compressor  with  the  rig  shown  herewith. 
The  air  was  passing  through  and  giving  poor  compres- 
sion. After  boring  the  cylinders  and  renewing  all  the 
pistons,  which  were  badl-y  worn,  we  are  getting  good 
efficiency.  The  illustration  shows  a  side  view  of  the  bor- 
ing and  driving  bars  assembled. 

The  boring  bar  A  had  a  thread  which  acted  as  a  feed 
when  revolved.  The  plate  D,  when  drilled  and  tapped, 
was  fastened  down  by  the  cylinder-head  studs  on  top  of 
two  parallel  strips,  and  it  acted  as  a  guide  for  the  boring 
bar  .1.  Driving  bar  C  was  supported  l\r  a  brace.  On 
the  driving  bar  a  small  gear,  free  enough  to  slide  un  and 
down,  acted  as  a  drive  to  the  main  gear,  which  was  keyed 
to  boring  bar  A.  There  was  a  keway  the  full  lengui  of 
the  driving  bar  and  a  key  which  fitted  in  this  small  gear. 
To  keep  this  gear  from  falling  down  and  out  of  alignment 
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In  connection  with  \\w  purchase  of  coal  on  the  B.t.u. 
basis,  there  is  an  important  point  that  should  not  be  neg- 
lected, namely,  the  allowable  percentage  of  fine  coal  or 
slack.  This,  in  nut  and  slack  contracts,  generally  reads 
that  the  coal  that  can  be  sifted  or  sc-reened  through  a 
screen  having  perforations  one-fourth  inch  in  diameter 
shall  not  exceed,  say  30  per  cent. 

In  jjreparing  coal  for  a  calorimeter  test  it  must  first  be 
pulverized ;  consequently  the  purchaser  would  not  be  pro- 
tected from  too  much  fine  coal  by  such  a  test.  When 
much  of  the  coal  is  very  fine  it  gets  through  the  grate 
and  the  combustible  in  the  ash  is  increased  greatly,  al- 
though the  analysis  may  show  the  coal  as  being  of  con- 
tract grade. 

John  F.  Hurst. 

Louisville,   Kv. 
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Last  WL-ek  one  of  our  nu'rlianks  set  a  75-hp.  engine  on 
a  timber  foundation  for  temporary  use.  The  instruments 
used  were  a  battered  carpenter's  level  and  square.  When 
started  up,  as  was  to  be  expected,  the  engine  developed 
several  varieties  of  hard  knocks.  Upon  turning  it  over 
slowly  the  brasses  and  the  space  between  the  crank  disk 
and  bearing  could  be  seen  to  open  and  close  during  each 
revolution.  The  shaft  was  then  squared  and  leveled  by 
observing  this  opening,  which  effectually  eliminated  the 
pound.  The  engine,  a  double-eccentric,  side-crank  Buck- 
eye, has  seen  30  years'  service,  and  deserves  better  treat- 
ment. Probably  old  age  has  made  it  somewhat  philo- 
sophical. 

James  A.  Barr. 

Mt.  Pleasant,  Term. 


A  Qtmick  ILnira©°S1hiaiff 

Our  3%-in.  main  line  shaft  broke  about  4:30  p.m., 
shutting  down  more  than  half  the  machinery  of  the  plant. 
The  break  occurred  about  7  ft.  from  the  end  of  the  shaft. 
When  it  happened  a  fan  engine  was  made  to  drive  the 
shaft  by  coupling  two  shafts  and  only  one  blower  was 
left  idle  out  of  the  entire  number  of  machines  belted  to 
this  shaft.  The  engine,  a  70-hp.,  high-speed  unit,  was 
terribly  overloaded,  and  when  examined  later  the  front 
half  of  the  crankpin  box  was  broken  in  two  and  the  bolts 
liolding  the  straps  were  partially  sheared.  How  it  held 
together  in  this  condition  I  do  not  know. 

The  i)lant  was  many  miles  away  from  a  machine  shop 
but  as  soon  as  the  coupling  was  disconnected  the  measure- 
ments were  taken  for  a  new  shaft  and  coupling,  and  they 
were  telephoned  to  the  shop.     These  measurements  were 


ing  a  plug  and  socket,  serving  the  same  purpose  as  the 
one  described.  In  large  couplings  keys  are  put  in  between 
the  flanges  to  avoid  the  shearing  strain  on  the  bolts.  The 
entire  plant  was  stopped  21/.  hr.  in  all,  and  a  part,  includ- 
ing the  broken  length,  5  hr. 

R.    A.    CULTRA. 

Camljridge,  Mass. 

GeMisa^  s^  Crossfiaesicdi  Ofi 

The  engineer  who  has  never  attem])ted  to  remove  the 
piston  rod  from  the  crosshead  of  a  large  engine  has  an 
interesting  piece  of  work  before  him.  The  sketch  shows 
the  low-pressure  side  of  a  24x53x60-in.  cross-compound 
Corliss  engine.  The  piston  rod  was  so  badly  scored  that 
iio  packing  could  prevent  leaking  more  than  a  few  days 
following  each  packing. 


Fi(i.  1.  f'orpLixi;  witk  Kkyway  ox  F.wv. 

the  outside  diameter  of  the  cnu|)ling.  the  dcplli  ainl  diam- 
eter of  the  socket,  the  diameter  of  the  bolt  circle,  the 
numijer  and  si'ie  of  the  ream-fitted  holt  lioles,  the  diam- 
eter and  length  of  the  sliaft,  the  number  and  size  of  the 
keyways.  Special  care  was  taken  to  get  the  measurements 
correct. 

The  shop  worked  all  night  on  the  job  and  delivered  it 
for  use  at  11  o'clock  the  next  morning.  .\t  1  p.m.  the 
main  engine  was  shut  down  and  the  new  sliaft  put  up. 
The  small  engine  was  stopped  long  enough  to  uncouple 
and  to  put  on  two  large  l)elt8,  and  we  had  the  new  shaft 
running  at  •')  p.m.,  a  little  over  24  hr.  from  the  time  of 
the  break.  1'hc  measurements  and  work  were  so  accurate 
that  not  a  single  bolt  hole  had  to  be  reamed,  and  the  plug 
and  socket  portion  sli]ij)ed  together  just  right. 

Fig.  1  shows  the  halves  of  a  couyiiing  where  the  shaft 
extends  through  one  half  and  lacks  the  sami-  amount  of 
comin'T  flush  with  the  face  of  the  otiici-  half,  thus  forui- 


l\iG    Set   Up 

It  was  decided  that  a  new  rod  and  metallic  packing 
would  be  a  good  investment,  so  I  set  to  work  to  remove 
the  rod.  Fig.  1  will  show  my  method  which,  though  not 
new,  may  help  someone.  A  6x6-iu.  oak  was  placed  against 
the  crank  hub,  supported  as  shown,  and  a  15-in.  piece  of 
extra  heavy  2-in.  pipe  was  used  for  an  arbor. 

After  blocking  the  crosshead,  a  28-in.  lever  was  used 
in  the  jack  and  screwed  np  nearly  as  hard  as  one  man 
rould.  Not  a  move !  I  struck  the  rod  next  to  the  cross- 
h.ead  with  a  copper  hammer  and  it  let  go  with  a  report 
hke  a  gun.  After  replacing  a  new  rod  and  metallic  pack- 
ing, everyone  felt  repaid  for  working  on  a  holiday. 

A.  ('.  Waldhox. 

Kevere,  Mass. 


Soda  ash  as  a  solvent  has  many  advocates,  especially 
wlici-c  water  from  deep  wells  is  used.  While  some  claiui 
that  it  will  cause  priming  and  numerous  other  troubles, 
I  have  found  that  these  boilers  prime  because  they  are 
dirtv  and  not  I'uough  attention  is  paid  to  blowing  down 
while  in  this  condition  to  get  rid  of  the  disintegrating 
scale  and  the  concentration  of  salts.  .Vs  the  boilers  be- 
come clean  (he  nece.'isity  for  frequent  blowing  down  be- 
comes less.  In  a  plant  using  as  much  as  2%  lb.  per  1000 
gal.  it  is  necessary  only  to  lilow  down  twice  in  24  hr. 

At  first  there  is  generally  noticed  a  dejiosit  at  the  ca])S 
or  at  anv  other  place  where  there  is  a  slight  leakage;  this 
will  usuallv  disappear  as  the  scale  is  removed.  The  great- 
est foe  to  the  successful  use  of  soda  ash  is  ignorance  or 
carelessness.      A    variation   in    the   treatment — (hu   water 
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remaining  tlvj  same — will  make  more  Trouble  than  a  uni- 
formly low  treatment.  The  latter  will  cause  the  forma- 
tion of  scale,  but  a  high  treatment  one  day  and  a  low 
treatment  the  nest  will  give  rise  to  various  troubles,  such 
as  tube  burnouts,  etc. 

A  simple  way  to  determine  the  proper  amount  of  soda 
ash  is  to  take  a  samjile  of  the  water  after  treatment,  and 
filter  it  into  two  test  tubes,  running  about  11/2  in.  into 
each;  then  onto  one  of  the  tubes  put  about  five  drops  of 
calcium-chloride,  heat  the  tube,  and  if  the  treatment  is 
correct  there  should  be  noted  a  slight  turbidity.  It  re- 
quires a  little  practice  to  determine  the  slight  trace  re- 
quired, but  a  comparison  of  one  tube  with  the  other,  with 
and  without  the  calcium-chloride,   will  assist  greatly. 

Joirx  F.  HcRST. 

Louisville,  Kv. 
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To  insure  good  commutation,  it  has  be^'ome  usual  to 
leduce  the  mica  at  the  surface  of  commutator  bars.  Prac- 
tice differs  somewhat  as  to  the  shape  of  the  groove :  some 
favor  the  V-shape,  claiming  that  it  eliminates  the  ac- 
cumulation of  dust  or  carbon,  while  others  maintain  that 
with  this  type  of  groove  a  part  of  tlie  mica  projects  above 
the  copper  at  the  sides,  and  still  prevents  proper  contact 
between  the  commutator  and  brushes.  It  is  more  gen- 
eral, therefore,  to  reduce  the  mica  the  full  width  of  the 
slot  to  a  depth  of  aboTit  3"^  in. 

Most  firms  adopt  this  reduction  of  mica  on  all  but  very 
small  machines,  such  as  domestic  or  fan  motors,  and  the 
practice  proves  justifiable  if  a  soft  brush  of  a  graphite 
nature  or  a  hard  or  variable  quality  of  mica  is  employed. 
Such  grooving  is  also  successful  on  machines  which  are 
heavily  overloaded,  even  if  the  period  of  overload  or 
sparking  is  short,  for  in  time  the  commutator  bars  will 
pit  or  burn  to  such  an  extent  that  the  mica  projects  above 
the  surface  of  the  commutator. 

Where  soft  green  mica  or  Canadian  silver  amber  mica 
is  used,  certain  firms  only  groove  their  commutators 
under  the  special  circumstances  mentioned  and  employ 
annealed  mica  built  up  in  sheets  with  a  minimum  of  var- 
nish or  binding  left  in.  In  such  cases,  it  is  usually  claimed 
that  the  mica  wears  down  evenly  with  the  copper,  and 
that  the  mica  troubles  are  mainly  due  to  defective  press- 
ing and  annealing  of  the  commutator  during  manufac- 
ture. They  regard  the  grooving  merely  as  an  expedient 
which  is  resorted  to  on  large  or  heavy-current  machines 
(inly. 

J.  S.  Foster. 

Manchester,  Eng. 

'•^ 


Where  storage  batteries  are  used,  it  is  necessary  to  have 
pure  water  in  diluting  the  strong  acid  and  for  replacing 
that  evaporated  from  the  cells  when  gassing.  It  is  of- 
ten found  economical  to  distill  this  water  on  the  prem- 
ises. A  good  outfit  for  this  purpose  is  shown  in  the 
accompanying  sketch. 

This  consists  of  a  closed  tank,  or  still,  with  a  copper- 
pipe  coil  running  through   it,  the  coil  being  connected 


to  a  traji  and  drain  at  (lie  bottom.  City  water  is  ad- 
mitted to  the  space  surrounding  the  coil  until  the  tank 
is  about  two-thirds  full.  Steam  is  then  admitted  to  the 
coil,  which  evaporates  the  water  at  atmospheric  pressure, 
and  the  vapor  passes  up  through  the  pipe  B  to  the  con- 
denser, which  is  an  open  vessel  containing  a  coil  of  cop- 
per pipe.  City  water  is  allowed  to  flow  over  the  coil  and 
condense  the  va]ior.  which  is  drained  out  at  the  bottom 
into   a   lead-lined   tank,   where   it   is  kept   until   needed. 
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DisTii.i.ixo   System 

The  still  will  hold  al)out  30  gallons  of  water,  20  gallons 
being  admitted  at  each  filling;  about  31/^  hours  are  re- 
quired to  evaporate  and  condense  this  amount.  The 
storage  box  holds  40  gallons.  Care  must  be  taken  in  dis- 
tilling the  water,  for  if  it  is  permitted  to  boil  rapidly, 
it  will  be  carried  over  through  pipe  B  in  small  globules. 

Water  taken  from  iron  pipe  lines  is  likely  to  contain 
more  or  less  iron-rust  or  a  tincture  of  iron,  which  is  in- 
jurious to  the  plates  in  the  cells.  Earthenware  or  glass 
jars  can  be  used  for  storage  tanks,  but  there  is  liability 
of  breaking,  therefore  lead-lined  boxes  are  preferable. 

Some  time  ago,  I  took  charge  of  a  plant  where  there 
were  two  storage  batteries.  One  was  in  bad  condition 
and,  wishing  to  save  as  much  of  the  electrolyte  as  possi- 
ble, I  had  a  sample  analyzed ;  it  contained  much  iron. 
As  all  the  cells  were  afl:ected,  this  led  me  to  suspect  the 
tank,  and  upon  looking  into  it,  found  part  of  a  mason's 
trowel  badly  rusted.  The  carpenter  had  been  doing 
some  masonry  work  around  the  building  and  had  slipped 
the  trowel  up  over  a  piece  of  molding  back  of  the  tank. 
The  fireman  usually  filled  the  battery  cells,  and  it  is 
supposed  that  he  must  have  knocked  down  the  trowe^ 
while  the  box  was  open,  and  did  not  notice  it,  or  forgot 
tc  take  it  out  of  the  box. 

R.  A.  ('ultra. 

Cambridge,  Mass. 

Indiann  <oal  Production  in  1913 — The  production  of  coal  in 
Indiana  in  iai3  was  17,165,671  short  tons,  valued  at  $19,001,881, 
according  to  Edward  W.  Parker,  of  the  United  States  Geologi- 
cal Survey.  Although  this  was  an  increase  of  1,879,953  short 
tons,  or  i;!.3  per  cent.,  over  1912.  it  fell  short  of  the  record  out- 
put  of   1910   by  more   than   1,200,000   tons. 
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A  t^taud  made,  as  illustrated,  out  of  i^-iu.  round  iron 
with  a  ring  large  enough  to  hold  a  good-sized  enamel- 
Co/d  n  %vare  pan  will  be 
found  a  conven- 
ience. A  %-in.  pipe, 
fitted  with  a  rubber 
stopper,  may  be 
soldered  to  the  bot- 
tom of  the  pan  for 
a  waste  pipe. 

The  sink  is  set 
under  a  hot-and- 
eold-water  outlet 
and  the  waste  pipe 
runs  througli  the 
floor  and  connects 
with  the  sewer.  The 
pan  may  be  lifted 
out  and  the  stand 
remo\od  when  nec- 
Ij^^^^-  essary. 

~^-—  Chaeles  C.  Juhxs. 

McClelhuKhmvn,  Peuu. 

In  woodworlcing  plants  instruments  called  hygrometers 
are  used  to  indicate  the  degree  of  dryness  of  the  stock, 
or  how  much  moisture  the  air  contains  after  being  passed 
through  the  drying  kilns.     It  was  the  custom  to  put  the 

"  RP^*==--_  "^  ^'"^  Expansion  Pieces 


A  DuYIXfJ-Koou   JItorometer 

lumber  into  drying  rooms  heated  to  a  higli  temperature 
to  extract  the  moisture  and  season  tiie  lumber,  but  until 
tlie  hygrometer  was  invented  tlie  degree  of  dryness  could 
not  be  determined.  The  liygromotcrs  on  the  market  were 
only  suited  for  rooms  witli  a  temperature  less  than  100 


(leg.  F.,  and  when  placed  in  a  hot  drybox  it  would  lie- 
come  distorted  and  worthless  after  a  few  weeks. 

The  drying  rooms  and  boxes  often  ran  as  high  as  180 
deg.,  different  boxes  being  kept  at  diiferent  temperatures 
according  to  the  stage  of  the  work,  and  it  became  an  item 
of  expense  to  keep  supplied  with  hygrometers.  It  was  not 
a  question  of  the  room  temperature,  but  of  the  dryness 
and  the  proportionate  amount  to  increase  the  tempera- 
ture with  each  degree  of  humidity.  Soft  pine  will  absorb 
moisture  rapidly  and  it  expands  and  contracts  quickly. 

An  indicator  was  made  v.nih.  upright  side  pieces  at- 
tached to  a  base  for  a  frame.  The  inside  edges  of  the 
uprights  were  grooved  and  %-in.  pieces  of  dry  pine  boards 
were  shaped  and  ]nit  between  the  uprights,  as  shown.  A 
pointer  was  attached  to  one  of  the  uprights  and  connected 
by  a  link  to  the  pine  pieces.  By  comparison  with  a  hy- 
grometer, a  scale  was  marked  on  the  opposite  side. 

As  tlie  moisture  causes  the  pine  to  swell,  the  pointer 
will  rise  and  indicate  the  degi-ee.  As  the  air  becomes 
dry  the  pine  will  shrink  and  the  pointer  will  drop  toward 
the  bottom  of  Hie  scale.  By  noting  these  changes  and 
the  temperatures  at  the  time  it  is  possible  to  keep  the 
room  at  a  steady  degree  of  humidity. 

This  device  costs  less  than  the  metal  instrument  on  the 
market  and  will  last  a  lifetime;  the  temperature  of  an  ex- 
tremely hot  room  will  not  injure  it.  The  measurements 
are  36  in.  high  by  10  in.  wide  and  %  in.  thick.  It  can 
bo  set  on  the  floor  or  hung  up,  as  desired,  without  affect- 
ing its  operation.  It  is  also  useful  in  office  rooms  to  in- 
dicate the  relative  hiunidity  of  the  air. 

E.  A.    CCLTEA. 

Cambridge,  ilass. 

There  is  a  particularly  broad  significance  to  PowrR's 
editorial  under  this  caption  in  the  June  0  issue.  It  drives 
home  a  message  that  we  all  need,  even  though  the  post- 
script docs  tend  to  "let  us  down  easv''  on  this  point. 
Between  the  lines  it  intimates  the  distinction  of  the 
reading  habit  and  the  lial)it  of  proper  reading,  and  care- 
ful consideration  shows  that  such  difference  is  marked. 

The  former,  if  on  a  hit-or-miss  plan,  may  or  may  not 
afford  substantial  benefits;  the  latter  shapes  and  molds 
a  future,  transforms  a  possibility  into  a  reality.  The 
spirit  that  actuates  the  habit  of  proper  i-eading  is  the 
spirit  that  prompts  the  best  one  can  do. 

This  term  "proper  reading"  carries  a  double  signifi- 
cance, relating  to  the  character  of  matter  and  the  man- 
ner of  perusal.  As  to  character  of  matter,  the  answer  is 
self-evident,  for  every  single  hour  given  over  to  general 
and  pojuilar  reading  two  hours  should  be  accorded  to 
technical  literature  directly,  and  sometimes  indirectly, 
relating  to  our  field.  The  first  pays  dividends  in  a  knowl- 
edge of  universal  happenings  and  current  topics;  but  the 
otlicr  pays  double  dividends  in  a  wider  knowledge  of  our 
world's  work.  To  skim  over  the  pages  of  this  book  or 
that  technical  journal  aimlessly  and  listlessly,  witliout 
any  distinct  concentration,  is  useless.  The  liabit  of 
proper  reading  is  not  defined  in  "killing  time";  for  thi."!, 
other  and  more  profitable  ways  (to  one's  health)  may 
easily  bo  found. 

To  read  intelligently,  to  digest,  to  reflect  and  analyze 
and  remember  is  to  add  notches  to  one's  ability.  Rich 
thoughts   make   the  mind   rich,   and   to  concentrate   the 
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attention  where  richness  in  cne's  field  of  endeavor  is 
afforded  is  taking  advantage  of  an  often  overlooked  op- 
portnnitv.  The  secret  of  success  emanates  from  the 
brain,  and  a  well  fed  mind  is  but  a  forerunner  of  bigger 
tilings. 

Xotice  the  difference  between  the  man  who  has  the 
habit  of  proper  reading  and  the  one  who  has  yet  to  get 
it.  The  contrast  should  be  an  inspiration  to  acquire  the 
habit  of  careful,  consistent  anil  conscientious  technical 
reading. 

L.  1\.  AVai!DK. 

Newark.  X.  J. 

The  indicator  diagrams  shown  were  taken  from  an 
automatic  engine  the  speed  of  which  had  been  cut  down. 
The  governor  is  of  the  type  which  has  the  double  weights 


run  quietly.  The  eccentric  strap  was  drawn  up  too  tight- 
ly, which  caused  the  governor  to  produce  diagrams  like 
No.  1.  By  putting  in  a  liner  at  the  point  W  and  clamp- 
ing the  strap  up,  the  engine  ran  smoothly  and  produced 
diagrams  Nos.  2  and  3  under  heavy  loads. 


DiAORAMS    EEFOI!E    AXD    AFTER    DeCREASIXG    EcCEXTRIC 

Strap  Frictiox^ 

and  the  eccentric  collar  works  around  a  fixed  '"boss"  on 
theshrft. 

This  engine  was  noisy,  it  would  not  pull  its.  load  and 
its  governing  was  unstable.  By  holding  tip  with  the  hand 
at  the  point  E  on  the  eccentric  rod,   the  engine  \\-ould 


Closely  woven  .■ 
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EcrEXTiiic  S'l'RAT  T(i()  Tight 

This  is  another  instance  in  which  it  is  clear  that  the 
working  parts  in  an  automatic  governor  should  not  bind. 

C.  R.  McGahey. 
Baltimore,   Md. 


Difficulty  is  often  experienced  in  keeping  worn  piston 
rods  packed.  If  the  packing  is  drawn  up  tightly  enough 
to  keep  the  stuffing-box  from  leaking  at  mid-travel,  where 
the  greatest  wear  is,  it  will  be  too  tight  at  the  ends  and 
will  likely  heat  and  ruin  the  packing  altogether. 

Having  been  at  considerable  expense  from  such  a  cause, 
the  plan   outlined  in  the  accompanying  sketch   was  hit 


Tackixcs  Used 

upon,  and  it  [irgved  valuable.  The  capacity  of  the  stuf- 
fing-ljox  was  five,, rings  of  packing.  Two  rings  of  finely 
■woven,  shredded  Brass  -were  procured  from  the  packing 
dealer.  One  was  placed  in  the  bottom  of  the  stuffing- 
box  or  next  to  the  cylinder,  three  rings  of  ordinary  wedge 
packing  w'ere  then  inserted  and  the  other  brass  ring  put 
in  last. 

Only  slight  tension  is  required,  as  the  packing  seems 
to  give  best  service  when  left  free  to  expand  and  contract. 
The  brass  rings  at  the  ends  perforni  the  function  of  hold- 
ing the  packing  in  place  and  will  usually  last  several 
years. 

Edward  T.  Bixxs. 

Philadelphia,  Penn. 
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A  man  was  hired  to  operate  a  2-lx48-iii.  Corliss  coii- 
densiug  engine  in  a  wire  mill.  All  went  well  for  a  few 
days,  then  a  peculiar  thing  happened.  The  new  man  got 
the  engine  ready  to  start  as  usual,  opened  up  to  the  eon- 
denser  ;  the  vacuum  was  26  in. ;  opened  the  throttle,  but 
"nothing  doing" ;  gave  it  more  steam,  but  there  was  no 
move — looked  as  if  that  was  all  that  could  be  expected  to 
cause  an  engine  to  start.  Used  both  starting  bars  and 
connected  up  again,  gave  her  nearly  full  throttle.  Not  a 
move ! 

The  time  for  starting  was  nearly  up  when  the  night 
man  came  in.  He  had  seen  the  same  thing  happen  before 
in  this  plant.  He  used  the  starting  bar  on  the  exhaust 
valves,  giving  them  a  sharp,  quick  Jerk,  throwing  them 
down  onto  their  seats — they  were  hung  up.  The  engine 
had  to  start  under  full  load;  therefore  the  blowing 
through  was  fatal. 

M.    W.    CAKTliU. 

Webster.  Mass. 


]R.®-psiaiPS   ta>    Inl©astlaini^  ]E,ira^aEae 

The  illustration  shows  a  job  I  had  to  do  recently. 
A  double  10x1 2-in.  hoisting  engine  had  a  badly  worn 
pinion  which  had  to  be  replaced.  The  pinion  and  eccentrics 
were  put  on  the  shaft  and  the  crank  disks  pressed  on 
afterwards  by  the  manufacturer.  This  required  either 
the  removal  of  one  of  the  disks  or  cutting  the  shaft 
so  as  to  remove  the  pinion  or  the  eccentrics.  The  disks 
were  not  keyed  on  the  shaft,  but  depended  solely  on  the 
press  fit.  If  a  press  fit  has  been  tampered  with,  it  does 
not  afterward  have  its  original  strentrth.  and  even  if  the 
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disk  wore  replaced  without  injury  after  changing  the 
pinion,  the  same  problem  would  arise  when  similar  re- 
pairs again  became  necessary. 

Having  decided  to  cut  the  shaft  and  join  it  again, 
with  a  compression  coupling,  the  .shaft  was  first  turned 
down  "I'jr-in.  a  distance  equaling  the  length  of  the  coup- 
ling. It  was  then  keyseated  for  a  key  equal  to  the  length 
of  the  coui)ling.  The  coupling  was  then  bored  and 
fitted  a(xurately.  The  shaft  was  cut  and  a  filling  disk 
!iiade  the  thickness  of  the  cut.  This,  with  the  shoulders 
of  the  siiaft,  insured  the  exact  original  length  of  the 
shaft.  Removing  the  pinion  and  placing  the  new  one 
was  a  simple  matter.  The  ends  of  the  shaft  were  hutted 
together  with  the  filling  washer  between,  and  liie  compres- 


sion coupling  with  the  key  in  place  was  bolted  in  position. 
When  the  shaft  was  set  up  it  ran  perfectly  true. 

It  was  put  into  service  and  has  been  working  2-1  hours 
a  day  for  six  months  at  2.50  r.p.m.  The  repair  has  not 
given  a  minute  of  trouble. 

B.  P.  LrcE. 

Fajardo,  Porto  Rico. 
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The  standard  was  broken  oil  at  the  place  shown  in  the 
sketch.  As  it  was  impossible  to  get  a  new  one  for  some 
time,  it  had  to  be  repaired  in  the  following  way:  Four 
%-in.  bolts  were  put  in  the  corners  and  tightened,  and  to 


Dotted  Lixes  Show  the  Position  of  the  Bolt.s 

prevent  the  head  from  moving  sideways,  iron  pieces  3  in. 
long,  1/4  in.  thick  and  %  '"•  broad  were  fixed  inside  of 
the  standard.  The  job  turned  out  to  be  most  satisfac- 
tory. 

J.   B.  JosHi. 
Hdinliav.  India. 


SeMflaEag    ClhiSisiffilbeiP   for  CoE^e 

<  )ii  nearly  every  type  of  open  heater  employing  coke  as 
ii  liltering  medium,  a  certain  amount  of  fine  coke  will 
find  its  way  to  the  feed  pump  and  pipe  to  make  trouble. 
If  the  water  is  not  very  bad,  a  good  plan  is  to  lay  one 
sheet  of  aliout  M<-in.  perforated  copper  under  and  one 
over  the  coke,  but  the  great  danger  then  is  running  too 
long  and  getting  the  ))erforatinns  cluikcd  up  with  scale 
and  coke  grit. 

By  far  the  most  satisfactory  ty[)e  of  heater  is  that 
wliich  has  a  large  settling  and  storage  capacity  beyond 
the  filter.  I  have  had  success  with  excelsior.  Charcoal 
(animal)  also  gives  splendid  results,  but  if  requires  too 
much  changing  and  cleaning;  the  first  cost  is  also  much 
too  high  for  ordinary  use.  Coke  seems  to  hold  the  field, 
l)ut  for  (he  past  three  weeks  I  have  been  experimenting 
with  (|uartz.     The  water  having  an  uinvard  flow  through 
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it,  the  direction  is  reversed  for  a  few  minutes  each  night 
to  wash  out  the  dirt.  So  far  it  has  given  entire  satisfac- 
tion. 

E.  R.  Pearce. 
Rochdale,  England. 


This  broken  valve-gear,  of  the  single-wristplate  type, 
had  this  list  of  broken  parts:  The  exhaust  arm  on  the 
left  side  and  the  bell  crank  on  the  right  were  broken  off; 
the  wristplate  stud  was  broken  at  the  shoulder,  showing 
an  old  crack,  so  that  only  three-quarters  remained  good : 
ihe  steam-valve  stem  was  bent  upward,  making  it  impos- 
sible to  remove  it  from  the  hood  without  force;  the  valve 
liood  was  broken  off  at  the  shoulder;  the  dashpot  rod  on 
the  right  side  was  so  loose  from  the  plunger  that  it  could 
pulled  out  easily. 

The  loose  dashpot  rod  was  the  cause  of  the  accident, 
its  bottom  end  being  pulled  out  of  the  plunger;  the 
jilunger  did  not  raise  at  all.  Therefore,  there  was  no  cut- 
off on  this  end,  and  when  the  bell  crank  came  down  to 
])ick  up  the  steam  arm  on  the  next  stroke,  the  pin  holding 
the  hook  spring  was  still  tip  from  the  previous  stroke. 
This  pin  could  not  push  the  steam  arm  down  because  the 
rod  did  not  go  back  into  the  plunger  to  its  original  posi- 
tion, and  the  steam  arm  cottld  not  be  pushed  down.  If 
the  flaw  in  the  wristplate  stud  had  not  existed  the  dash- 
pot  rod  might  have  been  bent  or  the  bell  crank  and  the 
arm  levers  broken  off. 

This  accident  goes  to  show  the  minute  care  and  atten- 
tion valve-gears  require. 

Albert  H.  Isr.\el. 

Xew  York  City. 

In  assemliling  tlie  impelleis  of  a  multistage  centrifugal 
pump,  great  care  should  be  taken  to  get  the  slots  or  the 
orifices  in  the  impellers  exactly  in  line  with  the  openings 
in  the  diffusion  vanes.  If  the  water  strikes  the  vanes  at 
an  angle,  it  will  cause  a  thrust  sufficient  to  crush  the 
metal  in  the  thrust  bearing.  If  the  members  are  keyed 
in  place,  the  adjusting  can  be  done  by  the  thrust  collars. 

In  many  instances,  where  the  thrust  bearings  run  hot, 
the  trouble  is  due  to  wear  permitting  the  shaft  to  work 
endwise,  so  that  the  impellers  are  thrown  out  of  lino. 

JoHX   Fairfax. 

Louisville,  Kv. 


feed-water  temperature  was  increased  from   150  to  210 
deg.     The  boilers  had  about  four  inches  of  loose  scale 

I  have  the  satisfaction  of  knowing  that  my  salary  can 
be  paid  from  the  savings  alone ;  I  think  that  is  pretty 
good.  An  engineer  is  not  always  hired  for  what  he  does 
as  much  as  for  what  he  knows,  and  if  he  does  not  stop 
leaks  when  he  sees  them  he  is  not  worthy  the  name. 

We  are  developing  one  horsepower-hour  with  3.35 
pounds  of  coal,  actual  test,  and  the  engineer  who  has 
conducted  a  number  of  tests  in  this  locality  says  that 
there  are  few  plants  doing  better. 

A.  G.  C.  McK.*Lip. 

Pitt.'^lnirgh.    Penn. 


An  automatic  jnimp  governor  is  often  put  directly  in 
the  steam  line,  but  the  proper  way  is  to  put  it  on  a  by- 
pa.ss,  with  valves  and  vinions  as  shown.  The  governor 
can  then  be  taken  out  to  be  rejjaired  without  stopping  the 
pump.  Of  course,  the  pump  will  have  to  be  regulated 
by  hand  while  the  governor  is  out.     A  quarter-inch  pipe 
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should  be  connected  from  the  governor  to  the  discharge 
chamber  cf  the  pump. 

A  double-connection  lubricator  should  always  be  placed 
above  so  that  it  will  lubricate  the  governor.  It  will  be 
noted  also  that  the  valves  have  their  stems  either  verti- 
cal, with  the  handwheel  above,  or  horizontal.  If  the  valves 
are  placed  with  their  stems  turned  down,  any  leaks 
through  the  stuffing-box  will  burn  the  hand  when  operat- 
ing the  valves. 

J.   E.   POCHJ 

Xew  Orleans,  La. 


For  over  three  years  I  have  been  chief  engineer  of  a 
hospital  plant.  The  year  previous  to  my  taking  charge 
of  this  plant  the  water  bill  was  $1372 ;  last  year  it  was 
$691.  We  have  one  ten-ton  refrigerating  machine,  and 
this  is  where  I  made  the  saving  in  water.  The  water  was 
run  over  the  ammonia  condenser,  then  to  the  steam  con- 
denser and  into  the  sewer;  the  boilers  were  fed  from 
another  line. 

I  piped  the  condenser  water  to  the  boiler  feed  heater 
at  a  cost  of  about  $5,  saving  both  water  and  coal.  The 
coal  bill  the  year  previous  was  $5200,  and  last  vear  it 
was  a  little  less  than  $5000,  with  an  advance  in  price 
of  about  40  cents  per  ton.  This  was  brought  about  partlv 
by  cleaning  the  boilers  and  the  feed-water  heater.     The 


The  beginner  handling  the  jet  type  of  condensing  ap^ 
paratus  is  likely  to  overlook  an  essential  point — i.e.,  the 
speed  of  the  air  pump.  The  smaller-sized  outfits  have  Init 
one  pump  performing  the  combined  function  of  an  air 
and  water  pump.  The  water  flows  to  the  pump  and  the 
only  check  as  to  its  amount  is  the  opening  of  the  inlet 
or  injection  valve  (not  the  speed  of  the  pump).  Conse- 
quently, if  the  pump  is  not  operating  fast  enough,  there 
is  a  chance  of  flooding.  The  operator  must  see  that  the 
pump  is  constantly  operating  with  a  distinct  jump  at 
each  end  of  the  stroke,  which  indicates  that  the  pump  is 
running  ahead  of  the  water. 

H.  F.  JoHX'.s. 

Louisville,  Ky. 


July  51,  1!»U  POWEE  109 

siiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii niiiiiiiiiiiiii iiiiiuiiiiniiiiii iiiiiiiiiiiniiiiiiiiiiiiiiiiiiiniiiiiimniiiiiiiiiiiiiiiiiii iniiiiiiiiiniiiiiiiiiiniiiiiuiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiniiiHiiiiiiiiii iiiiiiiiii i nniiiinii niiiiiiiiiiiiiiiiiiiiimiiiiiiiiniiiniiiimiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiii^ 


allllliiiii HiiiniiiiiiiiiiiiHiiiinii iiiiiii i miiii in mil lui iiiiiiiiniiiiii iin iiiiinn iiiiiiinniiiiiiiinninniii i i,iiiiii,iiiiiiiiniiiii im iniiin iiiiiiiiiiiiiiiimiiiiiNiiii iinniiiin iiiiiiiiiiiiiiiiniiiiiiiin i miioiin i 


Solving:  Proportion  by  Slide  Rule — In  the  proportion   6    :   II 
:  30  :  X  how  is  the  value  of  x  found  on  a  slide  rule? 

C.    G.   T. 
Set    the    slide    so    that    the    division    6    of    the    slide    comes 
opposite    1.4    on    the    scale,    then    the    division    3.0    standing    for 
30  on  the  slide  will  be  opposite  7.0  standing  for  70,   the  value 
of  X. 


Dry  Saturated  Steam — AVhat  is  meant  l.)y  dry  saturated 
steam? 

T.  H. 

Steam  that  is  at  the  evaporative  temperature  corresponding 
to  its  pressure  and  wliich  contains  no  water  held  in  mechani- 
cal suspension,  i.e.,  it  is  steam  which  is  neither  wet  nor  super- 
heated. 


Relative  Evaporation  i^-iti  Iron  and  Copper  Tubes — What 
is  the  relative  evaporative  capacity  of  fire-tube  boilers  fitted 
with   iron   or   copper   tubes? 

A.    J. 

Tests  of  t'wo  boilers  made  exactly  alike  except  that  one 
had  iron  fire  tubes  and  the  other  copper  fire  tubes  showed  that 
their  evaporative  activity  was  practically   the   same. 


Eflfect  of  Oil  on  Concrete — "What  effect  has  oil  on  cement 
concrete? 

C.     S.     T. 

Mineral  oil  has  no  appreciable  effect  on  the  strength  of 
concrete,  but  animal  and  vegetable  oils  have  a  tendency  to 
disintegrate  concrete  by  the  solvent  action  of  acids  which 
they  liberate  upon  decomposing. 

Greatest  Pitrh  Taken  as  Unit  Length — In  figuring  the 
strength  of  butt  and  double-strap  joints,  why  are  the  calcula- 
tions based  on  the  pitch  of  rivets  of  a  row  having  the  great- 
est  pitch? 

M.  D. 

Any  other  unit  of  length  of  joint  might  be  employed,  but 
the  computations  are  simplified  by  assuming  the  greatest 
pitch   as   the  unit.  ? 


Advantaicres  of  Superheated  f^team — What  is  the  advantage 
of  using  superheated  steam  expansively  in  an  engine? 

G.    B. 

The  chief  advantage  from  u.sing  superheated  steam  is  the 
prevention  of  initial  condensation.  The  higher  the  degree  of 
superheat  the  drier  the  steam  at  cutoff,  and  with  the  degree 
of  superheat  high  enough,  cylinder  condensation  may  be 
entirely  prevented. 

To   Find    the   LenBth    ot   Delting    in    a    Roll — How    can    the 

length  of  a  belt   be  found   from   measurement   of  the  roll   and 
number  of   turns  made   by   the  belt? 

R.   G. 
Add  together  the  diameters  of  the  roll  and  of  the  eye  both 
measured   in    inches,   and  multiply   the   stim    by   the   number  of 
turns.     This  product  multiplied  by  0.1309  will  give  the  length 
of  the   belt   in   feet. 


Clearance — What  is  the  difference  between  engine  clear- 
ance   and    piston    clearance? 

G.    B. 

Engine  clearance  Is  the  volume  included  between  the  pis- 
ton, when  at  the  end  of  its  stroke,  and  the  seats  of  the  valve 
at  the  same  end  of  the  cylinder.  Piston  clearance  is  the 
distance  the  piston  wouJd  have  to  travel  beyond  the  end  of  Its 
stroke   to  strike   the   cylinder  head. 


AVelKht  of  >Va«er  at  Temperature  of  Steam  at  ton-l.b. 
Boiler  l>reHNurr — What  la  the  weight  per  cubic  foot  of  water 
In  a  boiler  when  the  water  Is  at  the  temperature  for  generat- 
ing steam  at  100  lb.   per  sq.ln.  boiler  pressure? 

S.  T. 

To  generate  steam  at  100-lb.  boiler  pressure  or  114.7  lb. 
absolute,  the  water  would  be  at  a  temperature  of  337.9  deg.  P., 
and  at  that  temperature  It  weighs  56.02  lb.  per  cu.ft. 


Rvnporatlon  from  and  at  212  DeK.  F. — Tn  considering  the 
performance  of  a  boiler  what  Is  meant  by  equivalent  evapora- 
tion "from  and  at  212  deg.  F."? 

a.   n. 


The  evaporation  that  would  have  resulted  from  the  trans- 
fer of  the  same  amount  of  heat  when  the  feed  water  is  sup- 
plied at  212  deg.  F.  and  the  steam  is  generated  at  a  pressure 
equal  to  the  normal  atmospheric  pressure,  or  14.7  lb.  absolute. 
Under  these  conditions  the  steam  would  be  generated  "at" 
212  deg.  F.   "from"  water  at  212   deg.   F. 


DilTerenee  of  Expansion  in  Vertical  Roller — What  would 
cause  inequality  in  expansion  of  the  outside  sheets  and  tubes 
of  a  vertical  fire-tube  boiler? 

E.  M.  S. 

From  coatings  of  nonconducting  materials  on  the  inside 
of  the  boiler  the  outside  sheets  would  be  at  a  lower  temper- 
ature and  the  tubes  would^^be  at  a  higher  temperature  than 
that  of  the  water  and  steam,  and  there  would  be  a  difference 
in  expansion  due  to  the  difference  of  temperatures  of  the  mate- 
rials. There  is  also  a  difference  in  expansion  of  the  shell  and 
of   the   tubes   due    to   difference    in    structure    of    the    materials. 


Cushion  Valves  on  Duplex  I'umii — Wliat  is  the  purpose  of 
cushion  valves  on  a  duplex  pump? 

J.    P. 

When  the  piston  in  the  steam  cylinder  passes  over  the  inner 
or  exhaust  ports  no  furtiier  exhaust  steam  can  escape  and 
without  cushion  valves,  whatever  steam  then  remains  in  the 
cylinder  acts  like  a  cushion  by  being  compressed  between 
the  piston  and  cylinder  head.  This  compression  may  be 
excessive  and  by  means  of  cushion  valves,  which  connect 
the  outer  or  steam  ports  and  passages  of  the  cylinder  with 
the  inner  or  exhaust  passages,  the  amount  of  compression 
can  be  reduced  by  permitting  the  escape  of  more  or  less  -^f 
the  compressed  steam  into  the  exhaust  passage  by  way  of  the 
steam  passage. 

Use  of  Steam  Siphon  «lth  rompressetl  \lr — Why  will  not 
a  steam  siphon  raise  water  when  operated  by  compressed 
air? 

J.  M.  D. 

Because  the  form  of  the  siphon  is  not  adapted  to  the  use 
of  compressed  air.  A  steam  siphon  operates  by  condensation 
of  steam  witliin  the  steam  tube  and  by  continuation  of  the 
velocity  of  the  steam  as  condensate.  After  leaving  the  tube 
the  air  and  water  ahead  of  the  tube  are  driven  forward  to  the 
discharge  outlet  of  the  siphon  accompanied  by  a  relief  of 
pressure  from  the  suction  chamber.  When  compressed  air  is 
used  it  has  a  tendency  to  expand  upon  leaving  the  tube  and 
unless  the  tube  and  surrounding  spaces  are  sufficiently  favor- 
able to  concentration  of  the  energy  of  the  air  beyond  the 
water  outlet,  expansion  of  the  air  causes  back  pressure  in  the 
suction  chamber,  w^hich  hinders  siphonage  in  the  same  man- 
ner iis  when  the  suction  chamber  is  filled  with  uncondensed 
steam. 


Force  Required  to  Stop  a  llody — In  what  time  and  space 
will  a  "weiglit  of  640  tons  moving  at  a  velocity  of  44  ft.  per 
sec.   be  brouglit   to   rest  hy  a  resistance   of  one   ton? 

W.    R.    B. 

The  acceleration  of  gravity  is  32.16  ft.  per  sec,  and  the  force 
of  gravity  acting  on  a  mass  weighing  640  tons  will  bear  the 
same  relation  to  the  acceleration  of  gravity  as  the  resistance 
one  ton  bears  to  the  acceleration  or  retardation  which  is 
created:    i.e.,    calling    the    retardation    x, 

640  :   32.16    :    :   1    :  x,  or  x   =   0.05  ft.  per  see. 
As    time    —    velocity    -i-    acceleration,    the    time    required    for 
bringing   the   mass   to   rest   would    be 


44 


sec,  or  14  min.  40  sec. 


and  as  the  space  covered   would   be   %   the  initial  velocity   X 
time,  the  space  required  would  be 

%    X    44    X    880   =    19,360  ft. 


=    Si    miles. 


[Correspondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  Is  necessary  to  guarantee  the  good  f.ilth  of  the  communi- 
cations  and    for   Inquiries   to    receive    attention. — EDITOR] 
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Last  Lesson's  Answkks 
'id.     From  equation  (33) 

"  =  -iTS 

wlwix'  a  =  The  desired  acceleration  ; 
y  =  The  velocity,  4-1  ft.  jjcr 
S  =  The  ppa'-e.  'f^Od  ft. 

_4-t.X  44 
Hence.   «  -  ^^  goo 

'^7.      From  equation    (40) 

T',-  =  r-  —  -^  aS.  or  -i  «; 
where  U  =  6t;  ft.  per  second  ; 

r  =  2:>   ft.   ]ier  second  ;  ami 
,s'  =  100(1  ft. 
Tlierefore, 

_  ^72  _  V'  _  60^— 222 
"  2  ,S  2^  lOOO 

78.  An  acceleration  of  2  ft.  i)er  sec.  per  sec.  means  that 
for  every  second  the  body  is  in  motion  the  increase  or  gain 
in  velocity  is  2  ft.  per  sec.  Then  the  gain  in  velocity  in  feet 
per  minute  for  every  .second  the  body  is  in  motion  would 
equal  GO  X  2  or  120  ft.  per  niin.  per  sec.,  which  is  to 
say  that  at  the  end  of  one  minute  the  body  would  be  mov- 
ing with  a  velocity  of  120  ft.  per  sec.  Likewise  the  gain 
in  velocity  in  feet  per  hour  would  equal  120  X  60  or 
7200  ft.  ]ier  hour  per  sec.     Since  there  are  5280  ft.  in  a 

7200 

mile,  7200  ft.  will  equal  ^^r-n;  =  1.36  miles.     Hence  an 

o2bU 

acceleration  of  2  ft.  per  sec.  per  sec.  is  equivalent  to  an 
acceleration  of  1.36  miles  per  hour  per  sec.  Xow  if  the 
velocity  is  increasing  at  the  rate  of  1.36  miles  per  hour 
for  every  second  the  body  is  in  motion,  then  for  every 
hour  the  body  is  in  motion  the  gain  in  velocity  would  be 
3600  X  1.36  =  4896  miles  per  hour.  Therefore,  an  ac- 
celeration of  2  ft.  per  sec.  per  sec.  is  equivalent  to  an 
acceleration  of  4896  miles  per  hour  per  hour.  This  shows 
that  the  value  of  a  given  acceleration  varies  directly  as 
the  square  of  the  factor  changing  the  unit  of  time,  and 
inversely  as  the  factor  changing  the  unit  of  length. 

79.  From  equation  (39) 

T^,  =  r  —  uT  or  a  =  ^  ~^^  '■ 

Jn  this  problem 

r  =  88  ft.  per  sec; 

T\  =  22  ft.  per  sec. ; 

T  =  20  sec. 

Hence. 

88  —  22       66       .,  .,    ., 
a  =         ^,.        =  .,--.  =  •5.3  //.  2>er  sec.  per  sec. 


20  20 

From  equation    (40) 

=  £/•■=•-  2rt.S'  or  S  = 


v\ 


2  a 


88-''  —228 
~2X  3T3~ 


UxiFOint  AXD  Ac'ci:li:uati:d  ^Motion  (C'oxtixueu) 

Space  maif  he  represented  graphicalhj  hij  an  area,  just 
as  the  work  done  in  an  engine  cylinder  is  proportional  to 
the  area  of  the  indicator  diagram.  It  has  previously  been 
shown  that  the  space  traversed  by  a  body  is  the  prodiut 
of  the  average  velocity  times  the  time;  tlierefore.  for  an 
area  to  represent  space,  the  base  of  the  figure  must  re) 


Fici.  64. 


sent  time  anc 
locitv   of   the 


110(1  ft. 


the  altitude  of  the  figure  represent  the  ve- 
IhhIv. 

Thus,  in  Fig.  64,  let  the  distances  measured  parallel  to 
the  axis  OX  be  proportional  to  the  time,  and  the  distances 
measured  parallel  to  the  axis  OY  be  proportional  to  the 
velocity  of  the  body.  Xow  suppose  a  body  moves  for  an 
interval  of  time  in(3icated  by  the  line  AB  and  during  this 
time  the  velocity  varies  as  shown  by  the  irregular  line 
ACDEFB,  then  the  space  passed  over  by  the  body  will  be 
given  by  the  area  ACDEFBA,  for  this  area  is  equal  to 
the  product  of  the  base  AB  (which  corresponds  to  a  cer- 
tain interval  of  time)  and  the  altitude  which  is  the  aver- 
age height  of  the  figure  and  represents  the  average  ve- 
locity. In  a  case  like  this  the  average  velocity  can  be 
f'btained  by  dividing  the  figure  by  vertical  lines  into  10  or 
20  smaller  areas,  measuring  the  mean  height  of  each 
and  finding  the  average  height  of  them  all. 

A  graphical  representation  affords  an  easy  method  for 
becoming  familiar  with  the  formulas  for  uniform  and  ac- 
celerated motion.  In  Fig.  65  let  the  line  AB  represent  a 
given  interval  of  time  of  T  sec. ;  let  the  line  AC  be  the 
initial  velocity  V  of  the  body  in  feet  per  second;  and  the 
line  BE  give  the  final  velocity  T'^  of  the  bodv.  Draw  the 
line  CD  parallel  to  AB.  Evidently  the  line  BE  will  be 
the  gain  in  velocity  during  the  interval  of  T  seconds,  since 
the  line  DB  =  .IT  =  U.  But  this  gain  in  velocity 
is  equal  to  the  acceleration  times  the  time  or  aT.  The 
figure,  then,  shows  at  a  glance  that  the  final  velocity  T, 
is  equal  to  the  initial  velocity  U  plus  the  gain  in  velocity 
which  is  aT,  or 

1\  =  r  +  aT 
which  is  the  same  as  equation  (35). 

If  the  body  is  moving  with  a  uniform  velocity,  only 
the  space  traversed  in  T  sec.  will  be  equal  to  the  area 
AC  DBA  or  UT.  Likewise  if  the  body  starts  with  an  initial 
velocity  of  17  ft.  per  see.  and  moves  for  T  see.  with  an 
acceleration  of  a  ft.  per  sec.  per  sec.,  then  the  space  passed 
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over  will  be  given  by  the  area  ACEBA,  which  ninv  be  di- 
vided into  the  two  "areas  ACDBA  and  CDEC. 
area  CDEC  =  aT  X  V2T  =  VkaT^ 
(The  area  of  a  triangle  equals  the  product  of  one-half 
the    base   times    the    altitude)  ;    and    the    area   ACDBA 
equals   FT.    ITence 

area  ACEBA   =    I'T  +   i/^aT- 
or  the  space  passed  over  is  the  same  as  by  equation  (34). 

Again,  if  the  body  is  moving  with   a  deceleration  in 

addition  to  its  initial  velocity,  then  the  space  traversed 

will  be  given  by  tlie  area  ACFBA,  where  the  line  DF 

equals  the  loss  in  velocity  or  aT  (of  course,  in  this  case  a 

is  the  deceleration  in  feet  per  second  per  second).     But 

area  ACFBA    =  area  ACDBA   —  area   CDFC 

=  FT  —  VoaT- 

which  is  the  same  as  given  liy  equation  (38). 

Fallixg  Bodies 

Gravity  attracts  all  bodies  toward  the  earth  with  an  ac- 
celeration which  varies  with  the  location  of  the  body  rela- 
tive to  the  center  of  the  earth.  This  acceleration  is  the 
same  on  all  bodies,  independent  of  their  size,  shape  or 
weight.  If  a  feather  and  a  lead  ball  were  put  in  a  vessel 
from  which  all  the  air  had  been  removed,  it  would  be 
found  that  both  objects  would  fall  at  the  same  rate.  How- 
ever, if  tlie  ball  and  the  feather  were  dropped  from  the  top 
of  a  building  it  is  evident  that  the  ball  would  reach  the 
ground  long  before  the  feather,  simply  because  the  resist- 
ance of  the  air  acts  as  a  retarding  force  on  the  feather  to  a 
greater  extent  than  it  docs  on  the  ball.  Further,  if  a  body 
tails  under  the  action  of  gravity  alone,  the  velocity  of  the 
body  will  increase  at  a  uniform  rate.  The  acceleration,  due 
to  gravity,  may  be  determined  e.xperimentally  by  the  use  of 
the  Atwood  machine,  which  will  be  described  in  a  later 
lesson.  For  all  practical  purposes,  the  value  of  this  ac- 
celeration may  be  taken  as  33.16  ft.  per  sec.  per  sec,  and 
throughout  the  remaining  lessons  the  letter  g  will  be  used 
to  denote  the  acceleration  due  to  (jravity. 


B  POHtR 


Fig.  (jo. 


If  a  body  lie  dropi)ed  from  the  top  of  a  tower,  (lie  ve- 
locity will  increase  at  the  rate  of  g  ft.  jxr  ^w.  for  every 
Becond  tlie  body  is  falling,  thus  at  the  end  of  the  first 
second  the  velocity  will  be  32.16  ft.  per  sec,  at  the  end  of 
the  second  second  it  will  cfiual  2  X  32.16,  or  6-1.32  ft. 
per  sec,  or,  in  general,  if  an  object  starts  from  rest  and 
falls  under  the  action  of  gravity,  the  velocity  at  the  end 
of  T,  sec.  will  he  r/T^  ft.  per  sec. 

Let  y  =  tlie  filial  velocity  in  feet  jier  second.  Tlicn, 
T'  =  gT,  (11) 

The  average  velocity  will  be  the  sum  of  the  initial  and 
final  velocities  divided  by  2  or 


and  the  distance  the  body  lias  fallen  in  the  given  interval 
of  time  will  equal 

V2gT,  X  T,  or  1/2  gT,\ 
Let  //  equal   the  vertical   distance  the   bodv 
'i'hen,  11  =  1/2  gT^- 

But,  from  equation   (41) 

V 


fallen. 
(42) 


T,  = 


'J 


Substitute  this 
results 


valu 


of  T^  in  equation    (43)    and  there 

^^     g'       -ig 

or  v.,  =   3  gll  (43) 

Problem — A  wrench  is  let  fall  from  the  top  of  an  ele- 

\ator  shaft  which  is  200  ft.  deep.    What  is  the  velocity  of 

the  wrench  when  it  reaches  the  bottom  of  the  shaft?  How 

long  did  it  take  the  wrench  to  fall? 

Solution — To  find  the  velocity  substitute  the  value  of 

//,,  which  in  this  case  is  200  ft.,  in  equation   (43)   thus, 
T'-  =  2gTI  =  2  X  32.16  X  200  =  12,864 

or  y  =  113.4  ft.  per  sec. 

The  time   of  flight   may  be  found   from   equation    (41), 

where   1'  =   113.4  and  (7  =   33.16,  hence 

_  r     113.4 

Assume  a  body  projected  vertically  upward  with  an 
initial  velocity  of  F  ft.  per  sec.  Then  neglecting  the 
friction  of  the  air,  if  it  were  not  for  gravity  the  body 
would  continue  to  move  up  with  a  velocity  of  U  ft.  per 
sec.  However,  the  instant  the  body  starts  upward  grav- 
ity exerts  a  deceleration  of  g  ft.  per  sec  until  the  body 
is  finally  brought  to  rest  at  a  certain  height  above  the 
ground.  The  time  that  will  elapse  before  the  body  comes 
to  rest  may  be  found  l)y  the  use  of  equation  (39)  in 
which  case  T'^  =  0.  a  =  g.  T  =  T,.  Hence 
0  =  r  —  g'r,  or  r  =  gT^ 

and,  r,   =  /^'  (44) 

The  instant  the  velocity  becomes  zero,  the  body  will  im- 
mediately start  to  fall  with  an  acceleration  of  g  ft.  per 
sec  and  at  the  end  of  a  certain  time  will  reach  the 
ground  with  a  velocity  equal  to  that  with  which  the  body 
«as  projected  upward. 

Sttdy  Qukstions 

81.  Does  the  acceleration  due  to  gravity  increase  or 
decrease  with  the  distance  of  the  body  from  the  center  of 
the  earth  ? 

82.  An  object  drojipcd  from  the  toj)  of  a  steel  stack, 
lakes  4  sec.  to  reach  the  ground.  Find  the  height  of  the 
slack. 

83.  A  ball  is  thrown  vertically  ujiward  with  a  velocity 
iif  84  ft.  ])er  sec.  When  will  the  ball's  velocity  become 
zero? 

81.  In  i)roblem  82  how  far  was  the  object  fmni  the 
ground  at  the  end  of  the  second  second? 

S.").  \  standi)ii)e  hO  ft.  high  is  filled  with  water.  With 
what  velocity  will  the  water  leave  a  nozzle  at  the  base  of 
the  standpipe?  (Assume  all  the  head  converted  into  ve- 
locity.) 

m. 

Correction — In  Elementary  Mechanics — TTI,  ..\pr.  7,  1914. 
the  answers  to  problems  8  and  9  should  have  been  1276  lb. 
In  both  cases,  instead   of  as  given. 
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The  semi-annual  meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  held  at  the  HoUenden 
Hotel,  Cleveland,  Ohio,  on  July  9,  10  and  11,  was  well  at- 
tended. 

The  first  session  was  called  to  order  by  President  Samuel 
R.  Lewis,  who  complimented  the  members  on  their  prompt- 
ness in  attendance  and  in  behalf  of  the  society  thanked  those 
who  had  furnished  papers  early  enough  for  the  secretary  to 
send  copies  to  the  members  in  advance  of  tlie  ineeting;  in 
so  doing,  authors  of  papers  promote  the  welfare  of  the 
society  by  stimulating  interest  in  the  meetings,  encourage 
the  attendance  of  members  and  render  material  assistance  to 
the    officers  and   members   in    conducting   the   proceedings. 

The  first  paper  was  by  the  president,  in  the  form  of  an 
address  on  "The  Importance  of  Proper  Perspective,"  in  which 
he  stated  that  one  of  the  limitations  of  the  human  mind  is 
its  normal  inability  to  become  sufficiently  detached  to  view 
tilings  in  their  proper  perspective.  After  talking  the  utmost 
care  in  refining  some  detail  of  a  process,  we  operate  for 
years  in  combining  such  refinement  with  redundant,  uncon- 
sidered rules-of-thumb.  We  are  prone  to  follow  precedent 
at  the  expense  of  progress.  Too  often  "we  fail  to  view  a 
clear  perspective. 

The  most  elaborate  computations  will  be  made,  for  in- 
stance, of  heat  losses,  pipe  sizes  and  radiator  surfaces,  af- 
fecting possibly  one-third  of  the  cost  of  an  installation, 
and  then  we  find  that  the  designer  guessed  at  the  chimney 
size  or  type  or  height,  took  an  incompetent  manufacturer's 
rating  on  a  boiler,  or  rendered  abortive  his  own  detailed 
computations  by  assuming  that  the  manufacturer's  com- 
petitive r.uess  as  to  the  capacity  and  efficiency  of  his  par- 
ticular apparatus   was    correct. 

There  are  many  questions  in  heatinc  and  ventilation  de- 
manding a  better  perspective.  "V.'e  refine  the  artificial  heat- 
ing plant,  spend  time,  dollars,  skill  and  genius  in  elaborating 
the  heat-transmitting  appliances  and  the  fuel-consuming 
devices,  with  no  more  than  a  cursory  investigation  of  the 
type  of  construction  of  the  building,  and  with  no  effort  to 
influence   its   construction   so   as   to   reduce  the   heat   losses. 

There  are  instances  where  5  per  cent,  of  the  cost  of  the 
building,  expended  on  heat  transmission  insulation  rather 
than  on  a  larger  heating  plant,  saved,  in  fuel  charges  alone, 
its  cost  within  three  years.  This  is  a  field  which  is  almost 
unexplored.  ^Ve  kno'W',  however,  that  an  ordinary  sa^vdust- 
paeked  icehouse  with  respect  to  heat  insulation  is  much 
more  efficient  than  an  ordinary  dwelling,  and  how  much 
longer  heat  is  retained  in  an  ordinary  fireless  cooker  than 
in  the  best  insulated  transmission  equipment  of  an  ordinary 
heating  plant. 

We  kno'w  that  poor  insulation  of  walls  and  windo'ws  is 
the  greatest  enemy  of  good  ventilation,  preventing  proper 
diffusion  of  the  fresh  air;  that  tight  windows  or  storni  sash 
permit  of  considerable  fuel  savings,  and  that  warm  winter 
buildings  are  cool  summer  buildings,  but  we  seem  unable 
to  get  enough  perspective  to  use  this  knowledge.  Buildings 
with  rattling  windows  and  no  storm  sash,  thin  walls,  cold 
attics  and  cellars,  direct-indirect  radiators,  unduly  liigh  ceil- 
ings, single  slab  roofs,  etc.,  coupled  with  the  most  ,elaborate 
and    expensive    heating    plants,    should    cease    to    exist. 

In  our  practice  as  engineers,  are  we  losing  perspective 
in  regard  to  the  location  in  the  room  of  the  heat  source? 
Heat  transmission  varies,  among  other  things,  in  a  certain 
proportion  as  the  difference  in  temperature  between  the  hot 
and  cold  objects  varies.  Is  it,  then,  the  best  practice  to  place 
the  hottest  thing  in  a  room  against  the  coldest  object?  With 
reasonably  tight  windov.s  and  fairly  well  insulated  walls, 
the  radiator  may  be  alongside  the  inside  wall  as  satisfac- 
torily as  alongside  the  outside  wall.  M.ay  not  the  radiator 
be  smaller,  will  not  the  piping  be  less  expensive,  will  not 
the  fuel  cost  be  low,  if  this  procedure  is  carried  out  con- 
sistently? 

Is  it  not  a  loss  of  perspective  to  cling  to  the  idea  that 
air  for  ventilation  shall  all  have  been  heated  prior  to  its 
entry  to  a  room?  Our  belief  in  this  is  traditional.  Is  it 
based  on  truth?  It  has  been  demonstrated  that  unhealed 
air,  W'hen  introduced  into  rooms  under  certain  conditions, 
feels  better  than  air  which  has  been  heated.  This  process 
has  proven  good  for  street  cars.  Shall  we  not  hope  for  the 
development  of  the  process  for  buildings,  so  perfected  that 
it  shall  operate  continuously  and  effectively?  It  will  surely 
follow    the    construction    of    properly    insulated    buildings. 

Is  our  perspective  normal  as  affecting  air-cleaning  appar- 
atus?    Are   there   no   natural   processes   from   which   we   may 


take  a  hint  aside  from  the  reduction  of  atmospheric  dust  by 
rain?  Will  not  our  progress  accelerate  when  moisture  con- 
tent and  dirt  removal  from  air  are  seen  clearly  as  separate 
processes?  Is  it  impossible  to  bring  forth  an  air  cleane.- 
■which  shall  operate  continuously,  economically  and  efficiently 
at  less  original  and  maintenance  cost  than  tlie  modern  com- 
mercial air  washer,  and  thus  become  more  popular  by  doing 
for  our  homes,  at  least  approximately,  what  our  nasal  func- 
tions do  for  our  lungs  so  much  more  efficiently  than  any 
of  our  artificial  cleaners?  By  the  inspiration  of  contact, 
the  members  of  the  society  gain  a  clearer  perspective  of  the 
problems  of  their  profession,  and  with  that  clearer  perspec- 
tive there  is  greater  alertness  in  grasping  elements  of  suc- 
cess. 

A  discussion  commendatory  of  the  paper  followed  its 
reading,  and  the  remainder  of  the  first  session  was  taken 
ur  by  reports  of  special  committees  and  the  reports  of  the 
committees  on  "Heat  Transmission  of  Direct  Radiators."  by 
J.  A.  Donnelly,  chairman:  "Reducing  Fire  Risks  in  Blower 
System,"  by  A.  M.  Feldman,  chairman;  "Standardizing  a 
Metliod  of  Testing  Air  Washers,"  by  A.  E.  Stacy,  Jr.,  chair- 
man. No  action  was  talien  on  the  report  of  the  committee 
on  "Cooperation  with  Other  Societies  on  Adopting  a  Standard 
for   Flanges,"    C.    R.   Bradbury,    chairman. 

The  report  of  the  special  committee  on  "Cooperation  with 
Educational  Committee  of  National  District  Heating  Associa- 
tion" was  referred  to  the  publication  committee  for  the  coun- 
cil  to   pass   upon. 

Tlie  second  session  was  held  during  the  afternoon,  and 
was  occupied  by  the  reading  and  discussion  of  many  topics 
of  professional  interest.  Through  the  courtesy  of  President 
Lewis,  this  session  was  presided  over  by  Prof.  John  R. 
Allen,  M.  E.,  of  the  University  of  Michigan,  past-president 
of  the  societj'.  The  first  business  was  the  reception  of 
the  report  of  the  special  committee  on  "Model  Compulsory 
Ventilation  La'w,"  by  J.  D.  Hoffman,  chairman.  There  was 
an  interesting  discussion  of  the  committee's  report  by  Messrs. 
Weinshank,  Chapman  and  others,  and  the  discussion  was 
clarified   by  the   lucid   guidance   of  Prof.   Allen. 

D.  L.  Cooke  presented  a  paper  on  car  ventilation,  which 
showed  surprising  thoroughness  ■n'ith  wliich  systems  of  ven- 
tilation had  been  devised  for  passenger  cars  and  how  diffi- 
culties had  been  overcome.  Descriptions  "were  given  of  suc- 
cessful applications  of  the  most  approved  principles  of  ven- 
liliation.  Discussion  of  this  paper  was  taken  up  along  with 
that  on  "Electric  Car  Heating  and  Temperature  Control," 
by  ^V.  S.  Hammond,  nonmember  and  vice-president  of  the 
Consolidated  Car  Heating  Co.,  which  ■was  read  by  the  secre- 
tary. This  paper  presented  many  interesting  facts  and  sta- 
tistics on  car  heating,  showing  the  advantages  of  electric 
hearing  service  for  cars  and  fallacies  of  arguments  that  have 
been  advanced  as  to  the  extravagance  of  this  system  of  car 
heating. 

Among  other  data  of  interest,  it  was  stated  that  steel 
cars  require  at  least  30  per  cent,  more  heat  than  wooden 
cars  having  the  same  capacity,  and  that  the  number  of 
people  in  a  car  perceptibly  affects  the  amount  of  heat  re- 
quired, tests  seeming  to  show  that  the  body  of  a  man  gives 
out  about  twice  as  much  heat  as  that  of  a  woman,  the  recorSs 
sliowing  a  variation  from  198  B.t.u.  to  400  B.t.u.  per  indi- 
vidual, varying  with  external  temperature  and  character  of 
clothing  worn.  Therefore,  when  10,000  B.t.u.  per  hour  are 
required  for  maintaining  proper  temper.-iture  of  a  car,  at 
the  rate  of  200  B.t.u.  per  person  per  hour,  the  car  would  be 
sufficiently  heated  by  the  presence  of  50  persons.  The  prac- 
tical bearing  cf  this  is  that  if  heat  is  supplied  at  a  uniform 
rate  it  would  result  in  overheating  during  the  periods  of 
heavy   traffic. 

By  automatically  controlled  electric  heating  a  comfort- 
able degree  of  heat  can  be  maintained,  and  at  the  same  time 
it  allows  the  use  of  the  extra  power  for  propelling  cars  at 
times  when  travel  is  the  heaviest.  The  paper  also  calls 
attention  to  the  fact  that  it  would  be  but  fair  for  a  com- 
pany considering  the  advisability  of  employing  electricity 
for  car  heating  to  consider,  not  the  proportionate  cost  of 
current  consumed,  but  rather  to  charge  against  the  heating 
system  only  the  cost  of  additional  current. 

A  paper  on  "Radiation  Needed  for  Exposed  Kitchens  when 
Gas  Is  Used  for  Fuel"  was  presented  by  J.  A.  Donnelly,  and 
one  on  "Natural  Gas  Heaters"  was  read  by  O.  J.  Heunhold. 
The  discussion  of  these  was  merged  with  the  special  topics 
for    discussion    on     "The    Economy    of    Heating    by    Natural 
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Gas"  and  "To  What  Extent  Can  We  Economically  Use  Manu- 
factured  Gas   for  Heating?" 

A  discussional  letter  bearinK  on  the  use  of  manufactured 
gas,  from  R.  P.  Bolton,  was  read  by  the  secretary,  in  which 
Mr.  Colton  stated  that  from  data  which  he  had  collected  in 
relation  to  the  cost  of  coal  for  heating-  at  a  typical  New  York 
City  heating  plant  during  those  months  or  the  heating  sea- 
son which  require  but  little  heat,  he  was  persuaded  that 
there  should  he  a  very  decided  saving  by  the  use  of  manu- 
factured   gas   as    fuel    at    such    times. 

Georse  S.  Burrows,  nonmember,  of  the  United  Gas  Im- 
provement Co.,  of  Philadelphia,  being  present,  was  called 
upon  for  information  on  the  subject  of  the  use  of  manufac- 
tured gas  for  heating  purposes.  The  speaker  showed  that 
he  had  been  extensively  engaged  in  encouraging  and  ex- 
tending the  use  of  manufactured  gas  with  special  regard 
to  warming  buildings,  and  could  hardly  state  that  SO-cent 
gas  could  compete  with  $6  coal  for  warming  by  the  best 
appliances  developed  to  the  present  time.  There  is,  how- 
ever, a  broad  field  in  the  use  of  manufactured  gas  where 
the  saving  of  labor,  cleanliness  and  convenience  are  of  greater 
consideration  than  the  first  cost  of  fuel,  but  before  manu- 
factured gas  can  successfully  compete  in  cost  with  the 
grades  of  coal  ordinarily  employed  for  heating  buildings, 
there  will  have  to  be  radical  changes  in  relative  cost,  and 
sweeping  improvements  in  methods  of  burning  gas  in  steam, 
l:ot    water   and    other   types    of   heating   apparatus. 


struction  of  odors  which  accompany  noxious  exhalations 
might  not  be  beneficial  physically  througn  psychological  in- 
fluence. 

The  concluding  professional  session  was  convened  on  the 
morning  of  July  11,  the  first  paper  being  presented  by  Nor- 
man A.  Hill  on  "The  Heating  Industry  in  Canada,"  in  which 
the  author  touched  upon  the  peculiarities  of  Canadian  trade 
practice,  and  practices  in  steam  vapors  and  hot-water  heat- 
inff,  and  the  absence  of  air  conditioning,  together  with  com- 
ments on  contract  practices  and  opportunities  for  manufac- 
turers   of    ventilating    and    heating   apparatus. 

R.  P.  Bolton  read  a  paper  on  "Hydro-Electric  Power  Com- 
pared with  Steam,"  claiming  that  the  burden  carried  in 
development  of  water  powers  was  not  generally  vparranted 
in  competition  with  the  cost  of  developing  power  by  steam,  and 
that  the  problem  of  coal  conservation  is  rightfully  within 
the  province  of  those  branches  of  engineering  which  are 
devoted  to  the  economical  development  of  heat.  The  only 
other  paper  read  was  presented  by  Secretary  J.  J.  Black- 
more,  on  "Our  Society,  Its  Aims  and  Opportunities,"  which 
was    replete    in    words    of    enthusiasm    and    encouragement. 

Before  adjournment.  President  Lewis  took  occasion  to 
congratulate  the  members  on  the  success  of  the  meeting, 
which  he  said  was  largely  due  to  the  perfect  arrangements 
and  untiring  efforts  of  the  reception  committee,  Messrs. 
J.  H.  Bacon,  Jr.,  W.  H.  Kingsbury,  R.  S.  Mayer,  F.  G.  Phegley 
and    F.    H.    Valentine. 
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A  discussion  on  the  employment  of  natural  gas  for  heat- 
ing purposes,  in  which  many  of  the  members  participated, 
revealed  the  consensus  of  opinion  that  natural  gas  could 
not  be  satisfactorily  employed  as  fuel  for  heating  apparatus, 
unless  in  specially  designed  furnaces,  and  that  the  requisites 
of  coal-burning  furnaces  of  designs  usually  given  to  heating 
apparatus  make  their  employment  for  gas  burning  awkward 
and  inefficient.  From  the  testimony  of  members  present 
from  various  sections  where  natural  gas  is  available,  the 
experience  has  been  quite  uniform  that,  in  consequence  of 
the  increase  in  price  and  shortage  of  supply  during  colder 
portions  of  the  heating  season,  consumers  have  generally  had 
to  fall  bark  on  coal  as  a  fuel  during  the  coldest  part  of 
the  heating  .season.  For  that  reason,  and  to  cover  uncer- 
tainties In  the  supply,  heating  apparatus  suitable  to  coal 
burning  Is  generally  regarded  as  Indispensable,  and  in  view 
Of  the  Iradaptabllltv  of  the  usual  coal  furnace  designs  to 
gaseous  fuel,  natural  gas  can  rarely  be  employed  alternately 
or  In  combination  with  solid  fuel  without  providing  a  .special 
furnace  for  each,  the  usual  method  being  to  employ  a  gas 
heater  connected  to  the  ordinary  forms  of  coal-burnlng 
boilers. 

The  third  professional  session  was  held  on  the  morning 
of  July  10.  "Reduction  or  Elimination  of  Noise  in  Me- 
chanical Ventilating  Apparatus"  was  the  subject  of  a  paper 
presented  by  R.  W.  Pryor,  Jr.  A  pa))er  having  for  Its  subject 
"Ozone  and  Ventilation,"  by  M.  W.  Franklin,  brought  out 
a  spirited  discussion  on  the  efficacy  of  artificially  produced 
ozone,  whether  its  presence  afforded  more  than  a  mask  for 
offensive    odora    and    whether    in    ventilation    the    actual    de- 


The  president's  expressions  of  appreciation  were  warmly 
seconded  by  remarks  of  several  members,  .and  after  tender- 
ing the  reception  committee  a  vote  of  thanks  for  their  suc- 
cessful labors  the  meeting  was  declared  adjourned. 

EXCURSIONS    AND    ENTERTAINMENTS 

On  the  afternoon  of  Friday  the  members,  ladies  and 
L'uests  of  the  society  made  a  visit  of  inspection  to  the  lab- 
oratories of  the  National  Lamp  Works  of  the  General  Elec- 
tric Co.  at  Nela  Park,  where  they  were  agreeably  entertained 
and  instructed  by  an  illustrated  lecture  on  "Effects  of  Di- 
rection and  Distribution  of  Light,"  by  Dr.  M.  Luckiesh,  of 
the  Physical  Laboratory  of  the  National  Electric  Lamp  As- 
sociation. The  party  was  then  conducted  to  the  instruction 
and  recreation  camp  of  the  company,  where,  under  the 
courteous  guidance  of  L.  H.  Britton,  manager  of  sales  de- 
partment, and  his  assistants,  Inspection  was  made  of  the 
lamp  company's  complete  and  extensive  jjrovision  tor  en- 
tertaining delegations  of  Its  employees  and  instructing  them 
In  the  technical  and  commercial  branches  of  electrical  illum- 
ination. After  partaking  of  refreshments  furnislied  by  their 
hosts,  the  party  returned  to  the  Hollenden  with  impressions 
of  a   delightful    half  day's   outing. 

Other  entertainment  provided  by  the  reception  committee 
consisted  of  automobile  trips  for  the  ladles,  a  musicale  and 
refreshments  in  the  assembly  room  of  the  Hollenden  on 
Thursday  evening,  group  shopping  tours  for  the  ladles,  a 
banquet  at  the  Hollenden  on  Friday  evening,  and  on  Sat- 
urday an  automobile  trip  for  th«  ladies  to  Euclid  Parle  and 
return. 


114 


1'  ()  W  E  U 


Vol.  40,  No.  3 


At  the  recent  meeting  of  the  .American  .Society  o£  Mechan- 
ical Engrineers,  A.  M.  Levin  described  an  apparatus  for  meas- 
uring the  flow  of  steam  or  other  fluids  in  closed  channels. 
Instead  of  determining  the  velocity  of  the  fluid  from  its  in- 
ertia pressure,  as  in  the  pitot  tube  and  the  venturi  meter, 
the  centrifugal  pressure  is  measured  as  the  fluid  passe; 
through  an  elbow.  This  elbow,  as  shown  in  the  cross-section, 
is  provided  with  suitable  pressure  ports  through  which  the 
pressures  may  be  transmitted  to  an  ordinary  U-tube  mano- 
meter. 

The  formulas  relating  to  this  flow-bend  are  of  the  same 
form  as  those  applying  to  the  pitot  tube,  except  that  there  is 
prefixed  a  mul- 
tiplier which  de- 
pends on  the 
ratio  of  the  di- 
ameter or  width 
of  the  channel 
to  the  mean 
radius  of  curva- 
ture of  the  bend. 
Where  the  den- 
sity of  the  fluil 
remains  c  o  n  - 
stant,  the  ex- 
pression for  the 
velocity  is 


Vm  =- 


;Xl/  2gH 


=  \2D 

Vm  —  Mean  lin- 
ear velo- 
city: 

p  =  Mean  radi- 
us   bend; 

D    =  Diameter  of 

pipe  or  width  of  channel 
g   =   32.16; 


;i-\(i  Ki;nd 


walls    of 
and     ex- 


H    rr    Difference    in    pressure   at    outer    and    inne 
bend     as     measured     by     the     manomete 
pressed  in   feet  head  of  the  fluid. 
The  second   term   of  the  expression    (t^  2  gH)    is  that  ordi- 
narily appl>"ing  to  the  pitot  tube. 
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'Engineering  Data  Committee."  re- 
cently submitted  at  the  Detroit  convention  of  the  A.  I.  E.  E., 
contains  much  valuable  information  relative  to  the  practices 
of  power  companies  supplying  high-tension  transmission  sys- 
tems. The  material  is  compiled  from  the  replies  of  twenty- 
five  companies  each   transmitting  at  25,000   volts  or  over. 

Neglecting  much  of  that  part  of  the  report  dealing  with 
construction  features,  some  of  the  questions  and  answers 
relating  more  particularly  to  the  operating  practices  are  in 
abstract  as  follows: 

Of  the  twenty-five  systems,  only  two  are  exclusively 
hydro-electric,  one  exclusively  steam  and  the  remainder  com- 
bination. 

Seventeen  companies  employ  a  grounded  neutral,  most  of 
them,  however,  through  little  or  no  resistance. 

Electrolytic  lightning  arresters  are  employed  by  sixteen 
companies;  three  use  the  horn  gap;  one  both  horn  gap  and 
electrolytic  and  two  multigap  and  electrolytic.  One  small 
system  in  California  transmitting  at  60,000  volts,  does  not 
use  any  lighting  arresters  at  all.  Twelve  charge  the  electro- 
lytic arresters  daily,  one  twice  a  day,  and  three  twice  a  day 
in  winter  and  three  times  in  summer.  The  majority  charge 
through  no  resistance. 

To  open  a  short-circuit  on  the  line,  which  holds  on.  the 
general  practice  seems  to  be  to  reduce  the  voltage  of  the 
generators.  One  company,  however,  separates  the  system 
into  sections  and  cuts  out  the  step-up  transformers  on  the 
high-tension  side. 

Automatic  overload  relays  appear  to  be  used  generally,  and 
are  of  both  the  definite  and  inverse  time  limit  type.  The 
overload  settings  range  from  100  to  300  per  cent,  overload  and 
the  definite  time  limits  from    \i   to  10  seconds. 

The  majority  of  the  companies  reported  inability  to  carry 
a  synchronous  load  through  a  heavy  main  line  short-circuit, 
although  a  few  claimed  to  be  able  to  do  so  under  such  condi- 
tions when  the  arc  was  cleared  by  arc  suppressers.  The 
practice  of  nearly  all  the  plants  in  locating  line  trouble  is  to 
sectionalize  the   line   and   test  with   the  generator   voltage  and 


the  patrol.  One  company  uses  a  wheatstone  bridge  for  this 
purpose,   and   two   others  employ  a   special   loop   test. 

While  most  of  the  companies  have  had  no  trouble  with  oil 
switches,  one  reported  trouble  due  to  breakdown  of  the  bush- 
ing from  liglitning  or  surges.  Another  had  experienced  trouble 
from  repeated  operation  on  short-circuits  without  overhaul- 
ing, while  a  third  said  the  type  H-3  and  K-10  switches  had 
always  opened  short-circuits  successfully,  but  sometimes  the 
switches   were   nearly   wrecked. 

With  regard  to  the  use  of  reactance  to  balance  charging 
current,  one  company  reported  the  use  of  shunt  inductance 
coils  at  one  end  of  the  line.  These  have  a  loading  value  of 
2000  kv.-a.  and  are  arranged  for  being  cut  in  by  steps.  They 
have  been  found  valuable  in  tying  together  two  plants  with 
little   voltage   disturbance. 


IBs'S'^yiiffi^  C®<,5  Sto  IL/©^aSs,  M©. 

At  1:25  a.m.,  on  June  29,  a  flywheel  burst,  on  a  100-ton  ara- 
mbnia  compressor,  at  the  Union  Brewing  Co.'s  plant  in 
St.  Louis.  A  general  diagram  of  the  engine  room  and  its  sur- 
rounding is  shown  in  Fig.  1.  The  flywheel  was  14  ft.  in  diam- 
eter and  13xl6-in.  cross-section  of  rim,  made  in  halves  and 
secured  by  bolts  through  flanges  in  the  rim  and  hub;  it 
weighed  40,000  lb.  The  compressor  was  operated  normally  at 
50  r.p.m.,  and  was  the  largest  of  three  in  the  plant. 


Fiti.  1.  Plan  and  Elevation  of  Plant,  Showing 
Direction  Taken  by  Flywheel  Parts 

The  accident  was  caused  by  the  worlving  out  of  a  small 
key,  that  fastened  the  bell-crank  lever  to  the  steam  admission 
valve,  on  the  crank-end  when  the  admission  valve  was  T.-ide 
open,  thus  allowing  the  machine  to  run  away  and  burst  the 
flywheel  by  centrifugal  force.  As  evidence  that  this  was  the 
cause,  the  feed  water  heater,  which  was  out  of  the  path  of 
flying  parts,  was  burst  l)y  the  live  steam  pressure  blowing 
through  the  exhaust  port  on  the  crank-end  into  it,  the  open 
steam  valve  permitting  boiler  pressure  to  follow  the  piston 
full  stroke.  The  engineer  observed  the  increased  speed  and  at- 
tempted to  stop  the  compressor,  hut  the  throttle  was  difficult 
to  reach  froim  the  floor  and  hard  to  turn,  and  he  was  forced 
to  leave  before  the  throttle  could   Vie  fully   closed. 
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Fio.  2.  Wkeckage  Caused  by   Flywheel   Explosiox, 
Looking  at  the  Condenser  and  Steam  Header 

When  the  flywheel  burst,  one  piece  weighing  about  three 
tons  went  through  the  second  floor,  which  was  of  concrete, 
cutting  oft  an  18-in.  I-beam,  then  through  an  ammonia  con- 
denser and  concrete  roof  and  came  down  through  the  concrete 
roof,  through  the  third  floor  and  came  to  rest  on  the  second 
floor   of  an   adjoining  building. 

Another  large  piece  xvent  up  on  an  angle  of  about  20  de- 
grees through   the   18-in.   brick   wall  of  the   engine   room   and 


Condemnation  of  Land  hy  Power  Companies — The  validity 
of  the  Alabama  law  which  authorizes  a  power  company  to  con- 
demn dam  sites,  water  rights,  etc.,  including  water  rights  of 
factories  in  excess  of  the  needs  of  such  factories  at  normal 
stages  of  the  stream,  is  sustained  in  a  long  opinion  recently 
announced  by  the  Alabama  Supreme  Court  in  the  case  of  Ala- 
bama' Interstate  Power  Co.  vs.  Mt.  Vernon-"^'oodberry  Cotton 
Duck  Co.,  65  "Southern  Reporter,"  287.  The  decision  proceeds 
upon  the  theory  that  use  of  property  to  develop  electricity 
for  distribution  to  the  public  is  a  public  use,  within  the  prin- 
ciple of  law  that  limits  the  right  to  condemn  land  to  cases 
where  public  use  is  involved.  In  the  same  opinion  the  right 
of  a  foreign  power  company  to  condemn  land  under  the  law 
is  recognized. 

Seattle  Can  Sell  Power — Sale  of  power  is  an  incidental 
part  of  the  Seattle  city  ligliting  department,  according  to  the 
supreme  court  of  "U'ashington,  in  a  decision  handed  down  in 
the  case  of  Albert  Chandler  and  wife  against  the  City  of 
Seattle,  validating  the  $425,000  bond  issue  authorized  a  year 
ago  for  the  construction  of  an  auxiliary  steam  power  plant 
en   Lake    Huron. 

Because  of  the  failure  of  the  Legislature  to  mention 
the  word  "power"    in  authorizing   the   city   to   issue   bonds   for 


Fig.  ;;.  ().\E-IhM)in;iJ-Tox  Capacity  Ammonia  Coju'rkssor  Wrecked  by  Flywiumi,  Kxplosion'- 


lodged  in  the  30-in.  wall  of  a  building  across  the  alley.  A 
third  piece  struck  a  10-in.  extra-heavy  steam  header  and  tore 
oft  a  section  about  10  ft.  long,  Fig.  2,  stripping  off  the 
threads  from  the  flanges  and  bending  the  pipe  double.  It 
then  went  through  a  window  and  out  into  the  street  followed 
by  one  of  the  spokes.  Fig.  3  shows  the  wreck  caused  by 
the  accident.  The  Ice  machine  was  wrecked,  ammonia  con- 
densers demolished,  electrical  and  other  machinery  damaged. 
P.reaking  of  the  steam  header  and  ammonia  piping  caused 
the  loss  of  10,800  lb.  of  ammonia  in  the  system,  valued  at 
J2700.  That  everyone  in  the  plant  was  not  instantly  killed 
by  the  liberated  liquid  ammonia  is  probably  'lue  to  the  strong 
chemical  afflnlty  that  ammonia  has  for  water.  Fortunately  the 
section  of  the  wheel  that  cut  the  ammonia  pipes  also  cut  the 
steam  main  so  that  the  liberated  ammonia  combined  with  the 
llbr-rated  steam  vapor,  thus  f^)rmlnqr  aQua-ammonia  and  pre- 
venting the  death  of  those  about  the  plant.  Some  of  the  em- 
ployees held  their  heads  out  of  the  windows,  while  others 
rushed  to  cold  storage  rooms  and  shut  themselves  In  to  es- 
cape from  the  deadly  fumes.  None  of  the  seven  men  on  duty 
were  Injured.  The  financial  loss  was  fully  protected  under 
a  policy  of  flywheel  Insurance  carried  by  the  Fidelity  &  Cas- 
ualty Co..  of  New  York.  Under  this  policy  the  full  amount 
of  the  loss,  $13,423,  was  paid  four  days  after  the  accident  oc- 
curred. 


the  establishment  and  maintenance  of  a  lighting  plant,  C.  B. 
Masslich,  of  Caldwell,  JIasslich  &  Reed  of  New  York,  who 
have  passed  on  all  Seattle's  securities,  raised  the  question  as 
to  whether  all  light  and  power  bonds  should  not  be  a  charge 
against  the  5  per  cent,  of  the  assessed  valuation  allowed  for 
general  fund  purposes  rather  than  against  the  5  per  cent. 
authorized  for  water,  light  and  power  purposes.  Masslich 
suggested  a  friendly  suit  In  order  to  determine  this  question. 
This  decision  affirms  throughout  that  of  the  King  County 
superior  court,  upholding  the  validity  of  the  light  and  power 
bond   issues   In  question. 

Duty  to  K«wp  Electric  WlrcB  Innulateil — An  electric  com- 
pany which  maintains  wires  extending  through  the  branches 
of  trees  is  bound  to  take  notice  of  the  habit  of  boys  to  climb 
trees,  and  must  keep  the  wires  insulated  to  avoid  Injury  to 
trespassing  boys.  At  least  this  is  the  holding  of  the  North 
Carolina  Supreme  Court  In  the  recent  case  of  Benton  vs. 
North  Carolina  Tublic  Service  Company,  81  "Southeastern 
Reporter,"  44S.  The  court  recognizes  In  Its  opinion  that  this 
rule  Is  not  applied  in  all  the  states,  but  states  that  It  finds 
support  "not  only  in  reason  and  a  sound  policy,  but  In  a 
number  of  decided  cases,"  Including  decisions  of  the  highest 
rourts  of  Mississippi,  Kansas,  Connecticut  and  Pennsylvania. 
Tn  thi  North  Carolina  case  It  appears  th.it  tiie  wire  had  been 
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insulated,  but  ihat  it  became  uncovered  through  friction  be- 
tween it  and   the  nearby  branches   of  the  tree. 

When   Private   Power   Plaut    Becomes   n    Public   VtiHty — "A 

corporation,  organized  under  a  charter  authorizing  only  min- 
ing and  sale  of  coal  and  the  exercise  of  rights  incidental  to 
such  business,  but  nevertheless  engaged  in  the  n-ork  of  sup- 
plying, from  an  electrical  plant  instilled  and  maintained  pri- 
marily for  the  operation  by  electric  power  of  its  mining 
machinery  and  the  lighting  of  its  stores,  offlces.  and  tene- 
ment houses,  electricity  for  lighting  purposes  to  practically 
all  such  persons  resident  within  the  incorporated  town  in 
which  its  stores  and  offices  are  located  as  apply  for  such 
service,  at  uniform  rates  of  compensation,  wiring  their  build- 
ings for  its  use,  and  furnishing  them  fixtures,  is  a  public 
service  corporation,  v  ithin  the  meaning  of  the  Public  Service 
Corporation  Act,  and  so  much  of  its  br.sincss  as  is  of  a  public 
nature  is  subject  to  control  and  regulation  by  the  Public 
Service  Commission."  (West  Virginia  Supreme  Court  of  Ap- 
peals, Wingrove  vs.  Public  Service  Commission,  SI  "Atlantic 
Reporter."  734.) 

Coal  Xot  Warranted  to  Be  Dry — When  nut  and  slack  coal 
is  sold  without  any  understanding  between  the  parties  that 
it  is  to  be  used  in  an  automatic  stoker,  there  is  no  implied 
warranty  on  the  part  of  the  seller  that  the  fuel  will  be  dry. 
so  as  to  be  available  for  that  use.  according  to  a  recent  de- 
cision of  the  West  Virginia  Supreme  Court  of  Appeals,  an- 
nounced in  the  case  of  Buffalo  Collieries  Co.  vs.  Indian  Run 
Coal  Co.,  81  "Southeastern  Reporter,"  1055.  In  this  case  it 
appeared  that  a  selling  company  bought  nut  and  slack  from 
a  mining  company  for  delivery  direct  to  its  customers;  that 
first  deliveries  made  to  an  electric  company  for  use  in  a 
power  plant  proved  satisfactory,  but  that  when  the  mining 
company  installed  a  washer  at  its  tipple,  deliveries  of  wet 
coal  proved  unsuitable  for  use  in  the  electric  company's  auto- 
matic stoker,  and  on  that  company's  complaint  the  selling 
company  obtained  coal  for  its  use  elsewhere  and  sought  to 
hold  the  mining  company  liable  for  the  cost  of  this  fuel  in 
excess  of  the  contract  price,  on  the  theory  that  the  mining 
company  had  impliedly  warranted  that  the  coal  would  be  dry 
and  suited  to  use  in  an  automatic  stoker,  but  the  court  de- 
cided in  favor  of  the  mining  company,  saying: 

This  correspondence  shows  that  the  washed  coal  was 
better  than  the  unwashed;  that  it  contained  more  heat  units. 
which  is  the  most  desirable  quality  in  coal.  It  also  tends  to 
show  that  defendant  regarded  it  of  greater  market  value  than 
the  unwashed.  The  defendants  customer  was  the  dissatisfied 
party  not  defendant,  and  its  complaint  was  not  because  of  the 
qualilv  of  the  coal.  The  gravamen  of  its  complaint  was  that 
the  Vashed  coal  would  not  work  well  in  the  automatic  feeder, 
which  carried  the  coal  to  the  furnace.  There  is  no  evidence 
that  plaintiff  sold  the  coal  with  reference  to  its  JDeing  used  in 
any  particular  device  for  the  handling  of  it.  which  required 
dry  coal,  and.  therefore,  there  was  no  implied  warranty  that 
it  would  answer  such  purpose. 


made  dean  of  the  engineering  division  and  director  of  the 
engineering  experiment  station  of  the  same  institution.  Mr. 
Potter  will  still  retain  the  professorship  in  steam  and  gas 
engineering. 


W.  O.  Brooks  was  recently  appointed  operating  engineer 
of  the  Abbeville  (Ga.)  Electric  Light.  Water  &  Power  Co. 
Mr.  Brooks  succeeds  J.  J.  Peterson. 

E.  E.  Robinson  is  the  recently  appointed  superintendent  of 
the  Southern  Sierras  Power  Co.'s  plant  at  Elsinore,  Calif. 
P.  L.  Nourse  was  the  former  superintendent. 

C.  B.  Arnold  has  been  appointed  operating  engineer  of  the 
Intermountain  Krilway,  Light  &  Power  Co..  Laramie,  Wyo., 
This  company  is  the  successor  to  the  Laramie  Electric  Co. 

William  Floyd  Lee,  chief  engineer  of  C.  W.  Hunt  Co..  Inc., 
"U'est  New  Brighton.  S.  I..  N.  T.,  at  a  recent  meeting  of  the 
board  of  directors,  was  elected  vice-president  and  chief  engi- 
neer of  the  company. 

Jay  G.  Coutant.  formerly  engineer  of  plant  of  the  Lima 
Locomotive  Corporation,  Lima,  Ohio,  who  has  specialized  in 
the  burning  cf  powder  fuel  and  water  gas,  has  taken  up  the 
same  work  for  the  Railway  Materials  Co.,  Chicago,  111. 

Daniel  TTebster  Mead,  professor  of  engineering  in  the 
University  of  Wisconsin,  Madison,  Wis.,  has  been  appointed 
a  member  of  a  board  of  engineers  for  the  prevention  of  floods 
in    Eastern    China   through    a    $20,000,000    reclamation    project. 

Alexander  G.  Christie,  associate  professor  of  steam  engi- 
neering. University  of  Wisconsin,  has  been  appointed  asso- 
ciate professor  of  mechanical  engineering  in  the  College  of 
Engineering,  which  Johns  Hopkins  University  is  now  organiz- 
ing and  building. 

A-  A.  Potter,  for  several  years  professor  of  steam  and  gas 
engineering    at    the    Kansas    State    Agricultural    College,    was 


QUIMBT  N.  EVANS 
Quimby  N.-  Evans,  senior  partner  of  the  firm  of  Evans, 
Almirall  &  Co.,  New  York  City,  contractors  tor  heating,  ven- 
tilating and  power  equipment,  died  suddenly  on  Monday 
night,  July  6.  Mr.  Evans  was  one  of  the  old  timers  in  the 
business,  having  been  in  partnership  with  Frederick  Tudor  in 
Boston  as  F.  Tudor  &  Co.,  in  the  seventies.  In  1880,  he  formed 
a  partnership  as  the  Q.  N.  Evans  Co.,  doing  business  in  Boston 
and  New  York,  and  in  1885  formed  the  Q.  N.  Evans  Construc- 
tion Co.,  in  New  York.  In  1892  Mr.  Almirall  became  asso- 
ciated with  him,  and  two  years  later  the  present  copartner- . 
ship  of  Evans,  Almirall  &  Co.  was  formed  and  has  been  in 
existence  ever  since.  During  the  past  few  years  Mr.  Evans 
has  not  been  actively  engaged  in  the  business,  having  felt 
that  he  could  leave  it  in  younger  hands.  His  death  was  un- 
expected. Mr.  Evans  will  be  missed  by  a  large  circle  of 
friends.  The  business  of  Evans.  Almirall  &  Co.  will  continue 
as  in  the  past. 


HEW    FUBILECATHOHS 


ELEMENTARY  MANUAL  OF  THE  STEAM  ENGINE.  By 
E.  V.  Lallier.  Published  by  D.  Van  Norstrand  Co.,  New 
York.  Size,  5x7%  inches;  266  pages,  illustrated.  Price, 
$2  net. 

From  the  title  one  would  expect  a  treatise  on  the  steam 
engine,  but  will  find  only  about  one-third  the  text  covering 
this  subject,  the  remainder  being  devoted  to  boilers,  chim- 
neys, pumps,  steam  turbines,  pipes  and  fittings  and  internal 
combustion  engines. 

The  method  of  treatment  is  first  a  description  of  the 
engine,  followed  by  computations  relating  to  its  performance 
and  then  a  brief  but  practical  discussion  of  the  fundamental 
theory.  This  order  is  the  reverse  of  that  usually  found  in 
textbooks,  but  has  much  to  commend  it  to  the  practical  man. 

The  part  of  the  text  dealing  with  the  steam  engine  is 
good,  in  so  far  as  it  goes,  the  only  criticism  which  might  be 
offered  being  adheri  nco  to  the  old  steam  tables,  based  on 
Rtgnaulfs  formulas,  which  have  now  been  discarded  by  most 
authorities.  Also,  the  author  coins  the  expression  "H.  U." 
for  heat  unit,  meaning  a  British  thermal  unit  (B.  t.  u.),  which 
might  lead  to  confusion;  and  further  classifies  steam  tur- 
bines under  "rotary  engines"  in  contradiction  to  the  gener- 
ally accepted  definitions  of  these  two  types  of  prime   movers. 

The  chapter  on  internal  combustion  engines  contains  many 
loose  and  misleading  statements  and  might  well  have  been 
omitted  altogether.  The  only  excuse  for  its  inclusion  would 
be  its  use  to  the  operating  engineer  having  charge  of  gas  or 
oil  engines,  but  it  does  not  well  serve  this  purpose  since  the 
gasoline  engine  is  taken  as  the  model  with  the  statement 
that  its  description   will  cover  all    types. 


HEW  EQUJSFMEHT 


ATLANTIC    COAST 

The  Connecticut  Co.,  Hartford.  Conn.,  will  make  improve- 
ments  to    its   power   plant    on   Commerce    St. 

Bids  will  be  received  by  E.  C.  Rider.  Supt.  Northern  New 
York  Institution  for  Deaf  Mutes,  Malone.  N.  Y.,  until  July  22 
for  furnishing  electric  generating  equipment  at  the  institu- 
tion. 

Bids  are  being  received  by  the  Luna  Park  Amusement  Co., 
Coney  Island,  New  York,  N.  Y.,  for  the  construction  of  a  com- 
plete power  plant. 

A  municipal  electric-light  plant  costing  530,000  will  be 
constructed   at   Butler.   N.   J. 

The  Albion  Li:  ht  &  Power  Co.,  Albion.  Penn.,  is  in  the 
market  for  a  boiler  and  additional  equipment.  T.  H.  Flower 
is   Treas. 

Plans  are  being  prepared  by  Jacoby  &  Weishampel.  Com- 
monwealth Bldg..  Allentown.  Penn.,  for  the  erection  of  a 
power  station  for  the  Panther  Valley  Electric  Light  Co.,  Lans- 
ford.  Penn. 

SOUTHERN    ST.\TES 

The  electric-light  plant  of  H.  A.  Smith.  Gurley,  Ala.,  which 
was   recently   destroyed    by   fire,   will   be   rebuilt. 
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By  Til  Oil  a  8  Wilson 


SYNOPSIS — From  belt  drive  to  a  modern  plant  having 
a  capa&ihj  of  ai,500  I'w.  Its  features  arc  special  coat 
chutes,  individual  steel  stacks,  the  latest  type  of  impulse- 
reaction  turbine  and  a  double-unit  arrangement  of  meter- 
ing heater  and  metering  dividing  box. 


The  Moline  power  station  of  the  Tri-City  Railway  & 
Light  Co.,  which  is  controlled  by  the  United  Light  & 
Railways  Co.,  has  undergone  a  rapid  evolution  from  the 
simplest  kind  of  plant  to  a  modern  power  station  of  mag- 


were  gradually  discarded,  the  rope  drive  from  the  wateri 
power  plant  was  taken  out  and  generators  were  attached 
to  the  waterwheels;  new  boilers,  equipped  with  stoker;' 
and  superheaters,  were  installed  and  bucket  conveyor; 
handled  the  coal  and  ash. 

In  1908,  at  the  time  this  plant  was  described  in  PowERi 
there  were  eleven  500-hp.  boilers,  and  in  the  engine  roon 
two  1000-kw.  cross-compound  condensing  units  directl^: 
connected  to  revolving  field  alternators  and  exhaustin<: 
into  vertical,  double-acting  Jet  condensers,  one  1500-k\v 
and  one  3000-kw.  reaction  turbine,  one  of  the  older  uuit 


Fig.  1.     The  10.000-Kw.  Unit  ix  the  Moline  Power  Plant 


nitude.  It  is  at  the  foot  of  Fourth  St..  on  the  banks  of 
the  Mississippi  River,  at  a  narrow  passage  between  the 
main  land  and  Sylvan  Island.  At  this  point,  a  water 
power  having  an  average  head  of  about  10  ft.  had  been 
developed  and  it  has  always  been  run  in  conjunction  with 
the  steam  plant. 

About  a  dozen  years  ago,  the  station  was  erpupped 
with  cross-compound  engines  turning  by  rope  drives  a 
line  shaft  running  the  length  of  the  station.  The  shaft 
was  also  turned  by  a  rope  drive  running  over  a  350-ft. 
bridge  to  the  watersheds.  Naturally,  the  generators 
were  belted  to  the  line  shaft  and  the  jet  condensers  serv- 
ing the  engines  were  also  belted  units.  The  boilers  were 
hand  fired  and  there  was  no  coal-handling  machinery  to 
reduce  the  labor  in  this  department.     The  belted  units 


still  connected  to  a  small  portion  of  the  line  shaft,  and  f 
couple  of  motor-generator  sets.  i 

Due  to  the  rapid  growth  of  the  three  cities,  to  the  ex,| 
tension  of  the  lines  to  Muscatine  and  to  the  small  townl! 
in  the  vicinity,  the  increase  in  the  load  was  phenomenal! 
It  soon  passed  the  station  capacity  and  in  1910  it  wb'' 
necessary  to  install  a  6000-kw.  turbine.  The  plant  wa' 
nearly  filled  with  generating  equipment,  but  instead  o! 
enlarging  the  building,  one  of  the  cross-compound  enj 
gines  was  removed  to  make  way  for  the  above  unit  an'i: 
a  10,000-kw.  turbine,  Fig.  1,  the  latter  being  ready  fo' 
operation  by  the  first  of  last  December.  One  of  the  larg:i 
engine  units.  Fig.  8,  still  remains,  but  when  the  loa<l 
requires  it,  this  machine  will  be  replaced  by  a  secon'i 
10,000-kw.   turbine,   which  will   occupy  less  floor   spaci 
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than  tlie  100i)-k\v.  engine  and  develop  ten  times  the  power 
at  a  much  lower  steam  rate. 

At  present,  the  plant  has  a  total  boiler  capacity  of 
7900  hp.,  and,  at  rating,  21,500  kw.  in  generating  units, 
making  a  ratio  of  1  to  8.7,  respectively.  The  low  steam 
rate  of  the  large  turbine  units  has  lessened  the  demand 
on  the  boilers.     Last  winter  the  load  in  the  steam  plant 


Fig. 


FiTMNT!  Atsle  of  the  Boii.i:r!  Room 


ran  about  135,000  kw.-hr.  per  day  of  24  hr.,  in  the  water 
plant  30,000  kw.-hr.  per  day  and  the  same  at  the  Sears 
plant,  which  also  belongs  to  the  system.  From  1  to  5 
a.m.,  when  the  demand  is  light,  the  water  plants,  having 
an  alternating-current  capacity  of  2750  kw.  in  three  units 
and  500  kw.  in  a  direct-current  machine  at  Moline  and 
2100  kw.  at  Sears  in  six  vertical  units  of  350  kw.  each, 
carry  the  entire  load. 

In  the  three  cities  there  is  supplied  by  the  company  all 
of  the  lighting,  street  and  interior,  all  of  the  current 
for  .-^trcot-railway  servirc  and  SO  per  cent,  of  the  power 


oe  at 


3.     A  "Foukst"  ok  TNniviDU.\L   Stekl  Stacks 

i.d  in  all  the  industrial  plants,  besides  the  ser- 
■  >  the  siirrouiidiiig  towns.  The  current  is  generated 
'»()  volts,  tw<)-]il\ase,  OO-cyde.  For  nearby  towns  it 
tributed  at  4800  volts  and  for  Muscatine.  30  miles 
it,  the  voltage  is  33.000.  Ultimately,  all  transmis- 
from  the  power  house  to  the  five  substations  will 
33,000  volt').     It  is  with  the  steam  phmt,  however, 


that  this  article  has  to  do.  There  are  some  interesting 
features  in  the  boiler  room.  Fig.  2,  the  large  turbine  is 
of  interest,  and  there  is  a  special  metering  heater,  the 
only  one  of  its  kind  in  the  Central  States. 

BoiLEE  Roon 

The  c(jui}nnent  includes  eleven  5iii)-hp.  and  four  COO- 
hp.  water-tube  boilers  arranged  in  two  rows  and  facing 
a  central  aisle.  The  operating  pressure  is  200  lb.  gage, 
with  110  dcg.  of  superheat.  All  of  the  boiler  furnaces 
have  chain  grates. 

Each  boiler  has  an  individual  steel  stack.  Fig.  3,  and 
although  this  practice  was  due  to  the  frequent  additions 
made,  it  is  really  in  line  with  modern  development.  The 
tendency  is  to  reduce  the  number  of  boilers  served  by  one 
stack,  and  in  some  of  the  most  recent  plants  the  number 
has  been  cut  down  to  two.  There  is  no  breeching,  and 
as  the  gases  have  a  straight  flow  up  into  the  stack,  there 
is  only  the  resistance  of  the  setting  to  prevent  getting 
the  maximum  draft  over  the  fire.  At  the  Moline  plant, 
the  individual  stack  is  well  liked.  It  gives  independent 
control  of  each  boiler,  the  initial  cost  as  compared  with 
an  equivalent  in  four  brick  or  concrete  stacks  is  less,  and 


Fio.  4.     Ttptcal  Boiler  Connection  to  Header 

by  ])aiiiting  at  least  every  two  years  the  steel  stack  is 
good  for  15  to  20  yr.  of  service.  One  objection  is  the 
number  of  stacks.  There  are  now  fifteen,  and  with  the 
iiicrease  in  the  boiler  capacity  expected  in  the  near  fu- 
ture, more  will  be  needed  if  the  same  practice  is  followed. 
The  steel  stacks  may  then  be  replaced  by  four  concrete 
( liimneys  of  equivalent  capacity. 

The  stacks  have  a  uniform  height  of  150  ft.  above  the 
grates.  Those  for  the  smaller  boilers  are  51/^  ft.  in  diam- 
eter and  the  four  serving  the  600-hp.  units  are  6  ft.  in 
diameter,  providing  in  each  ca.se  0.017  sq.ft.  of  area  per 
horsepower  of  rating.  The  draft  above  the  damper  runs 
about  O.I)  in.  of  water  and  reduces  over  the  fire  to  0.3  in. 
When  burning  Illinois  screenings,  a  fuel  bed  5  in.  thick  is 
tarried.  As  received,  the  coal  runs  about  10,000  B.t.u. 
and  an  evaporation  from  and  at  212  deg.  or  7  11).  [xr 
pound  of  coal  as  fired,  is  oi)tained.     On  the  present  light 
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load,  about  3ii  lli.  is  icqiiireiT  per  kilowatt-lionr.  Imt 
with  the  heavy  load  uext  winter  a  reductiou  to  2i4  lb.  is 
expected. 

Coal   axd  Ash   H.\xDLixf: 

Coal  delivered  in  railway  cars  is  dumped  into  a  hop- 
])er  under  the  siding.  A  22-in.  belt  carries  it  to  either 
of  two  coutinuons  Inu-ket  conveyors,  of  which  there  is  one 
for  each  row  of  boik^rs.  Both  deliver  into  a  sectionalized 
steel  bunker  which  has  Ifi  coinjiartments  and  a  total  ca- 
pacitv  of  1200  tons,  situated  over  the  firing  aisle.    Either 


next  tried,  but  in  this  the  coal  separated,  the  coarse  pieces 
rolling  to  the  outside  and  tlie  fuie  coal  feeding  down  the 
center.  A  Y-outlet  gave  the  same  results  as  the  single: 
spout  only  that  the  feed  was  forced  in  two  places  and  it- 
also  separated  the  fine  and  coarse  coal.  It  was  replaced 
with  a  three-legged  chute  obtained  by  using  a  double  lat- 
eral fitting.  The  results  were  still  unsatisfactory  until  a 
baffle  plate  was  inserted  at  the  back  of  the  hopper  to  take 
the  weight  of  the  coal  and  mix  it  as  it  came  from  the 
chute.  With  tbis  last  provision  tlie  chtite  is  now  fool- 
proof.    Tbere  is  no  occasion  to  swing  it,  nor  is  it  ueces- 


MrLTii'LE-FMT  MKTEHixr,  Heater  axd  Dividixcj  Box 


convej'or  will  normally  handle  50  tons  per  hour.  There 
is  provision  for  chuting  into  the  conveyors  the  fine  coal 
dropping  through  the  grates. 

From  the  bunker,  the  coal  is  chuted  to  the  stoker  hop- 
pers, and  in  this  connection  trials  have  been  made  to 
secure  a  chute  of  proper  form.  The  usual  single  spout  ar- 
ranged to  swing  from  one  end  of  the  hopper  to  the  other 
was  first  tried.  As  long  as  the  gate  was  closed  after  fill- 
ing the  hopper,  this  type  was  satisfactory,  but  it  was  often 
left  open  and  the  pressure  at  the  point  at  which  the  chute 
was  resting  caused  a  heavier  feed  on  that  portion  of  the 
grate  in  line  with  it;  uneven  burning  of  the  fuel  was  the 
result.     A  flared  chute,  covering  the  entire  hopper,  was 


sary  to  shut  the  gate.     The  feed  is  continuous  and  no! 
]iarticular  watching  by  the  firemen  is  required.  ; 

Ashes  are  handled  by  a  pneumatic  system  through  an 
8-in.  pipe.  The  horizontal  run  along  the  ashpits  is  about 
175  ft,  the  lift  about  80  ft.  and  the  run  over  the  boiler- 
room  roof  to  the  separating  tank  about  100  ft.  From  the 
latter,  the  ashes  are  delivered  to  a  bunker  beside  the  rail- 
way track.  In  the  horizontal  pipe  over  the  roof,  water  is 
introduced  to  kill  the  fire  in  the  ash  and  eliminate  clink- 
ering  in  the  separator  or  bunker.  It  also  prevents  dry  ash 
reaching  the  blower. 

The  main  header,  which  is  made  of  steel  to  withstand 
the  superheated  steam,  loops  the  coal  bunker,  passing  over 
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the  boiler  fronts,  Fig.  -4.  It  is  14  in.  on  one  side.  12  in. 
on  the  other  and  is  so  valved  that  it  may  be  seotionalized 
every  three  boilers.  The  header  is  anchored  at  the  four 
corners  of  the  boiler  room  and  a  U-hend  in  eac-h  of  the 
longer  runs  provides  for  expansion.  Saturated  steam  from 
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Fio.  f).  L.vYoi'T  OF  Heater  Axn  Coxxectioxs 

the  boiler  drum  passes  down  to  the  superheater,  entering 
through  the  side  of  the  setting  and,  returning  through  a 
siekle  bend  which  provides  for  e.xpansion,  it  enters  the 
header  through  an  angle  body,  nonreturn  valve  and  a 
straight-angle  valve  mounted  directly  in  the  header.  Taps 
for  the  main  units  are  carried  over  to  the  boiler-room 
wall,  where  they  are  dropped  and  pass  to  the  various 
machines  underneath  the  engine-room  floor. 

The  Feed  Water 

To  supply  the  feed  water  to  the  boilers,  there  are  three 
14  and  8%  by  16-in.  duplex  pumps  and  one  steam-tur- 
bine-driven centrifugal  pump  having  a  capacity  against 
the  boiler  pressure  of  450  gal.  per  min.  Ordinarily,  the 
centrifugal  pump  is  used,  or  'f  this  is  down  for  any  rea- 
son, the  other  three  units.  Duplicate  6-in.  feed  lines  loop 
all  the  way  around  the  boilers.  They  are  liberally  cross- 
valved  and  21/2-in.  taps  lead  to  the  boilers.  Condensate 
is  collected  in  the  heater  from  the  hotwells  of  the  va- 
rious turbines,  and  the  makeup  comes  from  the  oil  cooler 
of  the  large  turbine.  This  is  virtually  a  surface  condenser 
with  straight  tubes  placed  alongside  the  machine.  The 
heat  in  the  oil  is  thus  utilized  in  the  boiler  feed. 

A  Special  Heajer 

The  feed-water  heater.  Fig.  5,  is  of  the  recently  de- 
veloped multiple  type.  Tlierc  are  two  metering  heaters, 
each  having  a  capacity  to  handle  .300,000  lb.  of  water  per 
hr..  or  a  total  of  600,000  lb.  The  dividing  box,  having  a 
caiiacity  of  fjOO.OOO  lb.  per  hr.,  is  arranged  above  the  two 
heaters.  Condensate  from  the  condensers  enters  the  cen- 
tral portion  of  the  box  and  overflows  through  a  V-notch 
on  either  side  into  the  end  compartments ;  the  water  is 
Ihus  equally  divided  between  tlic  two  heaters  aiul  an 
automatic  recorder  shows  the  amount.  Makeup  watt'r  is 
introduced  into  the  end  compartments  through  pipes  A 
and  H.  Fig.  fi.  TTero  again  the  division  is  equal  as  a 
nsakcup-water  dividing  box  equally  divides  an  automatic- 
ally regulated  supply  and  distributes  it  to  the  outlioard 
sides  of  the  condensate  dividing  box.  -Vs  the  water  enters 
(he  compartments  directly,  it  is  not  metered.  With  the 
condensate,  it  passes  to  the  heaters,  where  the  total  quan- 


tity fed  to  the  boilers,  which  includes  condensate,  make- 
up water  and  the  steam  from  the  auxiliaries  condensed, 
passes  over  the  other  weirs,  a  meter  on  each  heater  re- 
cording the  amount.  The  difference  between  the  .sum  of 
the  heater  readings  and  the  reading  of  the  meter  on  the 
dividing  box  represents  the  steam  to  auxiliaries,  water 
lost  by  leakage,  blowing  down  the  boilers,  etc.  If  it 
is  desired  to  determine  the  water  rate  on  an  individual 
unit,  it  can  be  done  with  one  heater  and  the  dividing  box. 
while  the  other  heater  is  reserved  for  the  balance  of  the 
plant.  To  conform  with  a  29-in.  vacuum  obtained  on  the 
large  unit,  the  meter  on  the  dividing  box  is  calibrated  for 
a  water  temperature  of  80  deg.  and  those  on  the  heaters 
for  210  deg. 

Generating  Equipment 

The  number  and  capacity  of  the  generators  were  pre- 
viously given;  all,  with  the  exception  of  the  1000-kw.  en- 
gine unit,  are  turbine-driven.  The  smaller  iinits  are  of 
the  reaction  type  and  were  standard  when  installed,  while 
the  10,000-kw.  machine  embodies  the  improvements 
which  have  attended  the  development  of  the  larger  tur- 
bines. The  machine  is  of  the  combination  impulse-re- 
action type  divided  into  high-,  intermediate-  and  low-pres- 
sure elements  contained  in  the  one  casing.  In  the  impulse 
or  high-pressure  clement  at  the  center  of  the  machine,  the 
steam  is  expanded  from  200  to  SO  11).  and.  di\i(1iiig  equal- 


Condensate  Pump 

Fui.   7.      COMIKNSER   AXn   ArXILIARlES  OK    10.000-K\v. 
llxrr 

ly,  )iasses  in  o|)])ositc  dii-i'cl ions  (liniugh  the  intermediate 
blading  to  the  low-pressure  elcnu'uts.  The  reaction  end  of 
the  turbine  is  double-flow,  witli  an  exhaust  outlet  at  either 
(  nd  of  the  machine.  The  ])riniary  valve  is  designed  to 
(arry  10,001)  kw.  and.  with  the  hel])  of  the  secondary 
\alve,  15,000  kw.     To  improve  the  economy  of  the  ma- 
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'chine  wheu  the  load  is  between  10,000  and  13,500  kw., 
a  hand-operated  nozzle  supplementary  to  the  primary 
Talve  lias  been  provided.  It  is  thus  possible  to  develop 
12,500  k\v.  before  the  secondary  valve  is  called  into  ser- 
Tice. 

The  water  rate  guaranteed  for  the  machine  was  13.7  lb. 
per'kw.-hr.  at  200  lb.  initial  pressure,  100  deg.  super- 
heat and  a  28-in.  vacuum.  As  a  matter  of  fact,  at  two- 
thirds  load,  an  absolute  pressure  of  %  i^-  '^as  maintained 
and  at  full  load  a  vacuum  of  nearly  29  in.  The  rate  is 
known  to  be  better  than  the  guarantee,  but  no  definite 
figures  are  available.  On  a  similar  unit,  a  rate  of  12.8  lb. 
per  kw.-hr.  at  28-in.  vacuum  has  been  obtained,  and  with 
29  in.  this  was  reduced  to  12.5  lb. 

The  supply  pipe  is  14  in.  in  diameter.  At  normal  load 
and  a  rate  of  13.7  lb.  per  kw.-hr.,  this  would  call  for  137,- 


al  lowed  to  vary  slightly.  As  a  reason  for  this  practice, 
tiie  circulating  water  is  drawn  from  the  river  just  above 
the  dam.  As  the  tailrace  into  which  the  water  is  dis- 
charged is  10  ft.  lower,  it  is  necessary  to  use  the  circulat- 
ing pump  only  to  start  the  flow.  When  it  has  been  estab- 
lished, the  siphoning  action  due  to  the  difference  in  head 
will  maintain  it.  As  there  is  bypass  connection  around 
the  pump,  it  is  a  simple  matter  to  change  over. 

A  Leblanc  air  pump,  driven  by  a  100-hp.  turbine,  and 
having  a  capacity  of  960  cu.ft.  per  min.,  is  used.  Of 
water,  1600  gal.  per  min.  is  required,  and  as  its  temper- 
ture  is  only  raised  i/o  deg.,  it  could  be  used  in  the  con- 
den.:er  or  recirculated  tlirough  the  pump  with  a  little 
makeup  to  keep  down  the  temperature.  In  the  present 
plant,  there  is  plenty  of  water  so  that  the  discharge 
from  the  pump  is  returned  to  the  river. 


Fig.  S.     CoiiPOUKD  Engine  Unit  axd  the  Small  Tttkbines 


GOO  lb.  of  steam  per  hour.  As  the  pressure  is  200  lb. 
gage  and  the  superheat  at  the  turbine  100  deg.,  this  is 
equivalent  to  345,240  cu.ft.  per  hr.  or  5754  cu.ft.  per 
min.  The  velocity  would  be  approximately  5200  ft.  per 
min.,  and  with  the  secondary  valve  open,  it  would  in- 
crease to  8000  ft.  per  min.  At  28  in.  of  vacuum,  the  ex- 
baust  is  discharged  through  the  outlets  at  a  rate  of  14,000 
ft.  per  min. 

The  condenser,  which  is  immediately  under  the  turbine, 
is  of  the  surface  type,  with  ample  spaces  through  the 
tube  sections  for  the  free  passage  of  the  steam  and  with 
two  inlets  to  match  the  turbine-exhaust  openings.  The 
drop  through  the  condenser  is  only  0.08  in.  It  contains 
19,000  sq.ft.  of  surface  in  1-in.  tubes,  which  gives  a  ratio 
of  1.9  sq.ft.  to  every  kilowatt  of  turbine  rating.  To  con- 
dense the  137,000  lb.  of  steam  per  hour,  9,500,000  lb.  of 
water  (a  ratio  of  70  to  1)  is  passed  through  the  conden- 
ser.   This  amount  is  maintained  constant  and  the  vacuum 


The  circulating  pump,  which  is  used  only  at  starting, 
has  a  capacity  of  20,000  gal.  per  min.,  and  is  driven  by  a 
1  75-hp.  turbine.  The  condensate  pump  is  a  single-stage 
centrifugal,  driven  by  a  25-hp.  turbine ;  its  capacity  is 
900  gal.  per  min.  AH  of  the  auxiliaries  for  the  large 
unit  are  of  the  rotary  type  and  are  driven  by  steam  tur- 
bines. The  same  is  true  of  the  6000-kw.  machine,  with 
the  exception  of  the  air  pump,  which  is  a  direct-acting 
piston  pump.  For  the  two  smaller  turbines,  the  circulat- 
ing pumps  are  centrifugal  and  engine  driven.  The  air 
pump  for  the  1500-kw.  unit  is  of  the  double-acting,  valve- 
less-suction  type,  while  the  air  pump  on  the  3000-kw.  tur- 
bine is  a  single-acting  triplex  pump  of  the  same  type. 

It  is  needless  to  say  that  all  of  the  condensers  for  the 
turbine  units  are  of  the  surface  type,  while  the  1000-kw. 
Corliss  has  a  vertical  double-acting  jet  condenser  capable 
of  maintaining  a  vacuum  of  27  in.  On  the  two  smaller 
turbines  the  vacuum  averages  about  28  in.  and  on  tlie 
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f)i)(iO-k\v.  turbine,  281/2  in*  For  the  latter  the  condenser 
lias  18,800  sq.ft.  of  surface,  or  3.13  sq.ft.  per  kilowatt  of 
rating.  Of  the  other  two,  the  larger  has  10,000  sq.ft. 
of  surface  as  compared  with  4000  sq.ft.  for  the  condenser 
serving  the  1500-kw.  turbine.  This  gives  3%  and  3% 
sq.ft.  per  kilowatt  of  turbine  rating,  respectively.  Fig. 
7  shows  the  layout  of  the  condenser  and  auxiliaries  of  the 
10,000-kw.  unit. 

The  steam  rates  for  the  smaller  units  are  naturally 
higher  than  for  the  machine  recently  installed.  The 
accompanying  table  will,  however,  reduce  the  condensing 


rquipment  of  the  four  turbine  units  to  a  basis  of  steam 
condensed  per  square  foot  under  the  present  conditions 
of  pressure  and  superheat,  the  vacuum  to  be  28  in.  and 
the  steam  rate  that  obtained  at  normal  load. 

The  steam  consumptions  are  taken  from  the  guar- 
antees furnished  at  the  time  the  machines  were  installed. 
It  was  not  until  after  the  600-kw.  unit  had  been  put  in 
service  that  the  boilers  were  equipped  with  superheaters, 
so  that  the  operating  conditions  were  175  lb.  pressure  and 
no  superheat.  With  the  100  deg.  of  superheat  now  avail- 
able and  the  increase  of  25  lb.  in  pressure,  the  water  rate 


No.       Equipment                     Kind 
11  Boilers Stirling     water- 
tube 

4  Boilers Stirling     water- 
tube 

15  Superheaters Foster 


■  8  Stokers Chain  grate . 

7  Stokers. Chain  grate. 

3  Coal  conveyors . . .   Belt 


3  Motors Induction 

1  Coal  crusher 

1  Motor Induction 

1  Coal  conveyor..  .  .    Pivoted  bucket. 

1   Motor Induction 

1  Coal  conveyor. .  .  .    Pivoted  bucket. 

1  Motor Induction 

1  Ash  system Pneumatic 

1  Exhauster Suction 

1  Motor Induction 

3  Pumps Duplex 

1   Pump Centrifugal 

1  Turbine Horizontal  re- 
action  

1  Heater Cochrane  multi- 
ple unit 

1  Turbine Impulse-reac- 
tion  

1  Generator Alternating  cur- 
rent  

1  Condenser Surface 

1  Air  pump Leblanc  rotary. 


PRINCIPAL    EQUIPMENT    OF  MOLINE  POWER  PLANT 
Size                                  I'sp  Operating  Conditions 

500  hp Generation  of  steam 200  lb.  pressure,  110  deg.  superheat , 

600  hp Generation  of  steam 200  lb.  pressure,  110  deg.  superhe:il 

465     and     550 

sq.ft Superheat  steam  for  tur- 
bines     Temp,  steam,  500  deg.  F 

100  sq.ft Boiler  furnace .5-in.  fuel  bed.  Illinois  screenings 

110  sq.ft Boiler  furnace 5-in.  fuel  bed,  Illinois  screenings 

21  in.  w-ide..  .  .    Track    hoppers    to    main 

conveyors 3300  ft.  per  min.,  75  tons  per  hr 

5  hp Driving  belt  conveyors. . .   440  volt,  two-phase 

50  tons  per  hr.   Crush  coal Motor  driven 

10  hp. Driving  crusher 440  volt,  two-phase,  850  r.p.m. 

50  tons  per  hr.  From    belt    conveyors    to 

bunkers 400  ft.  per  min.,  50  tons  per  hr. 

15  hp Driving  conveyor 440  volt,  two-phase,  850  r.p.m. 

50  tons  per  hr.   Belt  conveyors  to  bunkers  420  ft.  per  min.,  50  tons  per  br- 
io hp Driving   conveyor 440  volt,  two-phase.  850  r.p.m. 

9  tons  per  hr. . .    Removal  of  ash 

16  in Vacuum  on  ash  system.  .  .   6  oz.  vacuum,  3600  r.p.m 

50  hp DriWng  exhauster 440  volts,  two-phase,  3600  rp.iii 

14x8^x16  in. .  .    Boiler  feed 200  lb.  pressure 

5  in Boiler  feed 3000  r.p.m.,  420  gal.  per  min. 


30  hp. 


ntal 


1  Turbine Ho 


1   Circulating  pump.   S  i  n  c  1  e-stage 
centrifugal  .  . 

1  Turbine Horizontal  reac- 

1  Condensate  pump  Centrifugal .... 

1  Turbine Horizontal  reac- 
tion  

1  Turbine Horizontal  reac- 
tion  

1  Generator Alternating  cur- 
rent  

Surface 

Direct  acting.. . 

Centrifugal 

Horizontal  reac- 
tion  

Centrifugal 

Horizontal  reac- 


Driving  feed  pump 200  lb.  pressure,  3065  r.p.m.    . 

Exhaust  from  auxiliaries^ 

10,000  kw.      . .   Main  unit 200  lb.  pressure,  100  deg.  superheat.  1800  r.p.i 

10.000  kw Main  unit 4800  volts,  two-phase,  1800  r.p.m 

19,000  sq.ft. ...  On  10,000-kw.  unit 29  in.  vacuum 

960   cu.ft.    per 

min Air  from  condenser 2500  r.p.m 

100  hp Drive  ; 

20,000  gal.  per 


Maker 
Babcock  &  Wilcox  Co. 
Babcock  &  Wilcox  Co. 


Power  Specialty  Co. 
Cireen  Engineering  Co. 
Illinois  Stoker  Co. 

C.  W.  Hunt  Co..  Inc. 
Westinghouse  Elec.  &  Mfg.  Co. 
C.  W.  Hunt  Co.,  Inc. 
Westinghouse  Elec.  &  Mfg.  Co. 

.T.-fTrev  Mfg.  Co. 

W.siinchouse  Elec.  &  Mfg.  Co. 

C    W.  Hunt  Co.,  Inc. 

W.-iinphouse  Elec.  &  Mfg.  Co. 

<irrrn  Engineering  Co. 

<M'ii.'r:iI  Electric  Co. 

(■..■ii.r:il  Electric  Co. 

Kppinc:-Carpenter  Co. 

\N  t *^^inghouse  Machine  Co. 

Westinghouse  Machine  Co. 


A.  Sorge,  Jr..  &  Co. 
Westinghouse  Machin 


pump 201)  lb.  pressure 


1  Condenser 

1  Air  pump 

I  Circulating  pump. 

1  Turbine 


175  hp Drive  circulating  pump.  .  200  lb.  pressure,  1000  r.p.m 

900     gal.     per 

min Condensate  to  heater.  .  .  .  200  r.p.m 

,  25hp Driving  condensate  pump  200  lb.  pressure,  2000  r.p.m 

6000  kw Main  unit 200  lb.  pressure,  100  deg.  superheat.  ISOO  r 

6000  kw Main  unit 4800  volts,  two-phase,  1800  r.p.m 

18.800  sq.ft. .  ,    On  GOOO-kw.  unit 285  in.  vacuum 

30x24  in Air  from  condenser 200  lb.  pressure,  60  r.p.m 

24  in W'ater  to  condenser  .  .  785  r.p.m 


Westinghous 
Westinghous 

Elee.  &  Mfg.  Co. 
Machine  Co. 

Westinghouse 

Machine  Co. 

Westinghous 

Machine  Co. 

Westinghouse  Machine  Co. 

Westinghouse 

Machine  Co. 

Westinghouse 

Machine  Co. 

Westinghouse 

Machine  Co. 

"Westinghouse 

.Machine  Co. 

1  Conden.scr. 
1  Air  pump. . 


1  Engine 

1  Circulating  pump. 

I  Engine 

1  Turbine 


1  Condenser. 
1  Air  pump. . 


Horizontal  reac- 
tion   

Alternating  cur- 
rent  

Surface 

Mullan  single- 
acting  triplex. 

Simple  vertical. 

Centrifugal 

Simple  vertical. 

Horizontal  reac- 
tion  

Alternating  cur- 
rent  

Surface 

Mullan  steam 
driven,  double- 
nrfing. 


20  hp Driving  condensate  pump  200  lb.  pressure,  1500  r.p.m. 

3000  kw Main  unit 2001b.  pressure.  100  deg.  superheat.  1200  i 

3000  kw Main  unit 4800  volts,  two-phase,  1200  r.p.m 

10,000  sq.ft..  .   On  3000-kw.  unit 28  in.  vacuum 


Air  from  condenst 


75  1 


•■>  r.p.m 

12x10 Driving  air  pump 200  lb.  pressure.  75  r.p.m 

18  in W'ater  to  condenser.      ,        400  r.p.m 

12x14  in Driving  circulating  pump  200  lb.  pressure,  400  r.p.i 


1.500  kw Ma 


1500  kw Main  unit 4800  volta.  two-ph; 

4000  sq.ft On  1500-kw.  unit 28  in.  vacuum.  .  .  . 


200  lb.  pressure.  100  deg,  superheat.  1200  r 
1200  r.p.m.. 


1  Circulating  pump.   Centrifugal. 

1   Engine Simple  vertical.    8x0  in Driving  circulating  pump  200  lb,  press.,  500  r.p.i 

1   Engine Cro«fi-com- 

pound 

1  Generator Alternating  cur- 
rent  

1  Condenser Vertiral  double- 
acting  jet. . .  . 

1  Exciter Direct  current.. 

1  Engine Simple 

2  Excit^Tfi Direct  current.. 

2  Excitors Direct  current.. 

1  Crane Electric 

1  Crane Hand  operated. 


WVstinghouse  Elec.  &  Mfg.  Co. 
Henry  R.  Worthington 
Laidlaw-Dunn-Gordon  Co. 
Henry  R.  Worthington 

Kerr  Turbine  Co. 
Henry  R.  Worthington 

Kerr  Turbine  Co. 

Westinghouse  Machine  Co. 

Westinghou.se  Elec.  &  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 

C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
Morris  Machine  Works 
Morris  Machine  Works 


Westinghouse  Elec.  &  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 


C.  H.  Wheeler  Mfg.  Co. 
The    Blake    <fe    Knowles 

Pump  Works 
The    Blake    &    Knowles 

Pump  Works 


24x50x48  in.  Main  unit  Jno  Ih.  pressure.  1(K)  r  p.m. 

1000  kw Main  unit ,    4800  volt^.  two-phase,  100  i 

18x36x20  in.  On  engine  unit 

l.V)  kw Excitation  main  unita. 

12x18  in Drive  exciter 

50  kw Excitation  main  unitA. 

50  kw Excitation  main  units 

.35  tons Engine  room 

10  tona.    .  Engine  rmim 


Allis-Chalmers  Co. 
Allis-Chalmera  Co. 


27  m.  vacuum 

125  volta.  250  r.p  m 

Noneondcnsing,  250  r.p.r 


3s.  Steam  Pump  Worka 

iniiK.-  Klec.  A  Mfg.  Co. 

'■■•'  ■    1  I't!  &  Mfg.  Co. 
1      I  Nc.  &  Mfg.  Co. 

I  MiiipMH-nt  Co. 

I  I-jiKiii*'erinK  Worka 
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should  improve  about  13  per  cent.  On  this  assumption, 
tlie  6000-,  3000-  and  1500-kw.  turbines  at  full  load,  28-in. 
vacuum  and  90  per  cent,  power  factor,  would  require  14.7, 
17  and  18.8  lb.  per  kw.-hr.,  respectively. 

CONDENSER    SURP.\CE    .\ND    STEAM    CONDENSED 


Steam 

Steam  Con- 

Kw. 

Condenser 

Surface 

Rate. 

Total      densed  per 

Rating, 

Surface, 

per  Kw., 

Lb.  per 

Steam.  Lb.    Sq.Ft.  of 

Turbine 

Sq.Pt. 

Sq.Ft. 

Kw.-Hr. 

per  Hr.    Surface.  Lb 

10.000 

19.000 

1.9 

13.7 

137.000             7.2 

6.000 

IS.SOO 

3.13 

14.7 

SS.200             4.7 

3,000 

10.000 

3.33 

17 

51,000             5.1 

1.500 

4,000 

2.fifi 

IS.  S 

2S.200              7.05 

It  should  be  liikcn  into  account  that  the  (idOd  :i()(H1- 
and  1500-kw.  turi)incs  have  rcciiJrocating  drv-air  iuun])s 
and  that  the  surface  of  the  condensers  was  based  on  a  heat 
transfer  of  350  B.t.u.  The  large  unit  employs  a  rotary 
wet-air  pump  and  the  condenser  was  based  on  a  heat 
transfer  of  500  B.t.u. ;  in  fact,  the  latter  figure  is  now 
standard  for  most  of  the  large  condenser  companies.  If 
the  last  three  condensers  in  the  table  had  been  based  on 
the  higher  heat  transfer,  the  total  surface  in  each  case 
would  be  reduced  to  seven-tenths  of  the  figure  given  and 
the  steam  condensed  per  square  foot  rai.'sed  in  propor- 
tion. The  condenser  for  the  ].")00-kw.  unit  was  designed 
to  give  a  vacuum  of  28  in.,  when  tiie  turbine  was  running 
at  two-thirds  load,  so  that  5.4  rather  than  7.05  would  be 
a  representative  figure.  This  was  common  practice  at 
the  time  it  was  put  in  service.  On  the  other  hand,  it 
would  be  possible  to  get  13,750  kw.  from  the  large  tur- 
bine and  still  maintain  a  vacuum  of  28  in.  with  65  deg. 
cooling  water.  At  this  load,  the  steam  consumption  would 
be  208,000  lb.  and  the  condensation  per  square  foot  of 
surface  nearly  11   lb. 

For  the  recent  installations  and  changes  that  have 
been  made,  W.  S.  Swarting  was  engineer  in  charge  of 
construction,  E.  L.  Cameron  is  chief  engineer  of  the 
]dant,  and  F.  W.  Kcimers.  general  manager  of  the  com- 
pany. 

"W^stiefiisl  I^imoE'Siirace 

By  Fii.v.VK  W.  IIuDsox 

The  man  who  believes  in  learning  his  trade  solely  by 
e.vperience  is  ofttimes  with  his  hands  in  empty  pockets. 
While  technical  education  is  not  the  alpha  and  omega  of 
mechanical  success,  it  is  undoubtedly  the  foundation 
I'pon  which  we  must  build. 

Several  years  ago  a  railroad  in  the  West  suffered  the 
loss  of  twelve  days'  crippled  passenger  and  freight  trans- 
portation service  by  the  roof  of  a  tunnel  falling  in,  caused 
liy  a  piledriver  tower  that  was  not  lowered  enough  to 
clear.  All  the  available  men  of  the  system,  numbering 
fibout  1000,  were  dispatched  to  the  scene. 

With  them  came  a  steamfitter  and  pump  man.  He 
vas  a  husky,  broad-shouldered  fellow  who  ridiculed  the 
idea  of  a  "book  education,"  stating  that  he  had  "learned 
his  trade  right  by  practical  e.xperience"  and  informing 
one  of  his  men  that  he  did  not  want  him  to  tell  him  any- 
thing. He  was  no  doubt  good  at  erecting  small  pumps 
for  emptying  oil  cars  or  filling  water  tanks,  but  in  this 
case  it  meant  installing  a  giant  to  wash  the  earth  down 
into  sluice  boxes  and  out  on  the  dump  as  an  auxiliary  to 
the  steam  shovel  employed  in  clearing  the  tunnel.  This 
was  unsuccessful  because  of  the  steamfitter's  ignorance  of 
tiie  influence  of  the  altitude,  the  best  location  for  the 
pumps  and  the  right  manner  of  connecting  them. 


The  pumps  were  of  the  commonly  u>ed  duplex  type, 
one  having  a  10-in.  suction  and  8-in.  discharge,  the  other 
an  8-in,  suction  and  6-in,  discharge.  The  point  of  deliv- 
ery was  about  one  hundred  and  fifty  feet  elevation  aiid 
probably  600  ft.  between  the  intake  and  discharge.  A  lo- 
comotive was  sidetracked  400  ft.  from  the  pumps  to  sup- 
ply the  steam.  The  altitude  was  3000  ft.  above  the  sea 
level.  The  illustration  shows  that  the  conditions  were 
ideal,  and  this  installation  should  have  been  completed 
by  sundown.  But  what  a  delay  a  lack  of  a  little  knowl- 
edge can  sometimes  create!  Eleven  days  later  the  tunnel 
bad  been  cleared  but  without  the  use  of  the  pumps. 

The  first  thing  done  was  to  move  both  pumps  near  the 
river  and  connect  both  suctions  to  the  10-in.  pipe  that 
the  large  pump  required  and  down  into  the  river  16  ft. 
below.  The  discharges  were  then  bushed  down  and  con- 
nected' into  a  6-iu.  delivery  pi]ie.  Instead  of  running 
straight  for  a  possible  600  ft.  to  the  giant,  an  S-bend 
was    run    up   the   hill,    using   nearly    a    thousand   feet   of 


('(iNMirridNs   Ni:.\n   ('.\vk-1\ 

pipe.  Wlu-n  the  pumps  failed  to  dcli\er  water  he  said: 
"She's  got  me  buffaloed.  There's  no  reason  why  she 
won't  work."  It  didn't,  however,  and  he  finally  let  the 
pumps  down  to  within  6  ft.  of  the  water;  then  he  only 
got  small  results. 

With  an  ounce  of  sense,  he  would  have  placed  the  large 
]uimp  at  the  cross  marked  "1"  within  four  feet  of  the 
river,  and  the  smaller  one  at  "2."  Then  he  should  have 
laid  the  pipe  between  the  two,  as  indicated  by  the  dotted 
lines.  However,  this  much  more  experience  was  added 
to  his  education. 


Prniiortionate  AVaKes — Paying  $125  to  $150  a  month  to  a 
fire-rooni  foreman  who  has  the  handling  of  thousands  of 
dollars  worth  of  coal,  may  seem  excessive  to  some  managers, 
but  in  several  progressive  stations  rates  as  high  as  45  cents 
per  hour  are  paid  firemen  so  as  to  attract  efficient  men. 


.Viithracite  Coal  Proilueiian  iu  1»13 — The  production  of  an- 
thracite again  broke  the  record  in  1913.  exceeding  the  high- 
est previous  output  by  nearly  1,000.000  tons,  according  to 
figures  compiled  by  E.  W.  Parker,  coal  statistician  of  the 
United  States  Geological  Survey.  Including  the  coal  re- 
covered from  old  culm  banks  and  a  small  quantity  dredged 
from  the  Susquehanna  River,  the  production  for  the  year  was 
81.718.680  long  tons,  valued  at  $195,181,127.  compared  with 
75.322.855  tons,  valued  at  $177,622,626  for  1912.  This  is  an  in- 
crease of  over  6,000,000  tons  in  quantity  and  more  than  $17,- 
500,000  in  value.  The  previous  highest  record  was  80,771, 48S 
long    tons,    in    1910. 
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The  brine  circulation  about  the  cans  in  an  ice  tank 
is  one  of  the  governing  factors  in  ice  production,  and, 
while  a  considerable  amount  of  thought  has  been  given 
to  this  subject,  it  is  surjjrising  to  find  how  often  condi- 
tions exist  which  indicate  that  the  arrangement  tised 
liad  not  been  sutliciently  thought  out  to  meet  tliese  con- 
ditions. 

Propellers  are  now  quite  universallv  used  for  jiro- 
ducing  the  circulation  of  the  brine,  and  when  properly 
apjilied  are  both  economical  and  effective. 

Where  coils  are  used  in  the  ice  tank  there  is  less  lia- 
bility for  improper  circulation  than  where  shell-type 
brine  coolers  are  employed.  In  this  article  we  will  eon- 
fine  oui'selves  to  a  class  of  troubles  which  are  more  ap- 
parci.  where  the  brine  cooler  is  used,  and  yet  the  prin- 
ciples involved  are  applicable  to  any  propeller  circula- 
tion. 

lia]3idity  of  circulation  being  the  great  desire  of  all 
lias  led  manufacturers  to  increase  the  size  of  the  ])r<)- 
pcllers  as  well  as  the  speed  at  wliieh  they  oiiciat;'  in  or- 
der to  accomplish  this  end.  The  shell-type  brine  cooler 
of  a  necessity  restricts  the  flow  of  the  brine  and  makes 
it  imperative  that  the  brine  be  forced  through  the  tidies. 
These  brine  coolers  are  variously  installed,  but  the 
sketches  herewith  show  the  usual  airangement  in  its 
main  features.  In  all  cases  A  being  tlie  space  for  the 
passage  of  the  brine  to  the  ]iro])eller ;  B,  the  space  into 
which  the  propeller  discliarges  the  brine;  C,  the  cooler 
itself,  ndiile  D  and  E  represent  the  two  brine  levels  on 
either  side  of  the  propeller  and  fonn  the  head  for  the 
flow  of  the  brine.  This  head  in  some  instances  is  six 
inches. 

As  stated,  the  brine  cooler  offers  some  resistance  to 
the  passage  of  the  brine,  and  tliei'e  is  the  added  resist- 
ance to  the  flow  due  to  the  passage  about  the  cans.  In 
describing  the  following  troubles,  it  must  be  understood 
that  they  are  not  liased  on  theoretical  assumptinns,  but 
are  to  bo  found  in  actual  practice. 

Asstime  a  system  installed  as  shown  in  Fig.  1.  It  is 
desired  to  keep  the  brine  level  in  the  tank  between  J> 
and  E.  It  should  be  remembered  that  it  is  desirable  to 
keep  the  brine  level  well  up  on  the  cans,  for  when  tliis 
is  not  the  case  it  is  difficult  to  freeze  the  cakes  solid. 
In  the  case  of  Fig.  1  there  will  be  scarcely  any  circulation 
of  brine  about  the  cans,  as  it  will  simply  take  the  path 
of  least  resistance  and  return  to  the  propeller  by  flow- 
ing over  the  partition  in  which  the  p'opeller  is  located, 
as  indicated  liy  the  arrow.  This  construction  will  work 
only  when  the  level  D  is  kept  below  the  top  of  tlie  ]wr- 
tition  in  which  the  propeller  is  placed.  In  order  that 
the  brine  may  be  kept  as  high  as  possible  about  the 
cans,  the  propeller  is  slowed  down  until  the  difference 
in  levels  J)  and  E  is  small:  this  will  help  the  circulation 
in  the  tank,  but  usually  it  will  be  so  weak  as  to  be  prac- 
tically valueless.  In  such  eases  as  this  the  owners  state 
that  they  get  better  circulation  by  running  the  propeller 
more  slowlv,  wliich,  when  one  first  heni's  it,  seems  jiara- 
doxical :  but  it  is  true. 


It  is  but  natural  to  think  of  putting  a  top  on  tlie  space 
7?  and  keep  the  brine  in,  but  when  this  is  done  you  may 
have  the  trouble  as  indicated  in  the  sketch,  Fig,  2,  Here 
/I  is  closed  and  the  brine  forced  through  the  cooler;  but 
when  it  banks  up  to  get  head  to  overcome  the  resistance 
to  its  flow  among  the  cans,  it  finds  an  easier  flow  back 
over  the  top  of  B,  and  the  result  as  far  as  the  tank  cir- 
culation is  concerned  is  uo  better  than  in  the  case  of 
Fig.  1. 

Fig.  3  shows  the  best  way  of  guarding  against  this 
liack-ttow  trouble  where  the  space  B  is  covered  well  aliove 
the  le\el  D.     But  even  here  one  mav  have  trouble  unless 
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the  box  B  is  carried  full  height  tightly  between  the  cii- 
culaling  jiartitions  F  and  G,  as  shown  in  Fig.  4. 

In  this,  as  in  so  many  of  the  appliances  used  in  the 
process  of  mechanical  refrigeration,  it  would  apjiear  that 
the  users  had  not  given  the  matter  the  careful  consider- 
ation it  deserved,  but  IkkI  been  content  with  the  old 
cut-and-try  ])lan  so  evident  in  the  early  days  of  the  in- 
dustry, AVhat  is  wante<l  now  in  every  part  that  goes 
to  nuike  up  the  whole  equi])ment  is  economical  eifective- 
ness. 

A  stiidv  of  pi'opellers  as  to  diameter,  speed,  ]iil(b, 
number  and  form  of  blades,  etc.,  consideration  of  the 
( ireidation  in  the  tank,  how  long  the  tank  should  be  and 
<if  what  cross-section,  uniformity  of  flow  in  all  parts  of 
the  tank — all  would  not  only  be  interesting  but  produc- 
tive of  economical  results.  Such  practices  as  here- 
in outliiu'd  should  not  be  allowed  to  continue,  for 
brine  in  any  ice  taiik  should  not  be  allowed  to  short- 
circuit. 
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SYNOPSIS — Arrangement  and  areas  of  furnace  with  a 
table  (/iving  the  necessary  dimensions  for  all  commercial 
sizes  of  horizontal  return-tubular  boilers. 

All  of  tlie  neft'ssary  requirements  for  good  combustion 
the  No.  4  furnace  supplied,  but  there  were  disadvantages 
about  the  construction.  The  boiler  had  to  be  set  high; 
the  single-span  arch  necessitated  additional  buck  stays 
in  the  setting,  and  the  construction  was  not  such  as  could 
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Fig.    1.    Double-Aech    Bkiixjh-Wai.l    Sicttino    for   a 
Two-Course  Boileh 


Fig.  2.  Double-Akch  Bridge-Wall  for  a  Two-Course 
Boiler 

be  expected  to  stand  high  temperature  under  heavy  ser- 
vice. Consequently  a  construction  which  would  be  better 
adapted  to  the  conditions  was  sought.  Finally,  a  modi- 
fication of  the  old  Gulickson  setting  was  worked  out  and 
is  knowTi  as  the  double-arch  bridge-wall  furnace.  Credit 
for  this  development  is  not  claimed  by  the  Department 
of  Smoke  Inspection;  it  should  be  given  to  the  various 
contractors  who  installed  similar  settings.  This  develop- 
ment was  more  of  an  evolution  representing  the  combined 
efforts  of  all  of  those  engaged  in  the  study  of  smoke  sup- 
pression than  to  the  efforts  of  any  one  individual. 

The  furnace,  adapted  to  two-course  and  three-course 
boilers,  with  seams  open  for  inspection  as  provided  in  the 

'Copyright,  1914,   Osborn   Monnett. 
tSmoke   inspector,    city   of   Chicago. 


regulations  of  the  Chicago  Boiler  Inspection  Department, 
is  shown  in  Figs.  1,  8  and  3.  It  provides  an  uncovered 
grate  with  siphon  steam  Jets  and  panel  doors  through 
which  sufficient  air  may  be  admitted  over  the  fire,  a 
double-arch,  brick-wall  construction  over  and  back  of  the 
bridge-wall  for  a  distance  of  about  4  ft.,  and  a  single- 
span  deflection  arch.  With  a  good  draft,  and  if  carefully 
handled,  this  furnace  can  be  run  without  producing  dense 
smoke.  The  panels  should  have  a  free  opening  of  4  sq.in. 
for  each  square  foot  of  grate  surface,  and  should  be 
freely  used  after  firing,  together  with  the  steam  jets. 

Assuming  that  the  average  steam  jet  when  in  opera- 
tion uses  10  per  cent,  of  the  total  steam  generated,  that 
the  fire  is  charged  six  times  per  hour  and  that  the  steam 
jets  are  used  for  2  niin.  after  each  firing,  it  will  be  seen 
that  the  total  time  of  steam-Jet  operation  will  be  12  min., 
or  one-fifth  of  an  hour.  The  steam  used  by  the  Jets  will 
therefore  be  one-fifth  of  10  per  cent.,  or  2  per  cent,  of 


Fig.    H.    Double-Arch    Bridge-Wall    Setting    for    a 
Three-Course  Boiler 

the   total   steam   generated,   whicli   cannot  be  considered 
excessive  if  smokeless  results  are  a  consideration. 

Air  Admission 

Many  ex]Deriments  have  been  made  as  to  the  best  loca- 
tion for  the  admission  of  air  over  the  fire.  Some  of  the 
most  common  places  are :  Back  of  the  bridge-wall,  through 
the  top  in  the  front  face,  through  the  sides  immediately 
in  front,  along  the  side  walls  of  the  furnace,  over  the 
front  of  the  fire-doors,  etc.  From  these  experiments  it 
has  been  found  that  the  most  efl'ective  location  for  air 
admission  is  at  the  dead  plate.  This  can  be  explained 
when  it  is  considered  that  the  purpose  of  admitting  air 
is  to  bring  it  into  contact  with  the  volatile  matter.  Air 
admitted  at  the  dead  plate  naturally  takes  a  course  im- 
mediately across  the  fire,  owing  to  the  action  of  the  draft, 
producing  a  scrubbing  action  as  it  were,  and  bringing  the 
oxygen  into  intimate  contact  with  the  volatile  matter 
coming  off  from  the  fuel.  At  the  same  time  the  air 
is  being  heated  preparatory  to  entering  the  high-tem- 
perature zone  where  it  is  more  thoroughly  mixed  with  the 
hot  gases,  producing  a  secondary  combustion  as  the  gases 
pass  under  the  deflection  arch.     This  secondary  combus- 
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tioii  can  be  seen  when   looking  tlirough   the  rear  clean- 
©Ht  door  of  such  a  setting. 

Areas  through  Furxace 
Back  of  the  bridge-wall  the  setting  consists  of  a  two- 


chamber,  btit  this  shonld  be  done  I'athcr  than  interpose  a 
restriction  at  this  point. 

One  of  the  fundamental  principles  of  the  setting  re- 
quires that  the  top  of  the  span  of  the  deflection  arch 
should  be  on  a  level  or  below  the  top  of  the  bridge-wall; 


DIMENSION  SHEET  FOR  FIG.  4 
in  Inches  except  Column  B  which  is  i 
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Notes: — First  grade  of  fire  brick  to  be  used  throughout  with  the  excepti 
one  foot  behind  the  rear  face  of  the  deflection-arch. 

Fire  doors  must  provide  for  special  air  admission  of  an  area  equal  to  4  sq 
Make  damper  openings  equal  to  25  per  cent,  excess  of  tube  area. 
Dimensions  in  the  above  table  apply  only  for  the  ordinarj-  condit 
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chamber 

floor  and  the  side 

walls  of  the  chamber  back  from  a 

for  each  .-iquare  foot  of  grate  surface. 
and  are  subject  to  revision  f&r  unusual  "conditions. 


SECTIONAL    PLAN   A'A 


I  I'.,    k    l)i.\ii;.\.siox.s    FOR    l»oriiLi:-ARcn    T.i;ii)<;i:-\\'-M.l 

FUBXACE    FOB   ALL    COMMEKCIAL    SiZES    OF    BOILER.S 

II  or  butterfly  arch.     This  construction  stands  up  un- 
the  heat  better  than  a  single  span,  and  also  imposes 
ifiimum  stress  on  the  side  walls,  thereby  obviating  the 
of  l>uck  stays.     One  of  the  essentials  of  this  setting 
!iat  proper   areas   be  provided  through  the   furnace. 
le  must  be  a  free  opening  of  at  least  25  per  cent,  of 
:lii'   grate   surface   at    the   double-arch    bridge-wall;    the 
-iKicc  between  the  back  of  the  bridge-wall   and  the  de- 
'  '  tion  arch  must  show  an  area  of  at  least  -15  per  cent. 
lie  grate  surface,  while  the  area  under  the  deflection 
I      I  should  be  at  least  50  per  cent,  of  the  grate  surface. 
I   i  get  thi--^  area  under  the  deflection  arch,   it   will  fre- 
quently be  found  necessary  to  excavate  in  the  coniliustion 


SECTION  Y-Y 


SECTION    X-X 


never  above.  This  insures  positive  deflection  and  mix- 
ture. The  combustion  chamber  should  be  paved  with 
second-grade  firebrick  on  edge,  as  the  peculiarities  of  the 
furnace  concentrate  consideral)le  heat  on  the  bottom  of 
the  combustion  chamlier. 

Fig.  4  and  the  accompanying  tal)le  give  the  necessary 
dimensions  for  all  coinmercial  sizes  of  horizontal  return- 
tubular  boiler  set  with  double-arch  bridge-wall  furnaces. 


iTuniphrey  PunipM  have  been  selected  by  the  Egryptian 
CJovernment  for  the  drainage  of  Lake  Mareotls,  near  Alex- 
andria. This  installation  will  rank  among:  the  world's  larg- 
est pumping:  stations,  the  complete  equipment  consisting  of 
eighteen  pumps  t-ach  having  a  capacity  of  100  inillion  irallons 
per  daV  throusrh  a  lift  of  20  feet.  Each  pump  will  be  about 
two  and  one-halt  times  the  size  of  those  installed  last  year 
at  Chingford,  England  (See  "Power".  April  2n.  i;»13),  and  will 
have  an  internal  diameter  of  nearly  nine  feet.  Gas  will  be 
furnished  by  nine  specially  designed  anthracite  i>roducers. 
In  addition,  there  will  be  installed  a  Baa-engine  lighting 
and  power  plant,  only  ten  of  the  Humphrey  pumps  will  be 
Installed   immediately. 


Dutjr  to  t'ontrnctor'H  Kmplayerii — .\n  electric  power  com- 
pany Is  liable  for  injury  to  a  contractor's  employee  while  at 
work  on  the  company's  premises,  due  to  negligent  failure  to 
warn  him  against  the  danger  of  coming  in  contact  with  an 
uninsulated  high-voltage  wire,  If  the  danger  Is  not  obvious 
to  him,  according  to  a  recent  decision  of  the  Idaho  .Supreme 
Court  announced  in  the  case  of  Gagnon  vs.  St.  Maries  Light  & 
Power  Co.,   141    'Paclllc    Ueporter."    SS. 
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This  tool  cuts  oil  pipe  with  a  square  eud,  without  leav- 
ing auy  burr.     The  cutting  knives  have  automatic  feed. 

The  cut  is  regulated  so  that  a  very  thin  section  of 
the  pipe  is  cut  out.  similar  to  a  cutting-off  tool  in  a  lathe. 


S(;iAi;i:-Kxi)  PiiM';  C'uttei; 
inftead    of    depressing    it.    leaving    the    pipe    clean    and 
square.     The  pipe  cutter,  manufactured  by  the  Borden 
Co.,  TVarren,  Ohio,  illustrated  lierewith,  does  not  split  the 
pijie  and  leaves  the  full  area. 

Every  modern  power  station  is  equipped  with  some 
kind  of  a  water  meter,  so  that  accurate  and  continuous 
records  can  be  kept  of  the  amount  of  water  used  in  the 
•various  apparatus.  Generally,  the  water  to  be  metered  is 
at  a  high  temperature,  and  to  meet  this  condition  the 
meter  illustrated  herewith  has  been  designed  and  placed 


on  the  market  by  the  Alberger  Pum])  &  Condenser  Co;, 
140  Cedar  St.,  New  York  City.  As  shown  in  Figs.  1 
and  2,  the  machine  is  simple  in  construction  and  its  op- 
eration is  easily  understood.  All  its  parts  are  on  the 
outside,  making  it  easy  of  inspection,  and  small,  delicate 
parts  have  been  eliminated.  The  meter  has  no  valves, 
it  is  not  affected  by  oil  or  mud  in  the  water,  and  it  will 
measure  liquids  at  any  temperature. 

The  shell  is  constructed  of  cast-iron  sections,  boltel 
Tiiwther.  The  meter  consists  of  two  tanks,  an  upper  re- 
ri'ixing  tank  .4,  Fig.  2,  in  the  top  part  of  the  meter,  ami 
.1  lower  measuring  tank  B,  divided  into  two  compartments 
li\    a   (ciilral    xfrtical   partition   ('. 


Fiu.   1.  Mktek  Showing  Ixteeior  Coxstkcctiox 


FiG.    2.    Details   of    JIeti;i( 

Liquid  enters  the  receiving  tank  and  flows  through  a 
slot  in  the  bottom  into  the  measuring  tank  B,  which 
lias  a  discharge  valve  D  and  K  opening  downward,  one  in 
each  compartment.  The  valves  are  held  to  their  seats 
by  the  valve  rods  E  af  d  are  operated  by  the  lever  arms  L. 
The  tilting  inlet  valve  G  is  moved  by  a  wristplate,  there- 
Ijy  deflecting  the  water  either  into  the  right  or  the  left 
compartment.  With  the  tilting  valve  G  and  the  ^vrist- 
plate  F  in  the  positions  shown,  the  water  flowing  into  the 
left  measuring  tank,  the  operation  is  as  follows: 

The  discharge  valve  D  is  kept  to  its  seat  by  the  wrist- 
plate  F.  which  is  held  bvi  the  latch  //.  As  the  water  rises 
in  the  compartment,  it  lifts  the  float  7,  which,  through 
the  lever  .1/.  unhooks  the  latch  H  and  releases  the  wrist- 
]>late.  The  weisjht  of  the  water  on  the  discharge  valve  D 
instantly  pulls  down  the  valve  and  rotates  the  wristplate. 
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'riii>i  turns  the  tilting  inlet  valve  G  to  deflect  the  water 
into  the  right  measuring  tank  Bj  at  the  same  time  it 
draws  up  the  discharge  valve  E  to  its  seat,  where  it  is 
)i(  1(1  by  the  latch  0,  ready  for  the  water  now  flow- 
uii;-  into  the  right  compartment.  The  springs  J  on  the 
head  of  the  valve  rods  E  hold  the  discharge  valves  up 
to  their  seats  and  keep  them  tight. 

The  hardened-steel  wristplate  and  latches  have  hook 
lilorks  similar  to  those  on  the  valve  gear  of  a  Corliss  en- 
iiiiic.  The  wristplate  is  mounted  on  ball  bearings,  as  are 
till.'  rollers  on  the  rim  of  the  wristplate  on  which  the 
liM'rs  controlling  the  valves  roll. 

The  operation  of  the  meter  is  automatic  and  con- 
tinuous, and  a  record  of  the  cycles  of  oiJeratiou  is  regis- 
tered on  a  revolving  counter  P. 


The  movement  of  the  valve  mechanism  when  the  meter 
trips  is  instantaneous.  A  gage  with  a  metal  point  is 
fitted  on  each  compartment  of  the  measuring  tank  with 
the  point  so  set  that  the  compartment  will  contain  the 
required  amount  of  liquid  for  which  the  machine  is  cali- 
brated. The  working  parts  are  then  so  adjusted  that 
at  the  instant  the  liquid  closes  over  this  point,  the  mech- 
anism trips  and  the  contents  of  the  compartment  are 
discharged. 

The  meter  is  guaranteed  to  operate  within  one  per  cent, 
of  absolute  accuracy,  at  any  rate  of  flow  up  to  its  ca- 
pacity, and  at  the  temperature  for  which  it  was  cali- 
brated. It  is  made  for  capacities  of  25,000  lb.  of  water 
per  hour  up  to  300,000.  The  smallest  size  of  inlet  is  3 
and  the  largest  10  inches. 


'Ence  Ceimilirif^gsil  Ftmiimp 


Centrifugal  pumps  in  two  styles — the  double  suction 
for  generating  moderate  heads  and  the  multistage  for 
greater  heads — are  built  by  the  Providence  Engineering 
Works,  Providence,  E.  I. 

Their  characteristics  of  design  are  accessibility  to  all 


without  disturbing  any  pipe  connection  when  inspecting 
the  pump  interior.  The  lower  casing  has  flange  openings 
below  the  shaft  for  the  suction-  and  discharge-pipe  connec- 
tions. This  arrangement  makes  it  easy  to  connect  the 
pump  and  the  pipes  are  out  of  the  way.     Fig.  3  is  an  ex- 


rneir  cnaractenstics  ot  design  are  accessibility  to  au      pump  ana  tiie  pipes  are  out  ot  tne  way.     J^ig.  :j  is  an  ex- 
wearing  parts  without  disturbing  the  pipe  connections,     terior  view  of  the  multistage  pump  connected  to  a  motor 


Fig.  1.  Section  TiiH()i(in  MrLxiis'i'Aiii';  Puiir 


simplicity  of  construction  and  (ipcration,  easy  cunui'ctiDiis 
to  the  suction  and  [ircssure  mains,  and  a  in-operly  de- 
signed passage  throughout  the  i)ump  and  impeller  to  in- 
sure an  undisturbed  flow  of  fluid.  All  the  parts  subject 
to  Wear  are  easily  removed  and  renewed;  they  may  be 
furnished  by  the  manufacturer  or  made  by  the  user  of  the 
pump  if  it  is  more  convenient. 

The  pump  oj^sinp  is  split  on  a  plane  passing  through 
the  shaft  axis,  so  that  flic  upper  casing  may  be  removed 


'I'lie  design  of  the  jiump  is  so  simple  that  it  can  i)e 
stopped,  opened,  inspected,  closed  and  made  ready  to 
^tart  in  loss  than  '1.5  minutes. 

The  suction  duct  is  so  disposed  as  to  lead  the  incoming 
current  smoothly  and  at  a  uniform  rate  through  the  inlet 
flange  and  bring  it  in  a  compact  mass  up  to  the  inner 
edges  of  the  imijcller  vanes.  As  the  liquid  is  protected 
from  the  rotating  cfTect  of  the  impeller  huh,  it  enters  un- 
disturbed in  a  radial  direction  into  the  rotating-vane  pas- 
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sages,  where  the  vanes  impart  to  it  a  gradually  increasing 
degree  of  rotation,  finally  delivering  it  into  the  discharge 
chamber.  This  is  one  of  the  main  features  of  the  pump 
and  much  attention  has  been  given  to  its  design,  so  that 
the  water  must  reach  the  impeller  vanes  in  a  compact 
and  undisturbed  state.  This  action  will  increase  the 
pump  capacity  over  what  it  would  be  if  the  liquid  was 


ernlly,  they  are  made  of  gun  metal.  On  each  side  and 
surrounding  the  inlet  opening,  the  impeller  is  fitted  to 
receive  packing  rings  of  the  same  material  as  the  im- 
peller. The  impeller  is  keyed  to  the  shaft  and  adjusted 
to  permit  its  easy  removal  when  necessary. 

Leakage  from  the  impeller  chamber  into  the  inlet 
chamber  cannot  be  prevented,  but  it  is  checked  by  means 
of  radial  labyrinths  between  the  inner  walls  of  the  im- 
peller and  the  casing  walls.  This  feature  is  shown  in 
Fig.  1.  In  Fig.  3  are  shown  details  of  the  radial-impeller 
labyrinths  which  are  used  exclusively  in  these  pumps. 
They  allow  the  slight  eccentric  movement  of  the  rotating 
mendjer  without  altering  the  efficiency  of  the  joints.  The 
lateral  clearance  is  preserved  through  careful  hydraulic 
balancing  of  the  rotating  parts  and  adjustment  of  the 
thrust  bearings.  What  leakage  takes  place  does  not  in- 
terfere with  the  incoming  current  and  mingles  with  it  a 
short  distance  before  their  common  entrance  into  the 
impeller  proper.  The  casing  labyrinths  are  composed  of 
rings  made  in  halves  and  each  is  so  fastened  that  when 
the  pump  cover  is  removed  for  inspection,  the  upper 
halves  of  the  casing  rings  remain  attached  to  the  cover, 
thus  allowing  an  unhindered  view  of  the  surfaces  of  the 
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Fig.  3.  Radial  Impklleu 
Labyeixtii 


Fig.  4.  Diaphragm 
Labykixth 


Fig.    5.     TiinrsT 
Bearixg 


disturbed  by  contact  with  the  extensive  surfaces  of  the 
impeller  hub  and  web. 

The  method  of  protecting  the  incoming  water  from  the 
action  of  the  impeller  hub  is  showTi  in  Fig.  1,  a  sectional 
view  of  a  multistage  pump.  The  inlet  duct  terminates  in 
a  conical  shell  extending  close  to  the  impeller  vane.  This 
shell  is  of  bronze,  except  where  ammonia  liquors  are 
handled,  in  which  case  the  apparatus  is  made  of  cast  iron. 

As  shown  in  Fig.  1,  the  easing  is  shaped  to  make  the 
travel  from  the  periphery  of  the  impeller  through  the  dis- 
charge flange  as  direct  as  possible  and  it  is  proportioned 
to  permit  gradual  and  unhindered  reduction  of  the  jet 
velocity. 

The  two  parts  of  the  casing  are  bolted  together  with  a 
manila  paper  gasket  between.  The  gasket  is  shellacked 
to  the  lower  casing  and  covered  with  graphite  ])aste  on  the 
iipper  side,  which  readily  allows  removing  the  upper  cas- 
ing without  destroying  the  gasket. 

The  impeller  is  of  the  inclosed  type,  in  which  the  sides 
of  the  vanes  are  cast  integrally.  The  vane  passages  are 
spaced  to  suit  the  working  conditions  imposed,  and  are 
hand  finished;  the  outer  sides  of  the  hub  of  the  impeller 
are  machined.  The  impellers  are  made  to  suit  the  wear 
and  corrosion  according  to  the  liquid  to  be  handled;  gea- 


othcr  parts;  that  is,  the  impeller  ring  which  screws  on  5 
each  side  of  the  impeller,  as  shown  in  Fig.  3. 

On  either  side,  the  impeller  has  labyrinth  rings  to  pre-  7 
vent  leakage  from  the  discharge  chamber  into  the  im-  :| 
pcller  inta]-e,  but  in  the  multistage  pump  two  adjacent  t 
pieces  are  separated  by  a  diaphragm  having  an  openingi 
through  which  tjie  shaft  passes.    This  is  shown  in  Fig.  4.  •) 
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Fig.   6.   Eotatixg  Parts   op  the   Pump 

The  casing  shell  of  the  radial  labyrinth  is  split  so  thatij 
the  upper  half  (it  is  held  in  the  pump  cover  in  the  same  1 
manner  as  the  impeller-casing  labyrinth)  is  attached '1 
when  the  cover  is  removed;  all  the  parts  subject  to  wearr: 
are  accessible  for  examination.  The  casing  shell  extends  c 
into  the  inlet  chamber  of  the  next  impeller  and  also  serves i/ 
as  a  guide  wall,  thus  leading  the  incoming  liquid  into;; 
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the  impeller  passages  and  preventing  the  contact  of  the 
liquid  with  the  rotating  surfaces  of  the  impeller  web  and 
hub.  The  axial  clearance  between  the  labyrinth  flanges 
is  the  same  as  in  the  imf)eller  labyrinth,  while  the  radial 
clearance  is  sufficient  to  accommodate  any  ordinary  ec- 
centric motion  of  the  shaft.  The  bronze  casing,  impeller 
and  diajjhragm  labyrinths,  for  ordinary  conditions,  are 
composed  of  88  parts  copper,  10  parts  tin  and  3  parts 
zinc. 

The  bearings  are  in  brackets  cast  integral  w^ith  the 
lower  part  of  the  pump  casing,  one  being  plain  and  the 
other  a  combination  of  plain  and  marine  thrust  bear- 
ings. The  plain  bearing  is  a  split  cast-iron  shell  lined 
with  babbitt  and  arranged  for  ring  oil  lubrication ;  it  is 
located  usually  near  the  driving  end  and  the  other  is  then 
outboard.  The  bearing  shell  can  be  rebabbitted  by  any 
mechanic.  The  outboard,  or  combination  bearing,  known 
as  a  thrust  bearing,  Fig.  5,  is  a  split,  cast-iron  shell, 
grooved  and  babbitted  to  accommodate  a  removable  and 
renewable  steel  thrust  sleeve  carried  by  the  shaft.  This 
sleeve  has  thrust  collars  which  fit  babbitted  grooves  in 
the  shell.  Between  any  two  adjacent  collars,  there  is  an 
oil  ring  which  lubricates  the  plain  parts  of  the  sleeve 
as  well  as  the  sides  of  the  two  collars. 

One  end  of  the  shell  is  provided  with  a  bolt  and  thimble 
attachment  whereby  close  adjustment  of  the  bearing  as 
to  the  thrust  collar  can  be  had  and  maintained.  Both 
bearings  are  readily  accessible  for  inspection  by  simply 
removing  the  caps  and  lifting  the  upper  shells  which  ex- 
pose the  wearing  surfaces  of  the  shaft.  The  design  of 
the  shell  is  such  that  the  upper  one  can  be  easily  removed 
and  then  the  lower  ones  may  be  turned  around  the  shaft 
and  also  removed  without  trouble.  The  caps  are  cored 
out  so  that,  in  case  hot  liquids  are  handled,  they  can  be 
connected  to  a  cold-water  system  and  the  bearings  thus 
cooled  through  contact  of  the  upper  bearing  with  the 
inner  surface  of  the  cap. 

The  shaft  is  protected  from  contact  with  the  liquid 
passing  through  the  pump  by  the  impeller  hub  and  lock- 
ing nut.  The  rest  of  the  shaft,  on  both  sides  of  the  im- 
peller and  that  which  passes  through  the  stuffing-boxes, 
is  protected  by  sleeves  screwed  to  the  shaft  itself  and  ex- 
tending past  the  packing.  These  .sleeves  are  removable 
and  renewable,  and  of  material  which  will  withstand  the 
action  of  the  various  liquids  handled.  The  rotating  parts 
of  the  pump.  Fig.  6,  are  balanced,  first  on  parallels  and 
eventually  by  speed  trials  without  handling  water.  With 
the  double-suction  pump,  both  sides  of  the  impeller  are 
symmetrically  disposed,  thus  an  equal  amount  of  water 
may  traverse  each  side  of  the  impeller  from  the  suction 
chamber  to  the  discharge  chamber. 

The  hydraulic  balancing  of  the  multistage  pump  is  ol)- 
tained  (a)  by  symmetrically  disposing  the  impeller  laby- 
rinths on  each  side  of  each  impeller;  (b)  by  providing 
communication  from  the  balancing  chamber  formed  on 
the  rear  of  each  impeller  through  the  web  and  into  the 
impeller  inlet  proper,  so  as  to  cause  the  pressure  to  be 
practically  the  same  at  these  two  points  and  that  tho 
liquid  traversing  from  one  to  the  other  does  not  disturb 
the  flow  of  liquid  entering  the  impeller  passages;  and  (c) 
by  having  on  the  high-pressure  side  of  tlic  pump  a  labv- 
rinth  pressure-reducing  device.  This  materially  assists 
the  operation  of  the  packing  in  the  stuffinir-box,  because 
the  soft  packing  is  practically  under  the  same  pressure 
as  at  the  suction  end.    This  labyrinthine  device  leads  into 


a  small  chamber  which  communicates  with  a  suction  duct 
through  a  small  pipe  having  a  regulating  valve.  A  slight 
adjustment  of  this  valve  suffices  to  counteract  any  imper- 
fections in  the  ordinary  balancing  of  the  pump  which 
might  develop  during  irregular  operation. 

Referring  to  Fig.  7,  it  will  be  seen  that  the  pump  bed- 
plate is  of  very  light  construction  since  ordinarily  it  is 
to  be  grouted  onto  solid  foundations,  the  manufacturers 
believing  that  in  many  places  the  first  cost  may  be  re- 
duced  appreciably   by   omitting   the   cast-iron   base    and 


Fig. 


Multistage    I'ujir    wixii    Covee    Lifted 


mounting  the  pump  and  its  motor  directly  upon  a  con- 
crete foundation  as,  except  when  engine  driven,  heavy 
and  expensive  foundations  are  not  required.  Besides,  ex- 
perience has  shown  that,  no  matter  how  hea\"y  the  bed- 
plate may  be,  whenever  the  pump  or  its  prime  mover  gets 
out  of  alignment,  due  mostly  to  stress  in  the  piping,  the 
bedplate  is  never  ungrouted,  but,  instead,  the  pump  is 
shimmed  up  or  suitably  shifted  until  the  alignment  is 
again  obtained.  This  points  to  a  possible  reduction  in 
first  cost  through  tlie  omission  of  a  bedplate  whenever 
feasible. 
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The  accompanying  table  gives  the  pressure  in  pounds 
per  square  inch,  also  in  pounds  per  square  foot  for  vari- 
ous barometric  readings  from  28.5  to  30. Gl  in.  This  table 
is  calculated,  using  as  the  density  of  mercury  846.8  lb. 
per  cubic  foot,  the  value  given  by  Kent  at  a  temperature 
of  60  deg.  F. 
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In  general  design  ami  construction,  the  new  power 
plant  of  the  Owens-Eastern  Bottle  Co.,  Clarksburg,  W. 
Va.,  represents  the  latest  practice  in  gas  engineering.  The 
fuel,  natural  gas,  passes  through  the  low-pressure  regula- 
tor at  8  oz.  and  is  further  reduced  to  approximately  at- 


Fig.  1  is  a  general  view  of  the  engine  room  and  Fig.  2 
shows  the  piping  side  of  one  of  the  engines  while  in  the 
erecting  shop.  The  main  layshaft  carries  the  eccentrics  op- 
orating  the  inlet  and  exhaust  valves,  and  through  a  set 
of  helical  gears  it  also  drives  the  small  ignition  lay- 
shaft,  from  which  the  igniters  and  special  multiple  force- 
feed  cylinder  lubricators  are  mechanically  operated.  The 
\ipper  helical  gear  can  be  shifted  longitudinally  on  the 


Fig.  1.  Engine  Room,  Showing  Two  Units  jSTow    Installed 


mospherie  pressure  in  a  special  gasometer,  which  is  be- 
tween the  throttle  and  the  engine. 

Each  of  the  two  main  units  consists  of  a  horizontal,  sin- 
gle-tandem, douljle-acting  C.  &  G.  Cooper  engine  directly 
connected  to  a  Crocker-Wheeler  direct-current  genera- 
tor. The  cylinders  are  24  in.  in  diameter  by  36-in. 
stroke,  and  when  running  at  125  r.p.m.,  each  engine  de- 
velops 600  hp.  A  fairly  constant  load  is  carried  over  a 
continuous  24-hr.  service,  each  unit  operating  alternately 
for  two-week  periods.    A  third  unit  will  be  installed  later. 


Gas  Throttle 


Ignition 
Switch , 
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Fig.  2.  Showing  Piping  Side  of  Engine 


Fig.  3.  Operating  Stand 


Jnly  28,  1914 


POWER 


133 


shaft  and  loi'ked  by  means  of  a  hand  lover  on  the  side  of 
the  gear  case,  therebj'  uniformly  advancing  or  retarding 
all  the  ignition  trips  while  the  engine  is  running.  The 
gas  and  air  piping  (Fig.  3),  is  arranged  to  form  a  stair- 
way and  platform,  so  that  the  operator  may  conveniently 
oil  and  inspect  the  inlet  gear. 

The  simplicity  of  starting  and  stopping  is  also  a  fea- 
ture, the  floor-stand  throttle  valve  or  operating  center  be- 
ing shown  in  Fig.  3.  The  gas,  air  starting,  and  water 
valves,  as  well  as  the  ignition  switch,  are  all  on  this  stand. 
To  start  the  engine,  the  compressed-air  valve  must  first  be 
cpened,  then  the  gas  valve,  and  as  soon  a.s  ignition  takes 


2jlace  in  the  cylinders,  this  pressure  air  is  replaced  by  the 
regular  explosive  mixture.  The  air-starting  device  is  au- 
tomatically thrown  out  of  service  when  the  air  valve  at 
the  throttle  is  closed.  Force-feed  lubrication  is  supplied 
automatically  to  all  main  moving  parts  when  the  engine  is. 
started.  An  automatic  safety  stop  is  provided  on  each 
engine,  which  trips  a  switch  in  the  ignition  circuit  should 
the  engine  speed  exceed  10  per  cent,  above  normal. 

The  gas  consumption  is  about  10  cu.ft.  per  horsepower- 
hour,  and  the  plant  complete,  including  the  building, 
main  units,  foundations  and  auxiliaries,  will  cost  approxi- 
mately $90  per  kilowatt. 
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By  J.  E.  Ti;ifMAx 


SYNOPSIS — Where  two  or  more  boilers  are  connected 
in  a  gravity-return,  steam-heating  apparatus,  the  method 
of  best  arranging  the  return  connections  and  placing  the 
boiler  check  valves  is  often  open  to  discussion.  The  au- 
thor outlines  three  methods,  giving  the  objections  to  the 
first  two  and  reasons  why  the  last  is  to  be  preferred. 


According  to  the  Massachusetts  rules,  "the  main  return 
pipe  to  a  heating  boiler  (gravity-return  system)  shall 
have  a  check  valve  and  also  a  stop  valve  between  the  chock 
valve  and  the  boiler,''  and  "when  there  are  two  connected 
boilers  (gravitv-return  svstems),  one  (1)  cheek  valve  may 
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be  placed  on  the  main  return  pipe  and  a  stop  valve  on  the 
branch  pipe  to  each  boiler,"  as  shown  in  Fig.  1. 

With  the  arrangement  shown  in  Fig.  1,  in  shutting 
down  one  of  tlie  boilers,  if  its  steam  stop  valve  is  closed 
while  a  flro  is  still  under  tlio  boiler,  and  the  altendant 


neglects  to  close  the  return  stop  valve  T,  the  contimied 
generation  of  steam  would  build  up  a  pressure  by  which 
the  water  of  the  boiler  would  be  forced  into  the  other 
boiler,  causing  the  cutout  boiler  to  be  burned  or  cracked, 
if  not  more  seriously  damaged. 

For  meeting  such  conditions,  the  suggestion  is  often 
made  that  a  separate  check  valve  could  be  placed  on  each 
boiler,  as  shown  at  C  and  C  in  Fig.  2,  but,  comparing  the 
relative  safety  of  the  two  methods,  there  is  a  number  of 

Connection  from 
equalizer  to  steam  mam 


fl«@ 


Fig.  3.  End  axd  Side  View  of  lijiAviTT-IiETURN 
Connection  Made  above  Water  Line  of  Boiler 

important  considerations.  The  chances  that  circumstances 
may  cause  an  accident  with  the  arrangement  shown  in 
Fig.  1  are  slight,  for  an  attendant  who  would  close  the 
steam  stop  valve  on  the  l)oiler  which  was  to  be  cut  out  of 
use  would  probably  also  close  the  return  stop  valve. 

The  objection  to  having  a  separate  check  valve  on  each 
boiler,  as  shown  in  Fig.  2,  is  the  impossibility  of  main- 
taining the  proper  water  level.  AVitli  any  arrangement 
of  return  connections  it  is  difficult  to  secure  the  same 
frictional  resistance  in  pipes  and  fittings,  and  with  the 
boilers  connected  and  opcn-ating  under  the  same  ]iressurc, 
a  dilTeroncc  of  head  lost  in  friction  in  the  return  con- 
nections results  in  a  difference  of  water  level. 

The  discrepancy  of  water  level  from  this  cause  remains 
practically  constant,  but  the  use  of  separate  check  valves, 
introduces  another  cause  for  variation.  ^TiCn  a  check 
valve  is  closed,  the  area  exposed  to  pressure  on  the  outlet 
i.s  more  than  on  the  inlet  side  by  the  projected  area  of 
the  valve  seat,  hence  when  the  valve  closes,  considerably 
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more  pressure  is  required  to  open  than  to  close  it,  and 
when  opened  it  will  not  dose  nntil  the  total  pressure  on 
each  side  is  almost  equal — i.e..  until  the  flow  has  practical- 
ly ceased. 

For  separate  checks  to  act  in  unison,  they  must  not 
only  be  of  the  same  size  but  they  must  be  the  same  in 
areas  of  their  seats,  and  at  best,  the  alternate  action  of 
the  checks  results  in  see-sawiiig  of  the  water  levels — often 
with  such  wide  variations  from  low-water  line  as  to  en- 
danger the  boilers.  Sometimes  the  difficulty  has  been 
remedied  by  carefully  weighting  the  check  valves  to  com- 
pensate the  variations,  but  this  is  only  temporary,  for 
with  wear,  a  relative  change  of  friction  or  of  seating 
takes  place  and  the  variations  of  water  level  soon  become 
as  great  as  ever. 

Since  the  difficulties  from  connections  arranged,  as  in 
Fig.  2,  are  likely  to  arise  during  normal  operation,  it 
may  be  considered  that  there  is  less  risk  from  an  improper 
use  of  valves  arranged  as  in  Fig.  1  than  from  the  use 
of  a  check  valve  on  each  boiler. 

The  serious  objections  to  connections  made  as  in  Figs. 
1  and  2  would  seem  to  be  obviated  by  arranging  them  as 
in   Fig.   3.     There,   the   returns  are  connected   into   the 


bottom  of  the  main  feed  pipes,  set  at  al)out  the  same 
height  as  the  ordinary  working  water  level  of  the  boilers, 
the  return  connections  to  each  boiler  being  provided  with 
u  return  stop  valve  which  should  be  closed  when  the 
boiler  is  idle,  and  a  check  valve  should  be  located  in  the 
main  return,  as  in  Fig.  1.  With  this  arrangement,  if  the 
attendant  should  shut  ofE  only  the  steam  valve  of  a  boile' 
while  there  was  a  tendency  for  the  pressure  to  rise  in  that 
boiler,  the  water  level  could  not  be  reduced  below  the 
level  of  the  feed-pipe  connection.  No  great  harm  could 
result,  as  the  excess  of  pressure  backing  into  the  other 
boiler  would  probably  cause  a  water-hammer  and  thereby 
warn  the  attendant  of  his  neglecting  to  close  the  return 
stop  valve  of  the  idle  boiler  in  advance  of  the  time  re- 
quired for  replenishing  the  water  evaporated  from  the 
boiler  continued  in  use. 

The  writer  cannot  testify  to  having  tried  the  arrange- 
ment shown  in  Fig.  -3,  but  he  sees  no  reason  why  it  is 
not  feasible  where  two  or  more  boilers  are  connected. 
This  method  of  connecting  the  return  pipe  appears  to  be 
a  good  one  for  a  single  boiler,  where  there  may  be  danger 
of  the  water  level  becoming  reduced  below  the  safe  water 
line  from  closure  of  the  steam  stop  valve. 
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SYNOPSIS — An  explanation  of  the,  operation  of  pro- 
tective relays  of  the  simple  overload,  reverse-current, 
definite  time-limit  and  inverse  time-limit  types;  also 
relays  for  remote  control  of  motors,  switches,  etc. 


By  Charles  C.  Raitt. 

There  arc  two  general  types  of  simple  overload  relays 
in  common  use.  If  an  auxiliary  source  of  current  is  to 
be  used  for  operating  the  tripping  mechanism,  a  single 
coil  relay  may  be  placed  in  series  with  the  main  circuit 
and  iiiTMiigi'd  to  close  the  tri]j  coil  t'lreidt  when  overload 


In  its  various  forms  the  electromagnet  is  the  most 
common  means  of  producing  the  motion  necessary  for 
tlie  automatic  control  of  electrical  apparatus.  Among  its 
principal  applications  are  protective  relay's,  controllers 
for  elevator  motors,  large  machine-tool  motors  and  hand- 
operated   relays  for  controlling  distant   apparatus. 

Protective  Relays 

Protective  relays  are  divided  into  classes  according  to 
the  nature  of  the  protection  desired,  these  being:  simple 
overload  relays,  reverse-current  relays,  definite  time-limit 
relavs  for  overload  protection,  inv^rso  time-limit  overload 

5ene-5  Transformer 


Auxiliary 
Supply 

FiCr.  1.  Simple  Overload 
Relay  for  Direct 
Current 


Fig.  2.  Simple  Overload 

Relay  for  Alternating 

Current 


relays,  and  combinations  of  these.  In  general,  it  may  be 
said  that  "make-contact"  devices  are  used  for  protective 
relavs  when  a  reliable  source  of  direct  current  is  avail- 
able, and  "break-contact"  devices  when  this  is  not  the 
case. 


Fig.  3.  Showing  Overload  Fig.  4.  Showing  Reverse- 
Action  Current  Action 

occurs,  as  shown  diagrammatically  in  Fig.  1.  The  ten- 
sion in  the  spring  i^  is  regulated  according  to  the  max- 
imum value  of  current  desired  in  the  main  power  cir- 
cuit. "\^lien  this  value  is  exceeded,  the  magnetic  pull 
in  the  series  relay  B.  overcomes  the  force  of  the  spring 
and  causes  the  contact  C  to  close  the  trip  coil  circuit  at 
,1.  The  tripping  relay,  in  turn,  presses  on  the  lever  L 
and  opens  the  main  circuit  at  B.  This  combination  may 
be  used  for  either  alternating  current  or  direct  current. 
Often,  as  in  the  case  of  switchboard  circuit-breakers,  the 
auxiliary  circuit  is  dispensed  with  entirely  and  the  se- 
ries relay  is  made  to  open  the  circuit  directlj'. 

For  alternating-current  circuits  an  alternative  method 
may  be  used  when  there  is  no  direct-current  supply  avail- 
able; this  is  shown  in  Fig.  2.  Here  a  .'^eries  transformer 
is  placed  in  the  main  circuit  and  two  parallel  circuits  are 
taken  from  its  secondarv  winding.     To  the  first  of  these 
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circuits  a  relay  E  is  connected,  which  normally  short- 
circuits  the  second  circuit,  which  is  used  for  energizing 
tlie  trip  coil.  When  an  overload  occurs,  the  pull  in  R 
overcomes  the  force  of  the  spring  S  and  opens  the  short- 
circuiting  switch  at  A.  Current  then  passes  from  the 
transformer  through  the  trip  coil,  causing  the  latter  to 
press  on  the  lever  L  and  open  the  main  circuit  at  B. 

For  circuits  which  require  protection  against  con- 
tinued overload,  but  in  which  it  is  important  to  main- 
tain service,  the  possibility  of  interruption  of  service  due 
to  momentary  overloads  is  avoided  by  using  the  time- 
limit  overload  relay.  The  function  of  this  is  to  delay 
the  opening  of  the  circuit  until  anv  momentary  over- 
load may  have  had  time  to  die  out.  If  the  overload  con- 
tinues, however,  the  circuit  will  be  opened.  There  are 
t«"o  types  of  time-limit  relays,  tlie  definite  and  the  in- 
verse time-limit  relays. 

The  definite  time-limit  relay  is  commonly  composed 
of  a  plunger  magnet,  a  spring  and  a  bellows.  '\Mren 
overload  occurs,  the  plunger  moves  through  its  com- 
plete path  instantly,  compressing  the  spring.  The  spring 
is  in  contact  with  the  bellows,  and  the  time  required  to 
compress  the  bellows  is  proportional  only  to  the  strength 
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of  the  spring  and  is  independent  of  the  magnitude  of  the 
overload.  Thus  the  time  required  to  compress  the  bel- 
lows is  always  the  same.  The  tripping  mechanism  is 
80  arranged  that  the  circuit  will  not  bo  opened  until  the 
bellows  is  completely  compressed. 

The  inverse  time-limit  overload  relay  may  be  con- 
structed similarly  to  the  definite  time-limit  relay,  except 
that  the  spring  is  omitted.  The  plunger  acts  directly 
upon  the  bellows,  and  for  this  reason  the  time  required 
to  compress  the  bellows  is  now  inversely  proportional  to 
the  magnitude  of  the  overload. 

The  time-limit  action  in  these  relays  may  be  obtained 
in  other  ways,  as,  for  instance,  l)y  substituting  air  or  oil 
dashpots  or  the  action  of  gravity  for  the  bellows. 

Ki;vERSE-CfRKi:\T   Relay.s 

Another  type  of  direct-current,  inverse  time-limit  relay 
is  in  common  use  for  the  protection  of  storage  batteries 
and  rotary  converters  against  reversal  of  current.  It  is 
composed  of  a  stationary  coil  and  a  rotating  coil  wound 
on  an  aluminum  frame.  The  main  feature  of  this  relay 
is  its  reverse-current  action.  It  gives  no  overload  pro- 
tection when  the  current  is  in  the  positive  direction,  but 
when  the  current  in  the  circuit  reverses,  it  causes  the 
rotating  coil  to  reverse.  This  reversal  is  opposed  by 
eddy  currents  set  up  in  the  aluminum  frame,  which  react 
against  the  flux  in  the  moving  coil  and  give  the  recjuired 


inverse  time-limit  element.  The  trip  coil  contacts  are 
so  arranged  as  to  operate  the  circuit-breaker  when  the 
rotating  coil  reverses. 

Figs.  3  and  4  show  an  ingenious  method  of  producing 
an  alternating-current  overload,  reverse-current,  inverse 
time-limit  relay  for  single-phase  operation.  There  are 
two  coils  wound  on  the  same  relay  and  so  connected  as 
to  oppose  each  other  under  normal  conditions.  One  coil 
is  excited  from  a  current  transformer  in  the  main  cir- 
cuit and  the  other  from  a  potential  transformer  in  the 
same  circuit.     Xormally,  the  ])ull  of  the  spring  S  and 


Fic.  6.   Selective  C'oxthol  Fig.  7.  Selective  C  oxtuol 
Relay  for  Direct  Relay  for  Alteexatixg 

CCEREXT  CuEEEXT 

the  coil  1  are  sufficient  to  overcome  the  action  of  the  coil 
2.  When  overload  occurs,  the  strength  of  coil  2  is  in- 
creased, while  that  of  coil  1  is  unchanged.  Therefore, 
the  plunger  moves  to  the  right,  closing  the  trip-coil  cir- 
cuit at  A,  which  in  turn  opens  the  main  circtiit  at  B. 

If  the  line  in  which  the  relay  is  placed  is  operated  in 
parallel  with  some  other  line  and  failure  occurs  between 
the  relay  and  the  generator,  current  will  be  fed  back 
through  the  relay  into  the  failure.  In  this  case  the 
current  in  coil  1  will  be  reversed,  while  that  in  coil  2 
remains  unchanged  in  direction,  with  the  result  that  the 
two  coils  will  combine  to  ojipose  the  force  of  the  spring 
-S'  and  operate  the  circuit-breaker.  This  relay  is  de- 
fective in  that  it  is  inoperative  at  the  low  power  factor 
which  obtains  when  there  is  a  short-circuit  on  the  line. 

Still  another  common  type  of  alternating-current 
overload,  reverse-current,  inverse  time-limit  relay  is  of 
the  integrating  w^attmeter  type,  the  essential  features  of 
which  are  shown  in  Fig.  .3.  As  with  the  integrating 
wattmeter,  there  are  permanent  magnets  above  and  below 
the  rotating  disk  on  one  side  and  electro-magnets  occu- 
pying the  same  position  on  the  other  side.  The  perma- 
nent magnets  are  not  shown  in  Fig.  5.  'N^ienever  the 
torque  in  the  disk  becomes  greater  than  that  for  which 
the  relay  is  set  the  trip  coil  contacts  are  closed.  The 
coils  E  and  C  are  in  parallel  and  D  normally  opposes 
them. 

In  case  of  overload,  the  strength  of  the  coil  D  is  in- 
creased, and  this  in  turn  increases  the  torque  in  the 
disk  and  opens  the  circuit.  When  the  voltage  drops, 
the  coil  C  acts  as  a  secondary  for  D  and  sends  current 
through  the  coil  E,  this  action  again  increasing  the 
torque  in  the  disk  and  o])ening  the  circuit.  If  failure 
occurs  and  current  is  fed  back  through  the  line,  the  cur- 
rent in  A'  and  ('  will  be  reversed  and  will  comliine  with 
I)  to  produce  an  excessive  torque  in  the  disk.  The  relay 
will  act  under  all  aljnormal  conditions. 

Coxtrollers 

Controllers  for  elevators,  large  machine  tools  and  such 
apparatus  are  usually  of  simple  design,  consisting  of 
series  of  contactors,  each  of  which  not  only  [lerforms  its 
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primary  function,  but  also  controls  the  circuit  which 
energizes  the  coil  of  the  next  contactor  in  the  series. 
The  "primary  functions  of  the  contactors  are  determined 
by  the  requirements  of  the  apparatus  to  be  controlled,  as, 
for  instance,  the  cutting  out  of  resistance,  step  by  step, 
in  starting  a  motor.  The  combining  of  contactors  to 
produce  a  given  result  may  become  extremely  involved, 
but  the  relays  themselves  are  tisually  simple  plunger  or 
traction  magnets,  placed  in  series  with  the  circuit  to  be 
controlled. 

Hand-operated  relays  for  controlling  distant  appar- 
atus consist  of  controi  relaj's,  operated  by  light  currents, 
which  in  ttirn  energize  the  plunger  magnets,  or  start 
the  motors  which  move  the  switching  devices  for  power 
circuits.  It  has  been  customary  up  to  the  present  to 
provide  separate  circuits  for  the  contiol  currents. 

Eeeently.  however,  three  Englislimen,  W.  Duddell,  A. 
H.  Dvkes  and  H.  W.  Handcock,  have  succeeded  in  super- 
imposing a  control  current  on  the  main  power  lines,  thus 
enabling  them  to  control  distant  apparatus  from  a  cen- 


tral point.  The  control  current  used  is  of  high-frequon- 
cv  and  low-voltage,  and  the  effect  which  it  produces  on 
the  main  current  is  negligible. 

Fig.  6  shows  that  with  direct-current  transmission 
lines,  a  selective  relay  on  which  the  control  current  will 
act,  but  which  will  not  be  affected  by  the  power  current, 
is  a  simjjle  arrangement.  Of  course,  this  is  because 
direct  current  will  not  pass  through  the  condenser. 

With  an  alternating-current  supply,  the  problem  is  not 
so  simple.  In  Fig.  7,  K  is  also  a  condenser,  L  is  one  of 
the  relay  coils,  and  L'  another  having  the  same  number 
of  turns,  and  wound  on  top  of  L' ;  L"  is  a  choke  coil. 
The  low-frequency  current  passes  through  the  condenser 
K  and  is  given  a  lead  of  90  deg. ;  the  other  branch  of 
the  same  current  passes  through  L"  and  is  given  a  lag 
of  90  deg.  The  result  is  that  the  two  branches  cancel 
each  other  when  they  pass  through  L  and  L' ,  respec- 
tively. The  high-frequency  ripple  current  passes  the 
condenser,  but  will  not  pass  the  choke  coil,  therefore  it 
is  left  to  operate  the  relay. 


'Mn; 


SYNOPSIS — Tf  i7Z  does  not  have  a  clear  notion,  in  regard 
to  latent  heat,  total  heat,  etc.,  and  takes  advantage  of  his 
first  opportunity  to  ask  Chief  Teller  about  them. 

"Chief,  what  is  this  latent  heat  thing,  and  what  is  it 
like?  And  there's  sensible  heat,  and  B.t.u.'s  and  other 
things  in  the  steam  tables.  I  would  like  to  get  acquainted 
with  the  whole  lot." 

"Hold  on.  Will,  don't  go  so  fast.  You  can't  get  all  of 
them  in  a  job  lot." 

"Well,  then,  introduce  me  to  some  of  them,  anyway." 

"To  begin  with,  take  the  British  thermal  unit.  That  is 
its  full  name,  but  it  usually  goes  by  the  mitials  B.t.u. 

"In  order  to  measure  or  weigh  anything,  we  must  first 
have  a  standard  unit  for  that  purpose,  a  pound  or  a  foot, 
etc.  In  the  same  manner,  in  order  to  measure  heat  it  is 
necessary  to  have  a  unit  for  its  measurement.  It  is  the 
amount  of  heat  necessary  to  change  1  lb.  of  water  1  deg. 
in  temperature.  Water  is  used  as  the  means  to  establish 
this  unit  because  it  is  the  most  convenient  at  hand. 

"Water  does  not  change  1  deg.  with  the  a])plication 
of  the  same  amount  of  heat  at  all  points  from  32  to  212, 
because  water  varies  in  density  at  different  temperatures. 
For  a  long  time  a  B.t.u.  was  specified  as  tlie  amount  of 
heat  required  to  raise  1  lb.  of  water  1  deg.  at  the  tem- 
perature of  its  maximum  density  (about  40  deg.  F.). 
Later,  it  was  decided  that  the  fair  basis  woiild  be  the 
average  amount  of  heat  required  to  raise  1  lb.  of  water 
1  deg.  between  32  and  212,  so  in  the  Marks  and  Davis 
steam  tables  the  B.t.ti.  is  taken  as  ^/iso  (because  212  — 
32  =  180)  of  the  total  heat  required  to  raise  water  from 
32  to  212  deg. 

"The  sensible  heat  is  that  heat  which  is  absorbed  by 
any  substance  in  changing  from  one  temperature  to  an- 
other without  change  of  form.  Any  change  of  tempera- 
ture without  changing  the  physical  condition  of  a  sub- 
stance, either  liquid  or  solid,  is  called  sensible  heat.  Wlien 
heat  is  added  which  changes  its  physical  condition  from 
one  state  to  another  (for  instance,  changing  water  into 
steam),   the   sensible   heat  does   not   change   during  the 


process,  but  we  know  by  reason  of  the  continued  applica- 
tion of  heat  to  the  substance  that  B.t.u.  are  being  ab- 
sorbed. This  is  called  latent  heat,  because  it  does  not  ap- 
pear in  the  form  of  changed  temperature. 

"Latent  heat  is  the  heat  required  to  produce  change  of 
fonn  or  state  without  change  of  temperature. 

"Latent  heat  of  steam  is  the  heat  required  to  convert 
1  lb.  of  water  into  steam  under  the  same  conditions  of 
temperature  and  pressure. 

"Xow,  the  next  question  is,  how  many  B.t.u.  are  neces- 
sary to  convert  a  pound  of  water  into  steam  at  the  same 
temperature?  We  have  seen  that  it  requires  180  B.t.u. 
to  bring  the  water  from  32  to  212  deg.  Careful  ex- 
periments by  Eegnault,  about  1845,  and  others  later,  de- 
termined how  many  B.t.u.  were  used  up  in  the  process 
of  evaporating  a  pound  of  water  from  and  at  212  deg. 
and  it  has  been  established  that,  in  an  open  vessel  at 
about  the  sea  level  (or  under  14.7  lb.  absolute  pressure), 
970.4  B.t.u.  are  necessary. 

"The  total  heat  is  all  of  the  heat  in  the  steam  above 
32  deg.,  or  all  the  heat  that  would  be  required  to  raise 
water  from  32  deg.  to  the  boiling  point  (212  deg.),  and 
then  to  convert  it  into  steam.  It  is  the  sum  of  the 
sensible  and  latent  heat. 

"One  pound  of  steam  at  212  deg.,  and  at  atmosjjheric 
pressure,  contains  1150.4  B.t.u.  In  other  words,  the  180 
B.t.u.  sensible  heat  and  970.4  B.t.u.  latent  heat  equal 
1150.4  B.tu.  total  heat. 

"A  good  way  to  keep  these  things  in  mind  is  to  think 
of  a  certain  quantity  of  heat  put  into  water  to  bring  it 
to  the  boiling  point  (212  deg.) — which  is  sensible  heat; 
then  another  quantity  of  heat  required  to  evaporate  the 
water  into  steam  called  latent  heat  of  evaporation.  Then, 
after  all  has  been  turned  into  steam,  if  more  heat  is  ap- 
plied, the  steam  becomes  superheated  and  shows  a  higher 
temperature,  which  is  sensible  heat  again. 

"Well,  Will,  by  this  time  you  ought  to  feel  somewhat 
acquainted  with  these  members  of  the  thermal  family. 
Xext  time  we  get  together  we  will  disctiss  how  this  ther- 
mal family  is  related  to  mechanical  energy." 
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By  J.  C.  McCabe 


A  Scotch  boiler  which  failed  at  the  rear  sta_y  sheet  by 
stripping  all  the  stay-bolts,  showed  bulges  between  the 
stays  of  varying  extent  iij)  to  one-half  an  inch  in  some 
places.  It  was  quite  apparent  that  this  bulging  had  been 
progressive  and  that  the  ends  of  the  stay-bolts  had  been 
hammered  up  repeatedly  to  stoj)  leakages.  The  plate  was 
Jf  in.  thick  and  was  stayed  ■nath  li/g-in.  bolts  pitched 
7y4x7y^-m.  centers.  The  safety  valve  was  set  at  105  lb. 
The  plate  should  have  given  good  service  and  longevity 
under  that  jiressure  if  reasonable  care  had  been  taken  to 
keep  its  surfaces  clean. 

Later  several  tests  were  made  to  determine  the  holding 
strength  of  stay-bolts  in  flat  surfaces  under  nonnal  condi- 
tions and  in  plates  that  were  bulged,  the  stays  in  some 


Stay-BoU  and  Plate  No.  2 — This  test  was  made  to  de- 
termine the  comparative  strength  of  a  stay-bolt,  without 
a  head  and  in  a  buckled  plate,  with  the  same  character  of 
liolt  and  plate  in  first-class  condition,  as  in  test  Xo.  1. 

In  test  No.  2  the  stay-bolt  was  of  the  same  stock  and 
size  and  made  at  the  same  tune  as  No.  1.  The  plate  was 
from  the  same  piece  as  No.  1,  but  it  had  been  dished  about 
three-eighths  of  an  inch,  thereby  enlarging  the  stay-bolt 
hole  on  one  side.  Under  the  test  the  bolt  stripped  at  24,- 
800  lb.,  which  gave  an  equivalent  of  about  483  lb.  gage 
jjressure. 

The  failure  occurred  under  less  strain  than  the  yield 
point  of  No.  1,  which  was  564  lb.  gage,  and  the  ultimate 
strength  was  only  about  54  per  cent. 


FiCi.   1.  IIlapi-u  I'LViis  WITH   Bolts 
Headed  Up 


Fici 


BuLT  B  Had   No   Head 


Effect  on  the  T  nine  ad 
FKOM  Bulging 


cases  having  heads  and  in   others  without   them.     Fol- 
lowing are  the  conditions  and  results  obtained : 

Slay-Bolt  and  Plate  No.  1 — This  stay-bolt  was  IVs  'n- 
diameter,  with  12  threads  per  inch.  The  end,  headed 
over  in  the  customary  manner,  had  a  diameter  of  head  of 
1%  in.  and  a  depth  of  l^  in.  The  material  was  regular 
stay-bolt  stock.  The  plati!  was  ilat  and  the  bolt  fitted  in 
the  usual  manner.  Tliis  stay-l)olt  is  of  tlie  same  size  as 
used  in  the  Ijoiier  which  failed.  The  following  data  are 
explanatory : 

External  diamttHr  of  stav,   in 1  'A 

Diameter  at  bottom  thread,  in 0.9807 

Area  section  at  bottom  thread,   in 0  .  755 

Pitch   of   stay-bolts,    in 7'4 

Net  area  of  stayed   section,   sq.in 51.707 

In  the  destruction  test  this  stay-bolt  reached  the  yield 
point  at  20,100  lb.  and  failed  liy  strii)piiig  the  head 
when  the  load  '■eached  -Ui.l  10  lb.,  because  of  reduced 
diameter.  The  low-yield  point  was,  no  doubt,  due  to  the 
yield  on  the  threads.  The  pressure  equal  to  the  yield- 
point  strain  would  be  5(!t  lb.  gage,  and  the  gage  ])ressure 
to  ciiuse  ultimate  destriution,  as  shown  by  the  test,  was 

m:\  lb. 


Stay-Bolt  and  Plate  No.  3 — In  this  test  a  stay-bolt 
similar  to  Nos.  1  and  2  was  used  and  headed  over  in  the 
regulation  way.  The  threads  began  to  yield  at  20,000  lb. 
and  finally  failed  at  28,800.  This  gave  a  pressure  of  522 
lb.  at  the  point  where  the  threads  began  to  yield,  and  557 
lb.  at  the  limit. 

This  coiiijiarisoii  of  llie  three  tests  is  self-explanatory: 


Tost  No.  1 — Regular  head,  straight  plate. 
Test  No.  2 — No  head,  plate  buckled  %  in.. 
Test  No.   3 — Regular   head,   plate   buckled    = 


Ultimate 

Strength,  Lb. 

S93 

4S3 

557 


Stay-Bolt  No.  2,  Test  No.  .J— This  stay-bolt  had  about 
1,2  in.  cut  from  its  end  after  the  test  with  a  dished  plate; 
it  failed  at  24,800  lb.  It  was  then  screwed  into  a  new- 
plate  prepared  like  the  defective  boiler,  with  a  buckle  of 
%  in.  The  end  of  the  stay  was  screwed  through  and 
was  flush  with  the  plate.  On  the  testing  machine  the 
stay  stripped  at  10,200  lb.,  which  was  about  the  same 
as  a  gage  ])ressure  of  l!l(;  Hi.  The  value  of  the  stay-bolt 
iiead  is  clearly  indicated. 

For  the  pur])osc  of  determining  the  hehavioi-  of  :\  Hat 
stiiyed  surface  under  varying  conditions  of  heat  and  pres- 
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sure,  a  steel  ring  was  made  up  with  a  plate  0.44T  in. 
thick  on  one  side,  having  a  j-ield  point  of  43,846  lb.  (see 
laboratory  report),  and  a  plate  0.517  in.  thick  on  the 
other  side.    The  spacing  of  the  staj'-bolts  was  7i4x7i/4  in- 

To  determine  the  ultimate  elastic  strength  of  this  plate, 
a  hydrostatic  pressure  was  applied,  but  before  subjecting 
to  pressure  a  straight-edge  was  applied  to  the  0.447  in. 
sheet,  which  disclosed  that  it  was  flat  and  true,  except  at 
the  outside  of  the  outer  row  of  stays,  leaving  the  central 
portion  slightly  prominent. 

Under  a  pressure  of  3 TO  lb.  a  bulging  between  -^^  and 
1^  in.  was  noted,  which  disappeared  on  release  of  the 
pressure.  The  pressure  was  again  applied,  to  400  lb. 
gage,  and  on  release  a  set  of  0.03  in.  was  noted.  The 
third  time,  the  pressure  was  applied  to  455  lb.,  and  on  re- 
lease a  set  of  1/4  in.  was  found  between  tlie  stays. 

The  United  States  Bureau  of  Steam  Engineering  for- 
mula to  ascertain  the  elastic  strength  as  applied  to  this 
case  is 

43.846  X  0.4472 


(7.25  —  1.375)  ■ 


X  1^  =  372  lb. 


The  actual  bulging  pressure  was  between  3T2  and  400 
lb.,  when  a  set  of  0.03  in.  was  found. 

In  order  to  observe  the  eifect  of  heat  on  a  flat  stayed 
surface  similar  in  design  to  the  defective  boiler,  an  cir 
pressure  of  95  lb.  was  maintained  on  the  sample  and  a 
flame  was  made  to  impinge  against  the  surface.  The 
plate,  0.447  in.  thick,  took  a  set  at  1075  deg.  E.,  Fig.  1, 
and  the  0.517-in.  plate  took  a  set  at  1275  deg.  F. 

Stay-Bolt  B,  Fig.  2 — This  stay  was  used  in  the  test 
sample  of  stayed  surface  and  stripped  on  threads  at  95 
lb.  internal  pressure  at  800  deg.  The  inside  threads 
showed  that  at  the  time  of  failure  they  had  but  small 
contact.    This  stay  had  its  head  cut  off  before  the  test. 

Stay-BoU  A,  Fig.  2 — This  stay-bolt  was  used  in  the 
test  sample  and  it  stripped  under  95  lb.  internal  pres- 
sure, with  a  full  head,  when  the  plate  was  at  1275  deg. 
The  greater  bulging  can  be  seen  at  A,  Fig.  3. 

The  significance  of  this  bulging  is  that  the  limit  of 
elastic  strength  is  about  one-half  the  ultimate  strength, 
and,  at  98  lb.  or  thereabout,  the  stay  would  be  on  the 
balance  as  to  strength  of  its  threads  (conditions  con- 
sidered), and  any  disturbance  with  a  boiler  pressure  of 
95  lb.  would  tend  to  disaster. 

A  vital  factor  in  this  problem  lies  in  the  destructive 
stresses  induced  in  the  stay-bolts  by  overheating  the  stay- 
plate  and  in  the  destructive  movement  on  the  threads. 
At  times  this  plate  had  an  expansion  of  about  %  in.,  and 
the  effect  was  cumulative  from  the  bottom  toward  the 
lop.  The  sheet  is  held  to  the  shell  at  the  bottom  by  stays, 
but  is  free  to  expand  upward. 

As  soon  as  bulging  occurs  between  stays  in  a  flat  sur- 
face, a  compression  of  the  plate  on  the  outer  end  of  the 
stay-bolt  occurs,  while  the  plate  draws  away  from  the 
holt  on  the  inside.  This  greatly  reduces  the  holding 
sti-ength  of  the  stay,  so  that  often  boilers  are  found  in 
operation  that  are  at  the  point  of  failure. 

In  dealing  with  flat  surfaces  where  plates  are  huckled, 
new  stays  should  be  installed  immediately  and  care 
should  be  taken  that  they  have  a  substantial  head,  well 
formed,  or,  preferably,  the  stays  should  be  made  with  a 
tapered  thread  for  insertion  from  the  fire  side  of  the 
plate  into  a  hole  suitably  threaded  for  the  bolt.  This 
would  enable  the  boiler  maker  to  fill  the  threaded  hole 


solidly  before  heading  tlie  bolt  over.  The  present  meth- 
ods are  somewhat  lax,  owing  to  the  desire  to  speed  up  on 
construction. 

Fig.  3  shows  the  inside  of  the  pi  te  after  the  foregoing 
test.  Stay-bolt  holes  at  .4  and  B  are  for  the  same  stays 
as  in  Fig.  2.  Stay-bolt  C  shows  the  effect  of  the  bulging 
between  stays. 

Samples  of  what  was  once  an  excellent  quality  of  fire- 
box steel  disclosed  that  it  was  unsafe  for  use  in  a  boiler 
because  of  destructive  internal  strains  caused  by  forming 
up  the  plates. 

It  would  seem  that  the  time  is  at  hand  for  a  radical 
departure  in  boiler-shop  and  plate-mill  methods  and  for 
a  great  reduction  effected  in  boiler  failures.  It  is  mis- 
leading to  depend  on  increased  factors  of  safety  only 
when  the  very  methods  of  manufacture  tend  to  strain  the 
materials  far  beyond  the  clastic  limit  in  the  initial  steps 
of  the  shop  work.  In  the  case  of  a  horizontal-tubular 
boiler  made  from  y-^-m.  plate  and  rolled  up  cold  in  the 
ordinary  manner,  the  outer  surface  will  elongate  over  114 
in.,  while  the  inner  surface  will  shorten  about  the  same 
amount.  We  thus  produce  a  change  in  the  entire  plate, 
because  the  outer  half  is  under- a  tension  strain  and  the 
inner  half  is  under  a  compression  load.  Assuming  that 
the  courses  of  a  72-in.  boiler  are  uniform  in  strength 
throughout  its  circumference  and  it  is  formed  without 
the  strains  referred    to,    it    would    require  an    internal 
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pressure  of  over  600  lb.  to  induce  metal  changes  equal 
in  extent  to  that  produced  by  rolling;  the  limit  of 
strength  would  be  upward  of  800  lb.,  and  the  working 
pressure  upward  of  160  lb. 

Does  it  not  seem  peculiar  that  boiler  materials  must  l)e 
strained  to  a  destructive  point  before  even  assembling 
them.  Increasing  the  factor  of  safety  is  in  a  measure 
nullified  by  the  increased  change  in  metal  necessary  on 
account  of  rolling  thicker  plates  and  the  possibilities  due 
to  the  segregated  metaloids. 

It  is  the  writer's  opinion  that  the  thne  is  not  far  dis- 
tant when  the  rolling  mills  will  furnish  boiler  sections 
rolled  to  the  desired  diameter  and  thickness,  at  a  price 
less  than  the  present  cost  of  plate  and  shop  work. 


A  40,000-Hp.  Stenm  Turbine  has  recently  been  completed  in 
the  shops  of  Brown,  Boveri  &  Co.,  Mannheim,  for  the  Mark 
Communal  Electricity  Works  Co.,  of  Hagen.  It  is  desigrned  to 
use  steam  at  50°  C.  (662°  F.),  and  12H  atmospheres  (1S4  lb.) 
pressure,  which  means  2S7  Fahrenheit  degrees  of  superheat. 
The  speed  is  1000  r.p.m..  and  the  generator  produces  three- 
phase  current  at  11.000  volts  and  50  cycles.  The  length  of  the 
set  is  16  m.  ('52.5  ft.),  and  the  width  4.2  m.  n3.8  ft.),  the  total 
weight  being  385  tons  with  condensing  plant. 
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It  might  be  guessed  from  this  that,  to  be  an  engineer, 
one  should  be  a  graduate  of  a  technical  school.  Few 
technical  graduates  want  such  jobs  at  all ;  their  education 
leads  away  from  positions  requiring  the  restraints  that  an 
engineer  must  practice.  The  work  does  not  attract  them 
because  there  is  too  much  additional  training  ahead  be- 
fore thoy  can  get  and  hold  a  responsible  position,  in  spite 
of  the  considerable  study  of  power  and  transmission  sub- 
jects in  school.  The  work  given  is  so  universally  ap- 
proached from  its  theoretical  aspects  rather  than  from  its 
practical  ones  that  it  is  necessary  for  the  graduates  to 
begin  all  over  from  the  other  side  of  the  question.  This 
comes  about  in  turn  through  available  textbooks.  In 
any  small  college,  it  is  perfectly  possible  for  anyone  with 
a  good  general  education  and  a  textbook  to  teach  steam- 
work  at  short  notice.  If  he  is  an  operating  engineer,  he 
may  start  out  with  the  determination  that  he  will  teach 
ii:  as  it  is  and  let  the  textbooks  slide,  but  lie  soon  finds 
that  the  head  of  the  department  or  the  president  can  only 
think  in  terms  of  textbooks,  and  as  that  is  the  line  of  least 
resistance,  he  follows  it.  Probably,  if  he  persisted  in 
doing  what  he  knows  is  right,  there  would  be  a  vacancy 
the  next  year,  so  he  cannot  be  much  blamed. 

If  engineers  cannot  be  trained  in  technical  schools, 
where  should  they  be  trained?  Practice  in  one  plant  is 
not  enough  today.  There  are  no  two  plants  alike.  N"o 
one  without  a  knowledge  of  fundamental  principles  can 
shift  from  one  to  another  witliout  emljarrassment,  which 
may  mean  serious  injury  to  the  plant.  The  teaching  of 
fundamental  principles  is  an  educational  proposition.  We 
are  also  coming  to  feel  that  training  in  the  practice  of  a 
trade  is  also  a  school  job.  Since  the  technical  schools  have 
undertaken  another  part  of  the  world's  educational  work, 
it  will  be  necessary  to  establish  new  schools  if  this  work 
is  to  be  done  in  them.  This  has  already  been  attempted 
in  a  small  way.  There  are  seven  states  which  have  by 
law  made  it  possible  that  trade  schools  should  be  estab- 
lished by  cities  and  aided  by  the  states  themselves.  Mass- 
achusetts has  taken  the  lead  in  this  form  of  education  and 
the  account  of  the  work  there  being  undertaken  as  given 
by  E.  H.  Pish,  on  page  153,  will  be  found  to  present  a  ser- 
ious problem,  well  deserving  attention  and  discussion. 


IEira^iin\®eff' 

Circumstances  are  increasing  the  necessity  for  train- 
ing men  for  the  activities  of  life  at  the  expense  of  the 
Jublic.  The  changes  which  have  come  about  through  the 
ntroduction  of  the  factory  system  of  manufacture,  where 
n  operative  tends  only  one  machine,  and  where  it  is 
leither  possible  nor  profitable  for  a  shop  to  train  its  own 
ikilled  mechanics  except  by  establishing  a  school  within 
its  own  shop,  all  have  had  a  vital  bearing  on  this  ques- 
tion. 

This  particular  influence  has  no  great  bearing  on  the 
training  of  young  engineers.  A  man  in  the  power  plant 
is  valuable,  not  for  his  ability  to  do  some  one  thing  quick- 
ly and  well  but  for  his  ability  to  do  many  things  well  and 
to  think  his  way  through  troubles  before  they  reach  him. 
He  must  cross  his  bridges  before  he  comes  to  them,  even 
if  he  has  to  shatter  a  time-worn  proverb  to  do  it.  From 
this  one  fact  it  is  evident  that  the  problem  of  industrial 
education  for  the  power-plant  operator  is  difi:erent  from 
that  for  the  machinist  or  the  cabinet  maker.  A  machin- 
ist who  is  dexterous,  can  get  along  even  on  a  job  that  he 
had  never  done  before.  Although  when  properly  trained 
he  should  be  an  all-around  machinist,  the  man  who  learns 
to  do  only  one  or  two  things  well  has  a  place  in  life  and 
may  earn  a  fair  living.  A  power-plant  man  whose  abil- 
ities were  marked  along  only  one  line  would  be  hard  put 
to  it  to  find  a  job  at  all,  much  more  to  find  one  that  paid 
well.  Even  if  employers  might  risk  hiring  him,  state 
laws  step  in  and  insist  that  he  shall  have  a  fairly  good 
all-around  development.  This  is  likely  to  increase  rather 
than  diminish  as  the  complexity  of  the  work  increases. 

Twenty-five  years  ago,  a  power  plant  consisted  of  a 
boiler  r-ining  at  a  low  pressure,  an  engine  operating 
under  what  we  would  call  easy  conditions  today,  and  a 
Pair  of  pumps,  possibly  a  condenser,  and  surely  a  grav- 
ity-return exhaust  steam-heating  system.  A  boy  who  had 
firiMJ  for  a  time,  and  who  was  bright  enough  to  become  fa- 
miliar with  the  sim])le  piping  layout,  could  be  trusted 
to  keep  up  steam  and  keep  the  engine  turning  over.  For- 
tunately, there  was  never  a  machine  that  would  stand 
more  abuse  than  a  slide-valve  engine  and  still  keep  going 
if  supplied  with  enough  steam. 

Now,  that  is  all  changed.  Except  for  sawmill  engines, 
where  it  is  cbcaiier  to  burn  sawdust  under  the  boiler  than 
to  di.spose  of  it  any  other  way,  it  is  necessary  to  make 
every  pound  of  coal  produce  results.  The  engine  speed 
must  be  just  right,  particularly  if  it  is  directly  connected 
to  an  alternator  and  is  one  of  a  number  that  must  keep 
step.  The  transmission  lines,  the  lighting  lines,  the 
motors  and  tr  .nsformers,  a  vacuum-heating  system  and  a 
tiiousand  and  one  things  that  our  fathers  never  had  to 
worry  about,  are  all  present,  not  merely  in  isolated  places, 
but  in  almost  every  plant  even  of  small  size.  This  means 
that  an  engineer  now  must  ])osses8  considerable  technical 
knowledge.  Dexterity  has  sunk  to  comparatively  small 
iniiKirtance. 


Jecisnoia 

The  recent  court  decision  in  the  case  of  Perceval  vs. 
the  New  York  Edison  Co.  (see  page  153)  has  far  greater 
significance  than  its  bearing  on  the  particular  case  in- 
volved, for,  if  the  decision  stands,  it  will  invalidate  the 
clause  in  the  present  contracts  which  stipulates  that  no 
other  electric  service  shall  be  introduced  or  used  with- 
out the  consent  of  the  Edison  Co.  This  clause,  sanctioned 
by  the  Public  Service  Commission,  has  ])roved  an  ef- 
fective weapon  against  the  block  plant  and  its  elimina- 
tion would  probably  result  in  greater  use  of  this  system, 
which,  under  many  conditions,  is  admittedly  the  most 
economical  method  of  electrical  sujiplv. 
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In  the  case  at  hand,  there  were  two  adjoining  build- 
ings, one  having  a  plant  with  sufficient  excess  capacity 
to  supply  the  second  building,  thereby  raising  the  load 
factor  and  reducing  the  cost  of  generating  electricity. 
This  made  it  possible  for  the  management  to  sell  to  its 
neighbor  at  a  lower  rate  than  the  latter  could  buy  from 
the  Edison  Co.  Conditions  were  such,  however,  as  to 
make  it  desirable  to  use  this  service  during  the  day  and 
Edison  breakdown  service  at  night. 

The  Edison  Co.,  in  refusing  to  supply  the  service, 
claimed  that  the  private  plant  was  a  competitor  and  that 
ir  should  not  be  compelled  to  furnish  breakdown  service 
for  a  competitor;  this  contention  was  upheld  by  the  Pub- 
lic Service  Commission.  Had  the  case  been  advanced 
on  the  grounds  that  the  service  demanded  was  for  a  peak- 
load  period,  a  special  rate  might  have  been  justified;  in- 
stead, the  contention  was  that  the  consumer  must  take  all 
his  energy  from  the  Edison  Co.  or  go  without  it. 

In  reversing  the  opinion  of  the  Commission,  the  court 
held  that  the  clause  imder  discussion  was  an  arbitrary 
attempt  on  the  part  of  the  company  to  establish  a 
monopolv  and  was  in  no  way  a  regulation  with  respect 
to  the  service.  It  further  maintained  that  the  Edison 
Co.,  in  lieu  of  the  privileges  granted  by  the  city,  es- 
pecially the  use  of  the  public  highways,  is  bound  to  serve 
impartially  every  member  of  the  community  who  de- 
mands service,  providing,  of  course,  that  the  mains  are 
within  a  reasonable  distance  of  the  applicant's  premises. 

In  the  light  of  this  ruling,  the  private  plant  could 
hardly  be  treated  as  a  competitor  of  the  central  station, 
as  it  does  not  receive  any  special  privileges  from  the  city 
and  does  not  use  the  public  streets,  the  supplying  of  elec- 
tricity to  the  adjacent  building  being  merely  a  business 
transaction  between  two  private  individuals  on  their  own 
premises. 


Is^^ivi<dtfl^I  Sts^cRs 


All  but  our  very  new  subscribers  know  that  for  many 
years  and  until  the  first  of  this  year,  certain  of  the  read- 
ing matter  in  Power  was  grouped  in  departments,  name- 
ly. Electrical,  Gas-Power,  Heating  and  Ventilating  and 
Refrigeration.  For  greater  convenience  in  making  up  the 
paper,  and  to  enable  a  better  selection  without  the  re- 
strictions the  old  practice  imposed,  the  department  ar- 
rangement was  abandoned  at  the  beginning  of  the  last 
volume  (Vol.  39). 

The  only  serious  objection  to  the  change  was  that  it 
was  no  longer  so  easy  to  pick  out  the  matter  in  which 
one  may  be  especially  interested.  To  remove  this  fault, 
we  have  modified  the  manner  of  presenting  the  table  of 
contents  on  the  first  page  inside  of  the  cover,  and  be- 
ginning with  this  issue  the  contents  will  be  classified  not 
only  in  the  former  departments,  but  with  still  greater 
subdivision  into  such  general  heads  as  seem  appropriate. 

Instead  of  being  classified  under  "Correspondence,"  the 
letters,  although  .still  printed  all  together,  will  be  indexed 
like  any  other  short  articles.  As  before  the  more  im- 
portant articles  will  be  summarized. 

We  shall  be  glad  to  entertain  criticisms  and  suggestions 
regarding  the  new  arrangement  with  a  view  to  further  im- 
proving it.  The  readers  can  tell  better  than  we  can  what 
they  do  find  or  would  find  most  convenient. 


That  one-stack-to-a-boiler  idea  in  the  Molina  plant 
(described  on  pages  118-124)  is  a  matter  of  interest  for 
its  unusualness,  if  nothing  else.  Almost  nowhere  but  ou 
a  rolling  mill  or  steel  works  can  such  a  "forest  of  stacks," 
as  it  is  aptly  called,  be  found.  While,  similarly  as  the 
sectional  bookcase,  the  individual  chimney  may  fa- 
cilitate extensions  of  the  equipment  and  there  may  be 
other  advantages,  as  mentioned  in  the  article,  it  probably 
would  not  be  safe  to  commend  it  as  the  best  practice. 
This  plant  is  already  contemplating  the  substitution  of 
four  stacks  of  equivalent  area  when  any  further  acces- 
sions are  made  to  the  boiler  plant.  Just  as  group  drive 
proved  the  compromise  between  one  motor  to  the  shop 
and  one  motor  to  each  tool,  it  will  be  found  that  one 
stack  to  a  certain  number  of  boilers  or  about  a  certain 
boiler  horsepower  will  be  the  happy  medium  between  the 
single  monstrous  chimney  and  one  for  each  boiler. 

So  called  waste  material  is  in  reality  good  material  ia 
the  wrong  place. 

The  index  of  Power  for  the  first  half  of  1914,  Volume 
39,  is  now  ready.  Copies  will  be  sent,  without  charge, 
upon  request  in  writing. 

Ailments  of  the  power  plant  are  sometimes  dealt  with 
by  the  auto-suggestion  method  or  by  absent  treatment, 
but  the  best  results  are  usually  obtained  by  the  laying  on 
of  hands  with  the  proper  zeal  and  mental  condition. 

The  cartoon  this  week,  while  mainly  intended  to 
amuse,  typifies  feelings  many  of  us  have  had,  one  time 
or  another.  If  we  could,  we  would  throw  the  poor  coal 
back  on  the  company  that  sold  it  to  us.  Those  of  us 
who  buy  our  coal  on  specification  can  come  pretty  near 
following  out  the  example  of  the  picture,  figuratively. 

Professor  Olaf  Heggstad,  in  a  recent  lecture,  said  that 
the  rights  of  the  Rjukanfos,  which  by  next  year  will  be 
able  to  produce  more  than  250,000  horsepower,  were  sold 
in  1890  for  £55  10s.  In  making  up  the  charges  to  the 
consumer,  will  interest  and  profit  be  asked  for  on  this 
amount  or  on  a  bloated  estimate  of  the  present  value  of 
the  franchise? 

m 

A  large  number  of  inquiries  are  received  by  this  paper 
weekly,  some  of  which  are  of  a  general  nature  and  can 
be  answered  with  a  few  words  on  our  "Inquiries  of  Gen- 
eral Interest"  page.     Others  deal  with  special  and  indi- 
vidual  questions   which   would   not  interest   the   readers 
in  general ;  these  are  answered  by  mail  when  they  are  not 
too  involved,  for  we  cannot  furnish  a  consulting  engineer- 
ing   service    for    two    dollars    a    year.      There    is    still 
another  class,  whose  answers  woul4  require  more  space 
than   can  be  allowed  on  the  inquiries   page   and  would 
moreover,  admit  of  differences  of  opinion.     These  we  in- 
tend to  print  from  time  to  time  for  the  discussion  of  our  i 
readers.     It  will  often  be  impossible  to  print  all  the  an-  j 
swers,  but  in  deciding  which  shall  be  printed,  the  char-  j 
acter  of  the  discussion  and  the  date  of  its  receipt  will  I 
be  governing  considerations.  1 
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Trouble  was  experienced  in  starting  a  600-lip.,  four- 
cylinder,  fonr-stroke-cycle  gas  engine  running  on  nat- 
ural gas.  It  had  been  down  for  repairs  over  Sunday 
and  an  attempt  was  made  to  start  on  Monday  morning 
with  three  cylinders,  the  fourth,  which  was  out  of  com- 
mission, happening  to  be  one  of  the  air  cylinders,  thus 
leaving  one  air  and  two  working  cylinders  for  starting. 

After  several  unsuccessful  attempts,  it  was  thought 
that  the  trouble  was  with  the  gas.  Tlie  gas  valves  were 
reset  and  the  admission  and  exhaust  valves  examined 
and  found  all  right,  but  the  engine  still  refused  to  start. 

Finally  it  was  decided  to  put  some  heavy  cylinder  oil 
in  the  cylinders,  and  after  putting  about  one  qimrt  in 
each  cylinder  an  attempt  was  again  made  to  start,  and 
this  time  with  success,  proving  there  was  not  enough 
compression. 

E.    G.    CUEREX,   Jk, 

Kittanning,  Penn. 


The  conditions  described  here  were  actually  found  in 
practice.  At  a  ger -^rating  station  in  a  loft  building,  one 
engine  had  a  bent  crankshaft  and  a  broken  bearing.  The 
cause  was  not  hard  to  tind ;  the  engine  was  over  a  bun- 
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<ire(l    feet   from    tiu'   boiler   and   there   was    no   se])arat()r 
n  the  steam  line. 

In  another  plant  where  higli-])ressure  steam  wa.s  used 
throughout  the  building  for  industrial  purposes,  some  of 
the  tenants  (■(}mi)lained  about  the  poor  heating  service. 
Tlic  piping  was  followed  out  and  appeared  to  be  correct 
until  the  junction  of  the  return  pipes,  Fig.  1,  was 
reached.  TTcrc  the  high-pres.sure  return  pipe  line  A  was 
not  trapped,  so  that  high-pressure  steam  went  directly 
into  the  pump  receiver.  This  pressure  on  the  discharge 
side  of  the  check  valve  prevented  the  return  of  the  heat- 
ing conden.sate  and  caused  the  pump  to  knock.    ,\  trM]>, 


shown  in  dotted  lines,  placed  in  this  line  removed  the  dif- 
ticulty. 

Guests  who  were  unfortunate  enough  to  occupy  rooms 
near  the  water  line  in  a  certain  large  hotel,  never  will- 
ingly occupied  them  again.  The  water  was  pumped 
through  this  line  to  the  roof  house  tank  by  a  geared 
triplex  pump,  and  when  it  was  in  oi^eration  the  noise  was 
transmitted  along  the  entire  line.  This  was  stopped  by 
cutting  about  four  feet  of  pipe  out  of  the  line  near  the 
pump  and  substituting  a  strong  rubber  hose,  securely 
fastened  at  each  end. 

Another  interesting  case,  Fig.  2,  was  found  in  a  plant 
which  carried  95  lb.  pressui'e  at  the  boilers,  but  could  not 
get  more  than  90  lb.  on  its  industrial  steam  system.  The 
jiressure  was  taken  from  the  line  which  supplied  the  en- 
gine instead  of  from  the   boiler  direct. 

t  Albert  H.  Israel. 

Kew  York  City. 

On  opening  a  water-tube  boiler  in  which  I  have  been 
using  graphite,  I  found  in  the  front  water  leg  about  li/^ 
gal.  of  black  balls  ranging  in  size  from  a  small  marble 
to  a  walnut. 

I  have  been  using  graphite  in  the  same  boilers  and 
feeding  it  through  the  heater  in  the  same  way  for  the 
past  year,  but  this  is  the  first  time  it  has  balled  up  in 
this  fashion.  The  last  shipment,  which  has  been  used 
for  about  a  month,  may  be  of  a  grade  different  from  that 
formerly  employed.  Some  engineers  think  that  when 
a  boiler  is  once  coated  with  scale,  graphite  will  not  loosen 
it  up;  this  is  not  my  experience. 

About  a  year  ago,  the  boilers  were  coated  with  i^j-in. 
scale.  I  used  graphite  for  four  months  and  the  scale  dis- 
solved and  disappeared.  On  the  boiler  inspector's  last  trip 
he  congratulated  me  on  the  good  condition  of  the  boilers ; 
said  they  looked  like  new.  I  have  found  no  bad  effects 
from  the  use  of  graphite. 

\V.  H.  CORBIX. 

Sharpies,   W.   Va. 


It  bci'iiinc  necessary  to  babbittt  one  of  the  crosslicad 
shoes  of  a  vertical  ammonia  compressor.  Our  lathe  was 
not  big  enough  to  swing  it,  we  decided  to  babbitt  it  in 
place. 

The  crosshead  was  brought  up  nearly  to  the  top  of 
the  guides  and  carefully  centered.  The  connecting-rod 
was  disconnected  and  the  defective  shoe  taken  out.  The 
old  l)al)l)itt  was  chii)ped  out  and  the  shell  cleaned  with 
gasoline  and  ])ut  back  in  place  on  the  crosshead.  The 
adjusting  wedge  was  set  so  as  to  bring  it  as  close  as 
possible  to  the  crosshead  to  allow  (he  maximum  anK)unt 
of  metal  lietween  it  and  guide. 

The  good   shoe  was  then  brought   tightly  against  !he 
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2:iiicle  In-  placing  blocks  of  wood  against  the  piston  rod 
on  the  opposite  side  and  using  wedges  to  tighten  them. 

Pieces  of  one-inch  board  about  three  inches  wide  and 
a  little  longer  than  the  shell  were  placed  on  each  side 
and  wedged  in  place.  A  piece  was  formed  to  the  shape 
of  the  guide  and  blocked  in  place  at  the  lower  end.  The 
openings  and  joints  were  filled  with  fire  clay  and  the 
metal  poured  in  until  it  came  up  even  with  the  top  of 
of  the  shoe. 

When  it  had  cooled  the  shoe  was  taken  out,  scraped 
and  trimmed,  and  put  back  in  place  and  adjusted  to  an 
easy-running  tit.  It  has  been  running  since  then  with- 
out trouble. 

Thomas  G.   Thurston. 

Chicago.  111. 


A  curious  accident  happened  to  the  discharge  pipe  of 
a  pump  located  in  a  large,  <leep  well  to  remove  the  sur- 
face water  while  digging.  From  the  pump  to  the  top 
of  the  well,  standard  iron  pipe  was  used,  and  from  the 
well  to  a  lake,  a  distance  of  300  ft.,  at  a  slight  elevation, 
6-in.  galvanized  sheet-iron  pipe  of  Xo.  20  gage  was  Used. 
All  went  well  for  several  days  until  it  was  necessary  to 
stop  the  pump  on  account  of  trouble  in  the  water  end. 
No  provision  was  made  for  gradually  draining  the  pipe, 
so  that  when  the  pumo  head  was  removed  the  rush  of 
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The  discharge  pipe  leading  from  a  pump,  which  was 
used  to  drain  a  pit,  was  accidentally  broken  at  a  joint 
It  was  decided  that  the  best  way  to  repair  it  would  be  as 
follows,  because  the  pipe  was  of  odd  .size  and  no  speei 
fittimrs  could   be  found. 


Kepaii!  Job  Completed 


A  piece  of  pipe  A  of  slightly  larger  diameter  than 
the  one  to  be  repaired  was  cut  off  and  heated  so  it  couy 
be  flared  out  at  the  ends.  Two  plates  B  were  borefl 
cut  to  fit  over  the  smaller  pipe  and  drilled  for  the  foiu 
bolts  D.  This  rig  was  put  on  the  pipe  as  shown,  packing 
C  was  inserted  and  the  bolts  drawn  up  snug.  When 
the  water  was  turned  on,  there  was  no  leakage  and  the  jot 
was  satisfactory. 

Eakl    Pagett 

Coffeyville,   Kan. 


►r 


nEti^ 


The  illustration  slmws  the  rig  we  used  for  threading 
a  turbine  inlet  and  refitting  a  flange  broken  off  by  seven 
water-hammer  in  the  steam  line. 

The  flange  and  inlet  neck  were  cast  with  the  lower  half 
of  the  turbine.  As  there  was  no  machine  shop  available 
with  a  lathe  large  enough  to  swing  tlie  base,  we  decided 
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water  down  thic  pipe  formed  a  partial  vacuum  .n  the 
line,  which  caused  about  50  ft.  of  the  sheet-iron  pipe  to 
collapse,  so  that  it  had  the  appearance  of  having  been 
run  between  a  pair  of  rolls.  A  wooden  trough  was  sub- 
stituted and  further  trouble  was  obviated. 

John  F.  Hurst. 
T.ouisville,  Ky. 


to  do  the  job  as  shown,  and  did  not  have  to  dismantle  thi 
machine. 

A  21/^-ineh  pipe  was  used  for  a  bar.  A  toolholder  wa 
attached  to  an  ordinary  pipe  sleeve  that  worked  on 
running  thread  on  the  pipe.  The  bar  was  centered  b; 
the  setscrews  at  the  end.  The  tool  was  ground  flat  an( 
turned  with  a  wrench  on  the  sleeve,  and  the  neck  turne( 
to  size  ready  to  thread.  Then  the  tool  was  ground  j 
shape  and  a  standard  pipe  thread  cut. 
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The  same  flange  that  had  been  broken  off  was  bored 
out  and  threaded  to  fit  the  neck.  When  the  job  was 
completed  it  carried  175  pounds  steam  pressure  and  was 

entirely  satisfactorj'. 

FoRiiESY  A.  Jones. 
Minncajiolis,   Minn. 

m 

At  a  recent  meeting  of  tiie  Engineers'  Club  of  Bostoii 
reported  in  the  June  2  issue,  page  794,  reference  was 
made  by  a  speaker  to  sawtooth  straps  for  boiler  seams. 
Since  such  straps  are  not  commonly  employed  in  boiler 
designs  in  the  United  States,  an  examination  of  the  rea- 
sons for  their  use  may  be  of  interest. 

Boiler  seams  must  be  tight  to  prevent  leakage  and 
strong  to  resist  the  tendency  for  the  internal  pressure 
to  rupture  them.  Since  the  joints  are  made  tight  by 
calking  the  edge  of  one  sheet  against  another,  the  two 
sheets  must  be  held  together  rigidly  enough  to  make  the 
calking  a  success.  This  necessitates  close  spacing  of  the 
rivets,  so  that  the  plates  will  not  spring  apart  at  the 
calking  edge  when  the  calking  is  done.  The  calking 
edge  of  a  seam,  where  the  plates  do  not  fit  togethei 
properly,  is  about  as  in  Fig.  1,  the  metal  along  the  over- 
lapping edge  of  the  plate  at  A  being  upset  until  it  presses 
closely  enough  against  the  lower  plate  to  make  a  water- 
tight joint.  For  a  given  thickness  of  plate,  the  pitch  of 
rivets  B,  Fig.  1,  and  the  distance  from  the  edge  of  the 
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pliilc  ('  determine  whether  the  seam  can  be  successfully 
calked. 

The  size  of  the  rivet  heads  is  also  a  factor,  for  they 
support  the  plate  rigidly  up  to  the  edge  of  the  heads. 
These  three  factors  determine  the  practical  limit  for  the 
pitch  of  rivets  for  boiler  seams:  thickness  of  plate,  size 
of  rivets  (which  determines  the  size  of  heads),  and  the 
distance  the  rivets  are  placed  from  the  calking  edge  of 
the  plate  or  strap.  The  distance  of  the  rivet  from  the 
edge  of  the  plate  is  fixed  in  the  case  of  longitudinal 
seams  by  the  nece.ssity  for  providing  sufficient  metal  in 
front  of  the  rivets  to  prevent  them  from  pulling  out 
through  the  edge  of  the  plate  or  strap,  instead  of  shearing 
the  rivets  or  causing  the  net  section  to  break. 

This  requirement  causes  the  dimension  C,  Fig.  1,  to 
be  made  one  and  one-half  rivet  diameters.  It  should  be 
noted  that  the  sjian  B  between  the  rivets  affects  the 
stifTness  of  the  sheet  as  well  as  that  of  the  calking  edge, 
and  along  this  ])late,  it  is  just  a.s  important  in  produc- 
ing a  tight  joint  as  is  the  stiffness  of  the  calking  edge. 
For  this  rea.«on,  double  butt-stra])ped  joints  can  be  suc- 
cessfully calked  with  a  longer  pitch  between  rivets,  due 
to  the  support  given  the  plate  by  the  inner  strap  of  the 
joint. 

Many  years  ago,  when  l)utt-straj)p('d  joints  were  fir.st 
used  for  b(jiler  construction,  the  two  strajjs  placed  on 
each  side  of  the  shell  were  made  the  same  width,  and 
as  the  rivet  spacing  along  the  outer  edge  of  the  .strap 
had  to  be  close  enough  to  iwrinit  tight  calking,  joints  of 


high  efficiency  could  not  lie  obtained  with  this  design. 
In  the  United  States,  this  difficulty  was  solved  by  mak- 
ing the  inner  strap  wider  than  the  outer,  so  that  the 
calking  edge  would  come  where  the  rivets  were  spaced 
closely.  Fig.  2  shows  the  double-strapped  joint  with  the 
two  straps  the  same  width ;  it  will  be  seen  that  the  rivet 
spacing  in  the  outer  row  along  A  and  B  will  be  deter- 
mined by  the  thickness  of  the  strap  t  and  the  distance  uf 
the  rivets  from  the  edge  of  the  strap  L.  The  efficiency  of 
this  type  of  joint  exceeds  comparatively  little  that  of 
a  double-i-iveted  lap  joint,  on  account  of  the  limitation  to 
the  rivet  spacing  along  the  calking  edge.  The  modifi- 
cation of  this  joint  used   in  the  United   States  to  oscr- 
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come  the  defect  of  low  efficiency  is  shown  in  Fig.  3, 
where  the  outer  strap  is  narrower  than  the  inner,  and 
the  rivet  pitch  in  the  outer  row  has  practically  nothing 
to  do  with  the  stiffness  of  the  calking  edge  on  the  outer 
strap. 

Foreign  boiler  manufacturers  do  not  seem  to  favor  this 
style  of  joint ;  they  use  the  kind  having  the  two  straj)s 
made  the  same  width.  The  low  efficiency  has  been  prac- 
tically overcome  by  serrating  the  edges  of  the  other  strap, 
as  in  Fig.  4,  whicii  illustrates  a  quadruple  joint  of  this 
style. 

It  is  difficult  to  see  just  what  advantage  the  joint  shown 
in  Fig.  4  ha.s  over  that  in  Fig.  3.  The  claim  is  that 
the  strain  due  to  the  circumferential  pull  is  not  on  one 
side  of  the  joint,  as  is  stated  to  be  the  case  with  joints 
like  Fig.  3,  where  one  of  the  straps  is  wider  than  its 
mate.  The  outer  butt-strap  in  Fig.  4  removed  the  de- 
fect of  the  long  span  between  rivets  on  the  calking  edge 
which  existed  in  the  seams  made  like  Fig.  2  when  they 
were  designed  for  maximum  efficiency.  The  style  of 
joint  shown  in  Fig.  4  rciiuires  usually  that  the  outer 
straps  be  better  fitted  to  the  shell  than  in  either  of  the 
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other  styles  shown  to  produce  a  tight  seam  without  ex- 
cessive calking.  This  can  hardly  be  called  an  objection 
if  good  fitting  is  demanded  rather  than  excessive  calking. 
It  is  comparatively  easy  to  fit  the  outer  straps  on  joints 
shown  in  Figs.  2  and  3,  so  that  the  calking  edges  of  the 
straps  will  be  tight  against  the  shell,  but  since  the  calk- 
ing edge  of  the  strap  shown  in  Fig.  4  extends  practically 
half  way  across  its  width,  the  strap  and  the  shell  must 
fit  properly  across  this  space  unless  excessive  calking  is 
to  be  required. 

A  ditficulty  occasioned  by  the  use  of  straps  as  shown  in 
Fig.  4  is  that  the  calking  edge  cannot  be  planed,  and 
since  this  edge  must  be  machined  to  make  it  the  proper 
shape  to  permit  successful  calking  and  to  remove  the  de- 
fective nuiterial.  it  is  necessary  to  resort  to  milling  these 


were  run  anywhere  in  the  coal-storage,  thus  saving  the 
transfer  from  wheelbarrow  to  car. 

I  have  found  it  best  for  this  class  of  work  to  employ 
husky  laborers  who  can  use  large  scoops,  ,ind  to  pay  them 
by  the  ton  for  unloading.  A  good  shoveler  can  make 
excellent  wages  at  12  cents  per  ton  when  unloading  from 
tlie  ordinary  car, 

B.  W.  De^txis. 

Columbus.   Ohio. 


This  washer  for  oversuits  is  made  out  of  a  store  box. 
I  put  a  sheet  of  galvanized  iron  in  one  end  t^  make  a 


Section  A'A 
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Steam 
Pipe 


Fig.  4 


edges,  where  the  serrated  edges  have  been  formed  when 
punching  the  plate  out. 

Since  failures  have  occurred  in  joints,  where  the  straps 
were  of  both  equal  and  unequal  width,  the  American  prac- 
tice. Fig.  3,  may  be  considered  the  best  type  of  joint  for 
boiler  design.  The  style  of  joint  in  Fig.  4  is  largely 
used  by  German  designers  and  undoubtedly  originated  in 
Germany.  The  one  in  Fig.  3  was  originated  by  the  Hart- 
ford Steam  Boiler  Inspection  &  Insurance  Co. 

S.  F.  Jeter. 

Hartford.  Conn. 


Poor  management  in  handling  coal  from  cars  to  storage 
is  a  frequent  cause  of  loss.  I  have  had  occasion  to  cor- 
rect some  of  these  losses,  and  in  each  case  there  has 
been  not  only  a  financial  gain,  but  a  saving  of  time  and 
labor  in  handling  a  given  amount  of  coal. 

In  one  case,  where  facilities  had  originally  been  pro- 
vided for  using  hopper  dump  cars,  the  management  had 
permitted  the  shipping  of  coal  in  tlat-bottom  and  side 
dumping  cars  to  such  an  extent  as  to  greatly  increase 
the  cost  of  handling.  At  another  plant,  where  the  storage 
was  along  the  track,  wheelbarrows  transferred  the  coal 
50  to  TS  feet,  where  it  was  again  shoveled  into  the  small 
boiler-room  car,  from  which  it  was  fired.  By  extending 
this  small   rai  Itrack   and  installing  a  switch,  the  cars 


The  Washer  Complete 

half  circle.  Then  I  hinged  on  a  lid  and  attached  a  %- 
in.  pipe  to  be  connected  to  a  steam  hose.  I  put  in  one 
garment  at  a  time;  then  close  the  lid  and  turn  on  the 
steam  for  3  or  4  min.  This  will  turn  them  over  and  over 
and  boil  all  the  grease  out. 

Earl  W.  Cook. 
Clierrv  Tree.  Penn. 


Engines  of  the  Corliss  type  should  have  the  valve-gear 
keys  held  in  place  by  keepers  which  will  prevent  the  keys 
from  working  entirely  out  while  running.  The  keys 
giving  the  most  trouble  on  engines  of  the  older  makes 
(with  long  dashpot  rods)  are  those  on  the  steam- valve 
stems,  probably  due  to  the  vibration  of  the  dashpot. 

In  refrigerating  or  central-station  plants,  where  it  is 
inconvenient  to  shut  down  to  replace  a  key,  this  can  be 
done,  without  shutting  down,  if  the  engine  is  not  over- 
loaded, b}'  simply  shortening  up  the  dashpot  rod  until 
the  steam  hook  ceases  to  engage  the  valve  arm.  With 
this  at  rest  the  key  can  be  replaced  and  the  dashpot  rod 
lengthened  again  until  engagement  takes  place.  This 
operation  will  probably  be  attended  by  some  variation 
or  racing,  but  this  is  preferable  to  a  shutdown. 

John  F.  Hurst. 

Louisville,  Ky. 
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Coff"©  ClesiEiieir'  E^efU  ami  Fasttoim 

Soon  after  a  new  piston  was  made  for  a  high-speed 
engine,  the  latter  developed  a  slight  click  in  the  cylinder. 
The  shop  man  was  called  in  and  found  that  one  of  the 
pipe  plugs  that  stopped  the  core  holes  was  leaking. 

A  new  one  was  put  in,  but  in  a  tVw  day;?  trmilile  again 


CoKK  I'lkaxeu  Lickt  in  Nicw  Piston 

developed.  This  time  the  pipe  plug,  which  was  of  the 
countersink  kind,  had  a  considerable  opening  in  it,  so 
it  was  taken  out.  Inside  the  piston  head,  there  was  a 
chilled  cast-iron  star  which  is  used  by  foundrymen  for 
cleaning  hollow  castings.  The  constant  motion  was  caus- 
ing it  to  cut  its  way  tlirough  the  piston  head,  the  rear 
wall  being  nearly  cut  through.  I  have  known  of  several 
engines  being  wrecked  from  such  a  cause,  even  when  the 
click  was  only  slight. 

C.  E.  Ml'Gahicy. 
Baltimore.   Md. 


Opes'^tairag  C©sfts  ©if  ai.  SsiffiSilll 
Oal-IEinigaEae  Plsinafi 

The  editorial  in  the  June  3  issue  regarding  tlie  use 
of  oil  engines  is  timely,  and  the  subject  is  deserving  of 
serious  attention.  However,  it  should  not  be  assumed 
that  the  oil  engine  is  an  imtried  prime  mover,  for  in 
the  West  and  Southwest  there  are  innumerable  plants, 
both  large  and  small,  depending  upon  oil  engines  for 
power.  As  for  service,  these  engines  are  fully  as  reliable 
as  steam  engines  and  the  plant  far  less  complicated. 

Following  is  the  monthly  record  of  a  small  light  and 
water  plant  in  Te.xas,  using  a  distillate  oil  engine  driving 
a  dyiuimo  and  a  duplex  power  pump: 

OPERATING   COSTS 

EiiRine 50-hp.,  three-cyHnder  vertical 

Generator 30-kv.a.  alternator 

Pump 6x10- in.  duplex  power  pump 

Total  Itw.-hr.  durinj?  month 2920 

Total  hours  in  operation 182 

Average  kilowatts  per  hour 1(5. 15 

Water  pumped   per  month,   gallons 1.820,000 

PumpinK  head,   feet 140 

Elcrtriral    horsepower    (assuming   90%    efficiency   of 

dynamo)    4, 3.50 

« atiT    horsepower-hours    (assuming   60%    efficiency 

of   pump) 1.7S6 

Total   brake   horsepower 6.1  36 

Distillate  oil   used.  i;allons 840 

Cost  of  oil  at   4%c $37.80 

Gasoline  used    (starting  engine,  etc) 50   gal. 

Cost  of  ga.soline  at   10c $5.00 

Cost  of  lubricating  oil   (20  gal.  at  35c.) 7.00 

Cost  of  wnste    (10   lb.   at   15c.) 1.50 

Engineer's  wages  per  month 70 . 00 

Total    operating  cost 121.30 

Cost   per  l)ral<e    horsepower-hour 0.019S 

It  will  1)0  noted  that  the  engine  was  hut  little  more 
than  half  loaded.  Consequently  the  fuel  cost  per  horse- 
power-hour is  higher  than  if  running  on  a  heavier  load. 
Even  undi'i-  lln'se  conditions  the  fuel  cost  per  Iiorse- 
powcr  is  innch  lower  (hiin   in  the  same  size  steam   plant. 


As  for  leliability,  after  the  first  week,  the  engineer,  who 
had  never  operated  an  oil  engine  before,  had  absolutely 
no  trouble  either  in  starting  or  operating  the  engine. 

L.  H.  Motiitis. 
Waco,  Te.xas. 


The  proprietor  of  a  steam  laundry,  becoming  impressed 
with  the  economy  that  would  result  from  generating  his 
own  electricity  for  lighting,  purchased  a  small  second- 
hand shunt-wound  generator. 

The  engineer  who  was  engaged  to  install  the  dynamo 
recommended  a  larger  pulley  for  the  countershaft,  from 
which  the  dryamo  was  driven,  so  that  it  might  run  at  the 
required  speed.  The  owner,  however,  refused  to  make 
any  further  outlay,  saying  that  he  would  cancel  the  ar- 
rangement unless  the  machine  could  be  installed  without 
the  purchase  of  a  pulley.  After  a  conference  with  an 
electrician,  the  engineer  changed  the  field  connections 
from  series  to  parallel  so  as  to  attain  the  desired  volt- 
age at  the  slower  speed.  The  owner  was  satisfied,  but  did 
not  know  that  the  field  was  taking  over  twice  the  former 
current  for  excitation  and  that  the  electrical  energy 
wasted  would  soon  pay  for  a  pulley. 

T.  H.  Eeakdox, 

Pittsfield,  Mass, 


!''5fl(SSEa©!niS 


^ascmssatDKi 


1,  I  would  like  the  readers  to  give  two  sketches  of 
the  connections  to  furnish  the  following  voltages  from  a 
bank  of  single-pliase  transformers  on  a  2300-volt,  three- 
phase,  three-wire  primary.  The  first  sketch  should  show 
two  single-phase  transformers  in  parallel,  furnishing 
th7-ee-])hase  current  at  220  volts,  and  a  three-phase,  lid- 
volt  and  220-110  thi-ee-wire  combination.  These  trans- 
formers must  furni,sh  all  this  at  the  same  time.  The 
second  sketch  should  show  the  same  combination  with 
three  single-phase  transformers  in  inii-allel  and  in  a  bank. 

C.  D. 

2,  .\  .')0-h]).  General  Electric,  three-phase,  alternating- 
current  induction  motor  is  wound  for  110  volts;  it  is  de- 
sired to  change  to  220  volts.  What  changes  will  he  nec- 
essary in  the  windings? 

M.   F. 

3,  I  inlcnd  to  test  the  flue  gases  of  lour  lionzoiila!, 
return-tubular  boilei-s  burning  Xo,  3  buckwheat  coal  un- 
der forced  di-aft.  These  boilers  are  forced  to  carry  the 
load  while  two  other  boilers  are  being  reset.  If  I  find 
only  n  to  8  per  cent,  of  CO^  in  the  gases,  this  will  show 
excess  air.  If  I  Iheii  slow  down  the  fans  to  raise  the  ('().„ 
will  the  boilers  steam  any  better  or  as  good  as  liet'orey 
In  slowing  down  tlie  fans  to  reduce  the  excess  air,  coulil 
I  hold  the  ])re«sure  ? 

J,  M. 
I,     Believing   that    Corliss   engines   should    work    sat- 
isfactorily under  a  modei-ate  degree  of  supeili(>at,  T  should 
like  to  hear  from  readei's  who  have  had  e.\])ericnee  with 
such  cases, 

G,  U, 
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Last  Lesson's  Axswehs 

81.  The  acceleration  due  to  gravity  decreases  the  far- 
ther the  body  is  from  the  center  of  the  earth ;  that  is,  the 
acceleration  "of  a  body  at  the  top  of  a  mountain  would 
be  less  than  at  the  sea  level. 

82.  Since  the  body  is  falling  with  an  acceleration  of 
3•^.16  ft.  per  sec.  per  sec,  the  velocity  at  the  end  of  4 
sec.  will  be 

4    X    32.16    =    128.6  ft.   per  sec. 
The  average   velocity  during  the  entire  4  see.  was  the 
sum  of  the  initial  and  final  velocities  divided  by  2,  or 


0  +  128.6 


=  64.3  /■/.  per  .sec. 


Therefore  the  bodv  must  have  fallen 

4"x   64.3   =  257.2  //., 
which  distance  equals  the  height  of  the  s-tack  . 

83.     The   time    that   will    elapse    before    the    velocity 
of  the  body  becomes  zero  may  be  found  from  equation 

(44),  where  T^  =    ^.    In  this  case  U  =  84.  ft.  per  sec. 

and  g  =  32.16,  hence 


T    =  — 


84 


2.6  sec. 


32 .  16 

84.  The  vertical  distance  through  which  an  object 
falls,  due  to  gravity,  is  given  by  equation  (42),  where 
Z7  =  %  gTi'.  If  the  time  is  2  sec,  the  distance  H  will 
equal 

Yz  X  32.16  X  2'  =  64.32  ft. 
In  problem  82  the  height  of  the  stack  was  found  to  be 
■^.57.2  ft.,  hence  at  the  end  of  the  second  second  the  ob- 
ject was 

357.2  _  64.32   =   192.9  ft. 
from  the  ground.  This  shows  that  the  object  in  the  first 
two  seconds   (one-half  the  total  time  of  flight)    falls  a 
distance  of  onlv  Va  the  height  of  the  stack. 

85.  From  equation  (43)  V^  =  2  gH.  The  velocity 
of  the  water  emerging  from  the  base  of  the  standpipe 
will  then  equal  the  V  2  gH,  or 

V  2  X  32.16  X  50  =  56.7  //.  per  sec. 
Falling  Bodies  (Continued) 
The  statement  made  at  the  close  of  the  last  lesson  may 
be  proved  by  substituting  the  proper  values  of  a  and  -S^  in 
equation  (38).  If  a  body  is  projected  vertically  upward, 
and  then  falls  back  to  its  starting  point,  evidently  the 
net  space  passed  over  is  zero  and  hence  the  value  of  S 
in  equation  (38)  becomes  zero.  Therefore,  when  5  =  0 
and  a  =  g,  there  results 

S   =    UT  —  1/2   ar- 


and 


0  =  UT  —  1/2  9T'' 
UT  =  1/2  </T' 


-'■-(^^Q 


where  T  represents  the  whole  time  of  flight. 

In  the  example  just  solved,  it  was  shown  that  the  time 

of  fall  T,  was  eciual  to    -.     Therefore,  the  time  of  rise 

must  equal  the  whole  time  of  flight  T  minus  the  time- 
of  fall  7\ 

:  r  _  r\  _  u 

which  is  the  same  as  the  time  of  fall.  Likewise  the  ve- 
locity at  the  end  of  the  fall  will  be  given  by  the  equa- 
tion U  =  gT^,  which  is  the  same  as  the  initial  velocity 
of  the  body.  Hence  a  body  projected  vertically  upward 
will  require  the  same  time  to  fall  as  it  did  to  rise;  and 
unll  reach  the  ground  with  the  same  velocity  as  that  with 
which  it  was  projected  upward. 

The  equations  for  falling  bodies  may  then  be  sum- 
marized as  follows : 

V  =  gT,  (41) 

H  =  1/2  gT,'  (42) 

V  =  2  gH  (43) 

T,  =  I  (44) 

where  T^  is  the  time  of  rise  or  fall  in  seconds;  E  is 
The  vertical  distance  (in  feet)  the  body  has  fallen;  V 
is  the  velocity  at  the  end  of  the  fall,  expressed  in  feet 
per  second ;  and  U  is  the  velocity  in  feet  per  second  with 
which  the  body  was  projected  upward. 

Laws  of  Motion 

Thus  far  the  motion  of  a  body  has  been  discussed 
v;ithout  any  reference  being  made  to  the  forces  produc- 
ing the  motion.  For  a  clear  understanding  of  the  three 
laws  of  motion,  as  stated  by  Sir  Isaac  Newton,  it  will  be 
necessary  to  defme  certain  terms  which  are  involved  in 
these  laws. 

The  >nass  of  a  body  is  the  amount  of  material  in  the 
body.  A  cubic  foot  of  iron  and  a  cubic  foot  of  wood  oc- 
cupy the  same  space,  but  experience  teaches  that  the 
iron  requires  more  force  to  put  in  in  motion  than  does 
the  wood,  or  if  equal  forces  are  applied  to  the  two  bod- 
ies the  iron  will  move  with  a  less  acceleration  than 
the  wood. 

The  property  of  matter  whereby  force  is  required  to 
change  the  state  of  rest  or  uniform  motion  of  a  body  is 
called  the  inertia  of  the  body.  This  property  of  mat- 
ter accounts  for  the  fact  that  it  requires  much  more 
force  to  start,  or  put  a  body  in  motion  than  it  does  to 
keep  the  body  moving  at  a  uniform  rate.  A  fireman 
in  the  boiler  room  finds  it  much  harder  tc  start  a  coal 
truck  in  motion  than  he  does  to  keep  it  moving  across 
the  boiler-room  floor. 

The  density  of  a  body  is  the  mass  of  a  unit  volume  of 
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the  body.  The  British  unit  of  mass  is  called  the  Imperial 
pound,  and  consists  of  a  hini])  of  platinum  deposited  iu 
the  Exchequer  office. 

Let 

M  =  The  mass  of  the  body ; 
T'  =  The   volume ; 
and 

d  =  The  density ; 
then, 

M  =  r  X  d  (45) 

or  the  mass  of  a  body  is  etjual  to  its  density  times  its 
volume.  The  density  of  a  body  depends  upon  the  relative 
closeness  of  the  molecules  of  the  body. 

Momentum  is  the  amount  of  motion  iu  a  body  and  is 
measured  by  the  product  of  the  mass  times  the  velocity  of 
the  body.  As  defined  in  an  earlier  lesson,  force  is  that 
which  changes  or  tends  to  change  the  state  of  rest  or 
motion  of  a  body.  Hence  the  true  measure  of  a  force  is 
the  amount  of  motion  destroyed  or  generated  by  the  force 
in  a  given  unit  of  time.  Let  m  =  the  momentum  of  a 
body  and  V  its  velocity,  then  by  detiuition, 

m  =  M  X   V  {4G) 

Law  I. — Every  body  continues  in  its  state  of  rest  or  of 
uniform  motion  in  a  straight  line,  except  in  so  far  as  it 
is  compelled  by  imposed  forces  to  change  that  state. 

This  law  is  proved  by  common  observation.  Thus  the 
piston  of  an  engine  would  continue  in  motion  if  it  were 
not  for  external  forces  which  are  brought  to  bear  upon 
it.  A  bullet  shot  from  a  gun  would  move  in  a  straight 
line  with  a  constant  velocity  if  it  were  not  for  gravity 
exerting  a  downward  pull  upon  it  and  the  air  offering  a 
resistance  to  the  motion  of  the  bullet.  This  law  shows 
the  effect  of  the  inertia  of  a  body,  for,  to  change  the  mo- 
tion of  a  body,  its  inertia  must  be  overcome  and  this  can 
be  done  only  by  the  application  of  forces  external  to  the 
body  it.self. 

Law  II — Change  of  motion  is  irroportional  to  the  im- 
pressed force  and  tal-es  place  in  the  line  of  action  uf  the 
force. 

As  previously  stated,  the  momentum  is  the  quantity 
of  motion  in  a  body  and  therefore  any  force  wliich  pro- 
duces a  change  of  motion  must  be  proportional  to  the  mo- 
mentum of  the  body.  If  tlie  mass  remains  constant,  the 
change  in  momentum  will  be  dependent  upon  the  change 
in  velocity  which,  by  definition,  is  the  acceleration. 

Let 

Z'"  =  The   effective  force    producing   motion; 
.V  =  The  mass  of  the  body; 
and 

a  =  The  acceleration. 
Tiicn  the  effective  moving  force  (F)  will  ci|ual  the  jirod- 
iict  of  the  mas.s  (M)  times  the  acceleration  (a)  if  the 
unit  of  force  i.s  taken  as  that  force  which  will  give  to  a 
unit  mass  in  one  second  an  acceleration  of  one  foot  jier 
second  ])er  second.  'I'liis  unit  of  force  is  called  llic 
poundal.     Hence, 

F  =  M  X  a  (17) 

The  poundal  is  called  the  absolute  unit  of  force  because 
its  value  is  not  dependent  upon  the  force  of  gravity, 
which  changes  with  th(!  location  of  a  body  relative  to 
the  center  of  the  earth. 

The  weight  of  a  mass  of  (.mv  pound  is  the  force  with 
which  gravity  draws  the  given  mass  toward  the  earth; 
hence,  from  equation  (47),  the  weight  of  one  pound  is 
equivalent  to  32.1(1  |)oundals  of  force,  since  gravity  pro- 


duces an  acceleration  of  33.16  ft.   per  sec.  per  sec,  or 
expressed  as  an  equation, 

W  =  M  X  g  (48) 

If  the  unit  of  force  be  taken  as  the  weight  of  one 
pound,  it  will  equal  32.16  poundals,  or  the  poundal  is 
equal  to  about  i/^  oz.  avoirdupois.  It  is  well  to  note 
that  while  the  mass  of  a  body  remains  constant,  the 
weight  of  the  body  will  vary  depending  upon  the  lo- 
cation of  the  body,  for  it  has  been  shown  that  the 
value  of  g  varies.  When  the  weight  of  one  pound  is  used 
as  the  unit  of  force,  it  is  called  the  gravitation,  unit  of 
force,  since  its  value  depends  upon  the  value  of  g. 

Therefore  in  equation  (47)  the  forces  F  may  be  ex- 
pressed in  pounds  instead  of  poundals,  if  the  value  of  M 
as  given  by  equation   (48)   be  substituted,  thus, 


F  =  -a 
9 


(49) 


M'here 

F  ^=  The  effective  moving  force  in  pounds; 
ir  =  The  whole  mass  moved  in  pounds; 
and 

fl  =  The  acceleration  in  feet  per  second  per  second. 
Law  III — To  every  action   there   is  an  opposite  and 
equal  reaction.    This  law  was  discussed  under  Lesson  I, 
to  which  the  student  is  referred. 

Study  Questions 

86.  Due  to  the  force  of  an  explosion,  a  piece  of  boiler 
plate  was  projected  vertically  upward  with  a  velocity  of 
100  ft.  per  sec.  How  far  was  the  plate  from  the  ground 
at  the  end  of  the  second  second? 

87.  What  is  the  density  of  water;  of  coal?  Explain 
the  difference  between  density  and  specific  gravity. 

88.  What  force  in  poundals  will  produce  an  accelera- 
tion of  4  ft.  per  sec.  per  sec.  on  a  mass  of  100  lb.  (neg- 
lect friction)  ? 

89.  An  electric  crane  raises  a  flywheel  weighing  10 
tons  with  an  acceleration  of  II/4  ft.  per  sec.  per  sec.  What 
is  the  tension  in  the  hoisting  cable? 

90.  If  the  wheel  is  brought  to  rest  with  a  retardation 
of  2  ft.  per  sec.  per  see.,  find  the  tension  in  the  cal)le 
while  the  wheel  is  coming  to  rest. 


sal 
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A  (•"nibination  shaking  and  dumping  grate,  designed 
for  burning  fuel  either  mechanically  fed  or  hand  fired, 
is  illustrated  herewith.  The  grate  surface  is  made  up 
of  one,  two  or  more  sections  reaching  across  the  width 
of  the  furnace.  Each  section  is  independent  of  the  other, 
but  all  work  in  unison  when  the  stoker  is  in  opera- 
tion. 

The  sections  are  secured  to  a  shaft  which  oscillates  iu 
side-bearing  l)eanis;  the  tops  are  flat,  so  that  when  the 
grates  are  as  shown  at  A,  the  total  grate  area  presents  an 
even  surface.  The  sections  are  fan-shaped,  with  the  in- 
side end  so  curved  as  to  bring  the  end  B  close  to  the 
small  end  of  the  next  section,  no  matter  what  the  posi- 
tion of  the  section  except  when  dumping,  as  shown  at  C. 
At  D,  the  grate  is  shown  with  the  sections  at  their  ex- 
treme forward  j)osition. 

Movement  of  this  grate,  which  is  made  bv  the  Vasil 
Fuel    &   Steam    System    Co.,    MO    Hroadwav     New   York 
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CitT.  is  obtained  from  a  shaft  nimiing  across  the  front 
enci  of  the  furnace  under  the  dead  plate;  tliis  shaft  is 
fitted  with  clutch  gears  made  with  a  blank  section.  Each 
gear  engages  witli  a  short  rack,  which  operates  a  carrier 
arm  connecting  with  an  arm  extending  down  from  each 
grate  section.  As  the  gear  revolves  in  the  direction  of 
the  bridge-wall,  the  rack  is  moved  toward  the  front 
of  the  furnace,  which  rotates  the  grate  to  the  position 
shown  at  D,  until  the  blank  section  comes  opposite  the 
rack,  when  the  grates  will  fall  back  to  a  level  position  A. 
This  movement  breaks  up  the  fuel  and  at  the  same  time 
moves  it  toward  the  rear  end  of  the  furnace.  When  de- 
sired, the  clutch  gears  can  he  thrown  out  of  mesh  with 
the  rack,  and  the  grates  operated  by  hand  to  increase 
the  stoking  action  or  to  dump  the  ash  and  clinkers  into 
the  ashpit  by  manipulating  levers  on  the  front  of  the 
furnace. 

At  the  rear  end  of  the  grates  is  a  dumping  plate  E. 
which  remains  stationary  while  the  stoker  is  in  operation; 
it  is  operated  by  a  hand  lever  from  the  front  of  the 
furnace  when  it  is  desired  to  dump  the  ashes. 


Details  of  Tasil  Shaking  and  Dumping  Grate 

Fuel  is  deposited  in  the  hopper,  which  is  attached  to 
the  furnace  door  and  can  be  swung  out  of  the  way  to  per- 
mit of  hand  firing  if  necessary,  and  for  working  the  fires. 
Forced  draft  is  supplied  by  a  turbine  blower  through  an 
air  duet  F,  which  discharges  into  the  ashpit.  The  tur- 
l)ine  is  under  the  control  of  a  damper  regulator;  there  is 
also  a  hand  control  for  the  uptake  damper. 


This  dence  measures  the  air  used  in  pneumatic  tools. 
Eeferring  to  the  illustration,  the  inlet  .4  admits  air  to 
the  screen  chamber  B.  The  air  then  passes  into  the 
meter  through  the  passage  C  and,  impinging  against  the 
vane  D,  causes  the  drum  to  revolve.  As  the  vane  D 
passes  the  point  of  cutoff  at  F,  a  fixed  volume  of  air  is 


contained  between  the  vanes  7^  and  E.  As  soon  as  E 
reaches  the  outlet  the  pressure  in  the  socket  H  is  dis- 
charged into  the  pipe  line.  The  meter  is  sealed  at  the 
top  by  the  shoe  M. 

The  meter  is  calibrated  to  the  volumetric  displacement, 
and  for  noncompressible  fluids  the  readings  are  taken 
from  the  register  itself.  In  gaseous  fluids  the  volume  of 
the  atmospheric  pressure  is  directlj'  proportional  to  the 
pressure  in  the  atmospheres  at  which  the  fluid  is  meas- 
ured. 

M 


Section'  through  Volumktku    Aiit  Metei! 

The  energy-  required  to  operate  the  meter,  which  is 
manufactured  by  the  Kreutzberg  Meter  Co.,  1112  City 
Hall  Building,  Chicago,  111.,  is  a  fraction  of  an  ounce, 
and  the  pressure  on  both  sides  of  the  vanes  differ  only 
by  the  amount  of  pressure  required  to  operate  the  meter. 

As  the  meter  is  made  of  bronze,  corrosion  is  elimin- 
ated. It  is  adapted  to  measure  steam  and  gas  as  well  as 
air. 


A  departure  from  the  usual  desigus  of  steam  trap  is 
the  inverted  submerged-bucket  type  made  by  the  Arm- 
strong Machine  Works,  Three  Rivers,  Mich. 

As  sho\vn  in  the  sectional  view,  the  inlet  is  at  the  cen- 
ter of  the  bottom,  immediately  underneath  an  inverted 
bucket.  Xormally,  the  weight  of  the  bucket  causes  it  to 
rest  on  the  bottom  of  the  trap,  holding  the  valve  wide 
open.  Small  feet 
on  the  bucket  raise 
it  so  that  condensa- 
tion can  flow  un- 
derneath into  the 
trap  body.  The  wa- 
ter fills  the  body  and 
the  bucket,  the  air 
in  the  latter  escap- 
ing through  a  small 
vent  into  the  top  of 
the  trap  body  and 
out  through  the 
outlet  provided.  The 
trap  is  therefore 
filled  with  water, 
and  as  long  as  it 
continues  to  enter, 
the  bucket  will  re- 
main on  the  bottom 
and  hold  the  dis- 
charge   vahe    open. 


Sectional  \'u:\\  of 
Steam  Trap 
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When  steam  enters  the  trap,  it  rises  to  tlie  top  of  the 
bucket,  displacing  the  water  and  increasing  the  buoyancy 
tintil  the  bucliet  rises  and,  through  the  system  of  levers 
shown,  closes  the  valve.  A  little  steam  will  naturally  pass 
through  the  air  vent,  but  as  the  pressure  forcing  it 
tlirougli  is  only  1  to  3  oz.  per  sq.in.,  the  quantity  will  be 
so  small  that  it  will  be  readily  condensed  and  there  will 
be  no  accumulation  in  the  top  of  the  trap.  The  full 
travel  of  the  bucket  is  about  1  in.  Due  to  the  powerful 
system  of  levers,  the  outlet  valve  can  be  large  and  the 
capacity  of  the  trap  great  for  its  size. 

One  of  the  strong  points  claimed  for  it  is  that  air  bind- 
ing cannot  occur.  The  valve  diameter  is  varied  from  i/g 
to  f^  in.,  with  capacities  ranging  from  230  lb.  per  hr. 
for  the  smallest  size  and  1  lb.  pressure  to  15, GOO  lb.  for 
the  largest  valve  and  200  lb.  pressure. 


For  operating  hydraulic  machinery  in  steel  mills  and 
manufacturing  plants  there  has  been  placed  on  the  mar- 
ket the  Schnicke  hydraulic  oj.ierating  valve.  It  has  a  hori- 
zontal valve  chamber  A,  which  is  provid^>d  with  pressure 


valve  chamber.  Between  the  seat  and  the  stem  a  hard 
bronze  ball  B  is  employed,  which  changes  its  position  at 
each  operation  of  the  cam.  The  upper  end  of  the  stem 
is  threaded  into  a  bearing,  w4iich  travels  through  a  web 
in  the  yoke  castings;  the  lower  part  of  the  stem  is 
held  in  position  by  the  stuffing-box,  gland  and  bushing. 
The  cams  are  oppositely  mounted  on  the  shafts  and  are 
so  arranged  that  when  moving  the  hand  lever  in  one 
direction  the  pressure  port  is  closed  l)efore  the  wastc> 
port  opens,  and  vice  versa. 

By  applying  power  to  the  hand  lever,  the  upper  ends  of 
the  rocker-arms  are  forced  in  one  direction  or  the  other, 
thereby  rotating  the  shafts  on  which  the  cams  are 
mounted.  When  the  lever  is  thrown  in  the  direction  to 
allow  the  pressure  valve  to  open,  the  fluid  pressure  raises 
the  ball  from  its  seat  and  passes  to  the  machine.  While 
the  pressure  port  is  open,  the  waste  port  remains  closed 
until  the  pressure  on  the  machine  is  to  be  released.  By 
moving  the  lever  in  the  opposite  direction,  the  pressure 
port  is  closed  and  the  waste  port  allowed  to  open,  thereby 
releasing  the  pressure  on  the  machine.  As  each  stem 
has  a  square  and  threaded  end,  the  operator  can  adjust 
either  valve  from  the  outside  without  shutting  off  the 
line  pressure  or  the  connecting  \alve. 
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and  waste  ports,  stuffing-boxes,  l)usliing  and  seat  rings. 
A  yoke  Y  is  bolted  to  the  toj)  of  tlie  valve  chamber 
and  forms  the  bearings  for  the  end  of  the  camshafts  iS'. 
The  cams  ('  and  rocker-arms  R  are  keyed  to  the  shafts, 
which  are  rotated  by  connecting  the  ujjper  ends  of  the 
rocker-arm.s  to  the  hand  lever  //. 

As  shown  in  the  illustration  of  a  four-way  valve,  seat 
rings  are  screwed  into  the  pressure  niid  wic-te  porls  of  the 


Tiic  outside  adjustment  feature  enables  the  operator, 
from  time  to  time,  to  take  up  the  wear  on  the  seats,  there- 
by jm'venting  leakage  and  maintaining  the  pressure  in 
the  line. 

This  valve  is  manufactured  by  the  Schutte  &  Koertiny; 
Co.,  Twelfth  and  Thompson  Sts..  I'hiladel])hia,  which 
is  also  putting  out  a  three-way  valve  of  similar  de- 
sign. 
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By  L.  Ji.  \y.  Allisox 


■Witli  the  increasing  growth  of  public-utility  enter- 
prises and  the  jurisdiction  exercised  over  various  classes 
of  such  properties  by  state  and  city  commissions,  there 
have  come  into  everyday  engineering  practice  words  and 
terms  that  have  an  important  bearing  in  the  engineer's 
work.  A  correct  knowledge  of  the  meaning  of  such  recog- 
nized terms  is  a  fundamental  feature  of  engineering  edu- 
cation, whether  one  is  connected  with  a  central  station 
or  an  isolated  plant. 

These  terms  are  a  part  of  engineering  literature,  and 
passing  them  by  is  neglecting  an  opportunity  for  that 
broader  knowledge  which  leads  to  advancement.  The 
progressive  engineer  shoidd  and  must  know  their  mean- 
ing and  significance;  he  must  know  how  and  when  to 
apply  them  in  his  daily  contact  and  dealings,  and  when 
called  upon  to  express  opinions  at  board  meetings  and 
the  like,  he  must  know  the  correct  way  to  employ  them. 

Public-utility  terms,  in  the  broader  sense,  deal  not 
only  with  operation  but  with  construction,  financial,  ac- 
counting and  cost  factors,  all  of  which  interlock  as  a  part 
of  the  engineer's  province.  The  accompanying  glossary 
summarizes  such  terms  in  current  use,  and  is  a  concise 
reference  work. 

ACCESSORY  ELECTRIC  EQUIPMENT;  Busbars,  station 
cables,  regulators,  station  switchboards  and  such  appa- 
ratus as  ammeters,  voltmeters,  wattmeters,  switches,  cir- 
cuit breakers,  with  foundations  and  settings,  and  sta- 
tion terminal  board,  special  high-tension  transmission 
equipment;  pump  and  air-compressor  motors,  and  head- 
gate  motors. 

ACCESSORY  GAS  WORKS  EQUIPMENT:  Exhausters,  sta- 
tion meters,  governors:  retort  charging  apparatus;  tar 
and  ammonia  apparatus,  pumps,  pipes,  tanVcs  and  con- 
veying equipment  for  the  disposal  of  coke  and  other 
products. 

ACCRUED  AMORTIZATION  OP  CAPITAL,:  Depreciation  of 
value  of  plant  and  equipment;  any  other  amortization  of 
fixed  capital. 

AMORTIZATION:  Gradual  extinction  of  a  charge  or  charges; 
clearing  off  expiring  value.  Applied  to  both  tangible  and 
intangible  property  in  a  comprehensive  sense  of  depre- 
ciation in  value. 

APPROPRIATION  ACCOL^NTS:  A  group  of  accounts  which 
show  for  any  fiscal  period  the  changes  in  the  corporate 
surplus  of  a  company.  Such  accounts  are  usually  closed 
into  a  general  corporate  surplus  or  deficit  account  at  the 
close  of  a  respective  period. 

CAPITAL:  All  property  devoted  to  the  production  of  a  com- 
pany's commodities,  and  the  rendering  of  service  in  con- 
nection   therewith. 

CAPITAL,  DEPARTMENTAL:  A  division  of  fixed  capital,  be- 
ing all  capital  given  over  solely  or  primarily  to  a  single 
and  particular  class  of  operations. 

CAPITAL,  FIXED:  Such  capital  as  has  a  life  or  expectation 
of  life   in   service   of   periods   of   more   than   one   year. 

CAPITAL,  FLOATING:  A  term  given  to  all  capital  other 
than   fixed   capital. 

CAPITAL,  GENERj^L:  A  division  of  fixed  capital,  being 
such  capital  as  is  available  for  the  uses  of  any  two  or 
more  classes  of  operations. 

CAPITAL,  INTANGIBLE:  A  division  of  non-landed  capital, 
being  that  capital  which  comprises  organization,  patent- 
rights,   franchises,   etc. 

CAPITAL,  LANDED:  A  division  of  fixed  capital,  being  that 
which  comprises  all  interests  in  land  for  terms  of  more 
than  one  year.  Any  improvements  to  the  land  are  usually 
excluded. 

CAPITAL,  NONLANDED:  A  term  given  to  all  fixed  capital 
other  than  landed. 

CAPITAL,  TANGIBLE:  A  division  of  nonlanded  capital,  be- 
ing that  which  comprises  structures  and  equipment  hav- 


ing a  life  or  expectation  of  life  in  service  of  periods  of 
more    than    one    year. 

CONSUMER  DEPOSITS:  All  cash  deposited  with  a  company 
by  consumers  as  security  for  the  payment  of  electric,  gas 
or   water   bills. 

CONTROLLED  CORPORATIONS:  Public  utility  companies 
which  are  controlled  through  financial  interest  by  an- 
other public  utility  or  holding  company. 

CO0RDIN.\TE  DEPARTMENTS:  Allied  interests  of  a  com- 
pany which  are  devoted  to  subsidiary  operations  from  its 
main  source  of  revenue.  Such  as  an  electric  railway  com- 
pany which  engages  in  rendering  service  in  electric 
light,  power,  gas,  etc. 

COST:  When  used  in  connection  with  operating  expenses, 
being  the  cash  or  money  cost,  and  distinct  from  prices 
based  on  a  term  of  credit. 

DEBENTURE:  Any  portion  of  funded  debt  which  is  sup- 
ported only  on  the  general  credit  of  a  company,  and  is 
not  secured  by  lien,  mortgage  or  otherwise;  such  as  an 
unsecured  promissory  note,  etc. 

DEBT:  Absolute  obligations  to  pay  money  at  a  specific  time 
or  times,  or  at  periods  subject  to  definite  demand  of  a 
creditor.  Contingent  obligations,  as  rent,  etc.,  are  usu- 
ally  excluded. 

DEBT.  FUNDED:  All  debt  of  a  nature  which  does  not  mature 
until  more  than  one  year  from  tlie  time  of  its  Inception. 

DEBT.  UNFUNDED:  All  debt  of  a  nature  which  matures 
within  one  year  or  less  from  the  time  of  its  inception. 

DEPOSITS.  SPECIAL:  Money  and  bank  credits  in  the  hands 
of  agents  or  other  representatives  of  a  company  to  de- 
fray payments  of  coupons,  dividends,  or  other  special 
purposes.  Funds  available  for  general  purposes,  such  as 
credits  at  banks  sultject  to  check,  etc.,  are  excluded. 

DISTRIBUTION  SYSTEM  (ELECTRIC):  Overhead  or  under- 
ground distribution  system,  or  both,  including  distribu- 
tion main  conductors  and  feeders;  all  wires,  cables,  in- 
sulators   and    insulating    material    and    apparatus. 

DISTRIBUTION  MAINS  AND  ACCESSORIES  (WATER):  All 
land  and  right-of-way  of  pipe  lines  for  distribution  of 
water  to  customers;  special  castings,  gate  valves  and 
boxes,  regulating  valves,  air  chambers,  blow-off  cocks, 
flush   plugs    and   other   special   equipment. 

ELECTRIC  OPERATIONS:  Operation  of  a  plant  for  the  pro- 
duction of  electric  energy,  transmission  of  such,  and  the 
distribution  to  consumers  for  light,  heat  or  power  service, 
and  all  incidental  operations  thereto. 

GAS  OPERATIONS:  Operation  of  a  plant  for  the  production 
of  gas.  natural  or  manufactured,  transmission  of  such, 
and  the  distriljution  to  consumers  for  light,  heat  or  power 
service,    and    all    incidental    operations    thereto. 

GENERAL  AMORTIZATION:  Accrued  obsolescence,  wear, 
tear  and  depreciation  in  the  respective  period  in  the 
tangible  capital  of  a  company;  such  portion  of  the  life 
of  the  intangible  fixed  capital  as  has  been  consumed  or 
may  have  e.xpired  in  the  respective  period;  and  any  loss 
of  property  through  extraordinary  casualties  in  the  com- 
puted period. 

GENER.^L  EQUIPMENT;  When  used  in  distinction  from 
general  utility  operations,  infers  general  shop  equipment, 
general  store  equipment,  general  office  equipment,  and 
general   stable    equipment. 

GENER.\L  STRUCTURES:  When  used  in  distinction  from 
general  utility  operations,  infers  all  buildings  and  other 
structures  of  a  permanent  character  used  for  general 
purposes,  such  as  office  buildings,  shops,  storehouses,  etc., 
and  all  fixtures  permanently  installed. 

GOING  CONCERN:  A  term  applied  to  a  company  when  it 
becomes  actively  engaged  in  its  particular  utility  opera- 
tions, following  its  preliminary  work  incidental  to  such 
operations. 

GOING-CONCERN  VALUE:  The  value  which  a  property 
possesses,  inclusive  of  its  business  organization,  manage- 
ment and  profital)le  operation,  such  value  being  above  its 
physical  and  other  intangiljle  values. 

INCOME  DEDUCTIONS:  Deductions  to  which  a  company's 
gross  income  is  usually  subject:  these  are  usually  com- 
pulsory and  for  the  most  part  contractural,  such  as  in- 
terest accrued  on  funded  debt,  sinking  fund  accruals, 
rent  deductions,   etc. 
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INDICANT    ACCOUNTS:       A    sroup    of     accounts     comprising 
asset,    liability   and   fixed   capital  accounts;   also   Icnown  as 
the    "Balance    Sheet." 
INVESTIWBNTS,    BOUND:      Investments   which    are   subject   to 

a  lien  or  claim  of  some  character. 
INVESTMENTS,    FREE:      Investments    which    are    frif    of    all 
liens  or  claims. 

JOINT  ELECTRIC  RENT  REVENUE:  The  profit  derived  by 
a  company,  over  and  above  any  allowance  for  wear,  tear 
and  depreciation,  in  operating  a  plant  for  the  production 
of  power  for  the  benefit  of  another  company  or  com- 
panies,  under  an  arragement  for  the  division  of  expenses. 

JOINT  FACILITY  RENTS:  The  operation  of  a  plant,  or  any 
equipment,  for  the  benefit  of  two  or  more  companies 
under  a  joint  arrangement  for  the  apportionment  of  ex- 
penses on  a  basis  of  the  relative  amount  of  respective 
benefit. 

LABOR:     When   used   in  connection  with   operating  expenses, 

being    distinctly   human   services   of  whatever    character. 
MESNE   ASSIGNMENT:      The   assigning   of   property,    particu- 
larly of  the  nature  of  a  franchise,  by  a  company-  to  others 
during    the    life    of    the    i^eriod    for    which    such    privilege 
has  been  granted. 
MISCELLANEOUS   POWER  PLANT   EQUIPMENT:    Apparatus 
intermediary    between    prime    movers    and    electric    gen- 
erators;    mechanical    equipment    such    as     pulleys,     belts, 
hangers,   countershafts;   machine  tools,  hoists,  cranes,   etc. 
NONOPERATING    REVENUES:    Revenues    derived    from    prop- 
erty   or    interests    in    property    by    a    company    when    such 
property  is  not  used  directly  for  operations,   but  is   in  the 
hands  of  others,  such   as   rents,  leaseholds,   eto. 

■OBSOLESCENCE:  Equipment  and  apparatus  becoming  obso- 
lete and    falling   into   disuse. 

OPERATING  EXPENSES:  Expenses  necessary  to  the  main- 
tenance of  a  company,  the  production  and  distribution 
of  its  commodities,  the  rendering  of  proper  service  in 
connection  therewith,  and  the  collection  of  revenues  de- 
rived  from   such    service. 

OPERATING  REVENUES:  All  amounts  of  money  which  the 
company  receives  or  is  lawfully  entitled  to  for  the  dis- 
tribution of  its  commodity  and  services  rendered  in  con- 
nection to  its  consumers;  and  all  returns  upon  property 
used   by  the  company  in  its  own  operations. 

PERIODIC  PAYMENTS:  Payments  guaranteed  by  a  comp.uiy 
at  a  specific  time  or   times  to  defray  an   obligation. 

PREMIUM  REALIZED:  The  excess  of  actual  money  value 
realized  upon  any  particular  stock  at  the  time  of  issue 
over  the  par  value  of  the  stock. 

PREPAYMENTS:  Payments  for  such  items  as  taxes,  rents, 
insurance,  etc.,  made  in  advance  of  the  specific  period  to 
which   they  pertain. 

PRODUCTION  EXPENSES  (ELECTRIC):  Station  wages, 
fuel,  supplies,  and  repairs  to  station  buildings,  steam, 
electric   and   hydraulic   equipment. 

PUBLIC  UTILITY:  Every  individual,  association,  copartner- 
ship, corporation  or  joint  stock  company  that  owns,  oper- 
ates, manages  or  controls  any  electric  light,  heat,  power, 
water,  gas,  oil,  sewer,  telephone  or  telegraph,  plant  or 
equipment  for  rendering  public  service;  also  any  steam 
railroad,  street  railway,  traction  railway,  canal,  express, 
subway  or  pipe  line. 

PURIFICATION  SYSTEM  (WATER  WORKS):  All  land, 
structures  and  equipment  employed  in  connection  with 
the  purification  of  water,  and  in  conveying  water  from 
one  part  of  the  purification  system  to  another;  and  power 
plant  and  pumping  equipment  used  for  the  delivery  of 
wash  water   for   filter  or  sand   washing. 

REACQUIRED  SECURITIES:  Securities  that  have  been  is- 
sued to  bona  fide  holders  for  value,  and  later  reacquired 
by  a  company;  such  securities  are  usually  either  stocks 
or  funded   debt. 

RESERVES,  CONTRACTUAL:  Such  reserves  as  are  neces- 
sitated by  contracts  of  a  company,  such  as  reserves  to 
cover  sinking  funds  as  stipulated   in   mortgages,   etc. 

RESERVES,  NONCONTRACTUAL:  Temporary  reserves  as 
are  raised  without  being  required  by  any  contract  or 
agreement. 

RESERVES,  OPTIONAL:  A  division  of  noncontractual  re- 
serves, being  tho.se  created  solely  at  the  discretion  of  a 
company. 

RESERVES,  PERMANENT:  Reserves  that  must  be  main- 
tained intact  during  the  life  of  a  company,  such  as 
premiums   on   stocks,   etc. 

RESERVES,  TEMPORARY:  Reserves  not  Intended  to  be 
held   inta(  t  during  the  life  of  a  company. 

SINKING  FUNDS:  Funds  maintained  for  the  purpose  of  re- 
deeming   outst.inding    obligations. 

STOCKS:      .Securltlps    which    represent   permanent   Interests    In 


the  company,  such  interests  which,  if  terminable,  are 
only    so    at    the    option    of    such    company. 

STOCKS,  DEBENTURE:  Stocks  issued  under  a  contract 
guaranteeing  payment  thereon  of  a  specified  return  at 
specific   periods. 

STOCKS.  COMM()N:  Stocks  whose  claims  in  the  distribution 
of  dividends  are  subordinate  to  those  of  all   other  stocks. 

STOCKS,  FIRST  PREFERRED:  Stocks  whoso  claims  in  the 
distribution  of  dividends  are  foremost  above  those  of  all 
other  stocks. 

STOCKS,  SECOND  PREFERRED:  Stocks  whose  claim  in  the 
distribution  of  dividends  are  next  after  those  of  first 
preferred  stocks. 

SUSPENSE:  Used  in  connection  with  a  system  of  accounts, 
being  any  expenditure  made  in  which  the  exact  dispo- 
sition is  not  immediately  determinable;  the  occurrence  of 
any  loss  spread  over  a  period  of  time;  and  when  any 
debit  is  amortized  through  charges  made  to  expense  or 
other   income   accounts   over  a   period   of  time. 

TRANSMISSION  SYSTEM  (ELECTRIC):  Under  usual  condi- 
tions, the  outside  lines  and  conductor  system  to  the 
point  of  step-down  transformers  or  motor-generator  sets, 
etc.,  including  wires,  cables,  insulators  and  insulating 
materials    and    apparatus. 

TRANSMISSION  MAINS  AND  ACCESSORIES  (WATER): 
Used  only  in  connection  with  water  works  operating 
pumping  stations,  being  all  land  and  right-of-way  of 
main  pipe  lines  which  convey  water  for  long  distances 
without  any  connections  for  service,  from  the  pumping 
station  to  the  distributing  storage  reservoir  or  distribut- 
ing sj'stem  mains:  with  special  castings,  valves,  valve 
vaults,    boxes,    etc. 

UNAMORTIZED  DEBT  DISCOUNT  AND  EXPENSE:  The  ex- 
cess of  the  sum  of  the  par  value  and  accrued  interest 
over  the  cash  value  of  the  consideration  received  from 
the  sale  of  funded  debt  securities  and  other  evidences  of 
indebtedness,  when  such  are  disposed  of  for  a  sum  less 
than  the  par  value. 

UNAMORTIZED  PREMIUM  ON  DEBT:  The  excess  of  the 
sum  of  the  cash  value  received  over  the  par  value  and 
accrued  interest  from  the  sale  of  funded  debt  securities 
and  other  evidences  of  indebtedness,  wlien  such  are  dis- 
posed of  for  a  sum  greater  than  the  par  value. 

WATER  COLLECTING  SYSTEM:  Structures  and  equipment 
used  in  the  collection  of  water,  and  its  conveyance  from 
the  point  of  collection  to  the  purification  or  pumping 
plant.  Or  in  the  case  of  a  gravity  system,  to  a  point  from 
whicli    it    is    distributed    to    consumers. 


By  E.  H.  FISH 

Massachusetts  has  now  some  nine  schools  tor  the  industrial 
education  of  boys,  in  three  or  four  of  which  experiments  are 
being  tried  in  training  engineers.  The  state  law  contemplates 
the  admission  of  pupils  at  any  time  after  they  are  14  years 
old.  The  average  age  at  admission,  however,  is  at  least  15,  but 
even  then  a  two-year  course,  as  given  at  some  schools,  would 
make  the  graduates  only  17  and  the  four-year  courses  in  other 
schools,  19  years  old,  both  considerably  below  the  age  ct 
sutflcient  m.-turlty  for  responsible  work  around  engines  and 
boilers.  This  is  not  altogether  a  misfortune,  for  the  inter- 
vening years  may  be  profitably  spent  in  subordinate  positions 
whrre,  even  if  the  pay  is  small,  the  experience  is  good. 

These  schools  do  the  best  they  can  in  giving  the  pupils  a 
taste  of  the  real  life  of  a  fireman  and  engineer,  but  of  neces- 
sity their  service  plants  are  small  and  their  experimental 
plants  are  smaller.  In  Worcester  there  are  two  vertical  fire- 
tube  boilers  each  of  100  hp.  The  service  engine  is  a  West- 
inghouse  compound  of  75  hp.  There  is  a  spare  engine  used  for 
service  during  the  lighting  season  and  for  experiment  the 
rest  of  the  year.  This  is  a  high-speed.  Inertia  governor  en- 
gine of  90  hp.  These  two  machines  are  connected  to  55-kw. 
generators,  one  of  them  a  three-phase  220-volt  machine,  the 
other  a  direct-current  generator  of  the  same  voltage  which  is 
used  to  supply  light  when  the  first  generator  Is  overloaded. 
There  are  fcur  other  smaller  slide-valve  engines,  one  with  a 
riding  cut-off  and  centrifugal  fiywheel  governor,  the  others 
with  throttling  governors.  There  Is  also  nearly  complete  a 
small  Corliss  engine  on  which  the  pupils  In  the  machine  shop 
have  been  working  as  opportunity  offered  for  the  past  year 
and  a  half.  This  Is  as  comprohcnslve  an  equipment  as  such  a 
school  can  reasonably  be  expected  to  furnish  unless  a  much 
greater  demand  for  such  training  should  come  than  has  at 
present  appeared.     The  New  Bedford   school    has  a   60-hp.   pro- 
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ducer-gas  plant  and  engine  which  it  uses  for  a  service  plant. 
but  the  others  for  the  most  part  have  even  more  meager 
equipment.  Smaller  apparatus,  pumps.  Injectors,  valves,  gages, 
etc.,  are  easily  obtainable  from  the  makers  so  that  there  is 
no  difficulty  about  adequately  presenting  that  subject. 

All  of  the  schools  have  good  opportunities  for  steam- 
fitting  work  in  connection  with  their  own  plants.  The  same  is 
true  of  electric  wiring.  In  Worcester,  the  pupils  have  done 
all  the  steamfltting,  not  merely  for  the  experimental  engines, 
but  for  the  heating,  by  vacuum  system,  of  the  recent  addi- 
tion of  nearly  an  acre  of  floor  space.  They  have  also  put  in 
the  lighting  system,  including  the  switchboards,  which  they 
have  built,  and  the  installation  of  half  a  dozen  motors.  In 
fact,  these  are  the  easiest  things  to  handle  in  connection 
with  such  a  course;  the  most  difficult  is  that  connected  with 
what  may  be  called  purely  service  work.  Only  two  boys 
can  be  kept  busy  at  once  in  the  service  plant  actually  firing 
and  looking  after  the  engine — more  would  be  in  each  other's 
way.  Furthermore,  they  would  have  a  tendency  to  fool  that 
would  be  bad  for  them  and  for  the  school,  for  if  there  is  any 
place  where  strict  attention  to  business  is  essential  it  is  in 
the  engine  room.  Three  or  four  boys  can  be  kept  busy  around 
each  engine  to  advantage  so  long  as  it  is  used  for  experiment. 
They  can  learn  to  set  valves,  to  adjust  and  scrape  bearings, 
to  locate  knocks,  take  indicator  diagrams,  etc.,  but  they  get 
but  little  idea  of  looking  far  enough  ahead  to  keep  the  engine 
running  under  all  conditions;  these  they  must  get  in  the  ser- 
vice plant  of  the  school,  or  else  in  some  plant  outside. 

The  electrical  work,  however,  is  the  thing  that  draws  the 
largest  number  of  boys.  They  often  come  with  the  idea  that 
that   is  all   there   is   to   an   engineer's   duties  that   makes   them 
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The  Xcw  England  States  Association  of  the  National  As- 
sociation of  Stationary  Engineers  held  its  annual  convention 
at  Providence,  R.  I.,  July  S,  9,  10  and  11,  with  headquarters 
at  the  Crown  Hotel. 

The  meetings  of  the  delegates  were  held  in  the  assembly 
rooms  of  Infantry  Hall,  and  in  the  large  drill  room  across  the 
hall  was  the  exhibition  of  power-plant  machinery,  accessories 
and  supplies,  under  the  auspices  of  the  New  England  Asso- 
ciation of  Commercial  Engineers.  The  display  on  this  occa- 
sion was  the  largest  yet  held  and  was  well  attended. 

In  the  exhibition  hall  at  eleven  o'clock  on  AVednesday 
morning.  Major  James  W.  H.  Myrick  called  the  assembly  to 
order  and  introduced  Mayor  Joseph  H.  Gainer,  who  spoke 
briefly  and  interestingly  of  Providence,  and  welcomed  the  con- 
vention  to   it. 

He  was  fittingly  responded  to  by  Bradford  L.  Ames,  presi- 
dent of  the  New  England  Association  of  Commercial  En- 
gineers. 

John  P.  Farnsworth,  president  of  the  Chamber  of  Com- 
merce, was  then  introduced  and  talked  pleasingly  of  the  early 
days  of  engineering  and  told  of  the  wonderful  advancement 
and  of  the  high  standard  that  was  required  of  the  operating 
engineer  of  the  present  day. 

W.  C.  Barnes,  vice-president  of  the  association,  then  ad- 
dressed the  meeting,  after  which  the  exhibition  was  formally 
opened  by  Major  Myrick. 

On    Friday    morning    at    eleven    o'clock    the    delegates    and 


worth  doing.  Except  for  the  fact  that  it  is  impossible  to  give 
them  experience  with  really  heavy  generators  and  high  volt- 
ages, this  is  the  easiest  thing  to  handle  of  all.  W^ire  can  be  used 
over  and  over  again,  lights  and  motors  can  be  installed  for 
the  use  of  other  departments,  and  if  that  work  should  run  low 
there  is  plenty  of  chance  to  relocate  both  motors  and  lights. 
After  all,  the  greatest  opportunity  for  the  pupils,  consid- 
ered in  the  light  of  the  usual  lack  of  opportunity,  is  in  the 
class-room  work  of  a  technical  nature.  The  work  of  an  en- 
gineer involves  considerable  technical  work,  which  is  not 
Biven  in  its  practical  aspect  in  engineering  schools.  Work  of 
this  nature  must  be  given  from  a  simple  and  practical  view- 
point in  a  trade  school  or  the  pupils  will  not  grasp  it  at  all. 
in  which  case  they  will  not  stay  at  school.  In  this  work  the 
assistance  of  textbooks  is  almost  worthless.  It  must  be  taught 
from  handbooks,  trade  catalogs  and  technical  papers.  Text- 
books attack  all  these  subjects  in  ways  which  involve  math- 
ematics much  beyond  the  capacity  of  the  pupils  of  trade 
schools,  and  they  approach  their  subjects  in  the  exactly 
opposite  way  from  that  in  which  the  various  laws  of  nature 
were  discovered.  That  is,  they  assume  that  the  laws  have 
been  correctly  interpreted,  and  then  from  these  laws  they  pro- 
ceed to  deduce  facts  which  agree  fairly  well  with  what  is 
found  in  practice,  instead  of  beginning  with  what  is  found  in 
practice  to  be  true  and  then  from  that  showing  how  these 
laws  may  be  interpreted.  It  is  unfortunate  that  textbooks 
which  handle  things  in  this  latter  way  are  not  available,  but, 
on  the  other  hand,  it  is  fortunate  that  the  present  condition 
does  not  make  it  possible  for  men  to  "fake"  teaching,  as  is 
IK>Eslble  in  colleges. 
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guests  assembled  in  Infantry  Hall  for  the  preliminary  exer- 
cises of  the  convention.  Riley  Daniels,  the  presiding  officer, 
introduced  Aram  J.  Pothier,  governor  of  Rhode  Island,  who 
said  how  pleased  he  "was  to  have  the  convention  come  to  his 
state,  and  hoped  that  the  stay  in  Providence  would  be  botll 
profitable  and  enjoyable.  Asa  M.  Day.  Mayor  Gainer,  Thomas  A. 
Ray,  National  President  James  R.  Coe,  JIayor  G.  W.  Easter- 
brooks,  of  Pawtucket:  Mayor  Walter  F.  Snow,  of  Central 
Falls;  Mayor  John  W.  Horton,  of  Cranston,  and  J.  T.  Maloney, 
past-president  of  the  Commercial  Engineers,  also  made  ad- 
dresses. The  meeting  then  went  into  executive  session  and 
President  Asa  M.  Day  appointed  the  several  committees,  after 
which  the  meeting  adjourned  until  the  afternoon  session. 

A  smoker  was  held  on  Friday  evening  in  the  banquet  hall 
of  the  exhibition  building  under  the  auspices  of  the  Com- 
mercial Engineers.  Good  things  to  smoke  were  distributed, 
and  an  enjoyable  entertainment  was  given  by  Bert  Self,  Peer- 
less Rubber  Manufacturing  Co.;  Billy  Murray  and  Joe 
McKenna,  Jenkins  Bros.;  Michael  O'Connell,  New  Jersey  Me- 
chanical Rubber  Co.;  Jack  Armour,  "Power";  Michael  Foran, 
Bob  Jones,  Monroe  Silver,  and  Jim  Devins.  The  big  number 
of  the  night  occurred  when  Master  of  Ceremonies  Frank 
Martin  called  F.  R.  Low  and  Bradford  L.  Ames  to  the  stage. 
Mr.  Low,  in  a  few  well  chosen  words,  presented  a  solitaire 
diamond  scarf  pin  to  the  past-president  of  the  Commercial 
Engineers,   the   gift  of  his   friends  among   the   supplymen. 

On  Saturday  morning  at  S  o'clock  there  was  an  automobile 
ride  for  the  delegates  through  the  park  system  of  Providence. 

-4t  ten  o'clock  on  Saturday  morning  the  convention  en- 
joyed a  steamboat  trip  to  Potter's  Cove  Club,  where  a  genuine 
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Rhode  Island  clambake  was  served.  Before  the  bake  there 
was  a  baseball  match  between  the  Engineers  and  the  New 
York  "Bunch,"  which  resulted  in  a  victory  for  the  Engineers 
by  the  score  of  7  to  2. 

At  the  meeting  of  the  delegates  on  Friday  the  ofBcers  for 
the  ensuing  year  were  elected  as  follows:  Asa  M.  Day,  past- 
president.  New  Haven,  Conn.;  Thomas  A.  Ray,  president,  Cam- 
bridge, Mass.;  Riley  Daniels,  vice-president,  Pawtucket,  R.  I.; 
John  P.  Quinn,  secretary,  Holyoke,  Mass.;  Walter  Damon, 
treasurer,  Springfield,  Mass.;  M.  M.  Childs,  conductor.  Provi- 
dence, R.  I.;  Timothy  Horan,  doorkeeper,  Ludlow,  Vt.  Na- 
tional President  James  R.  Coe  installed  the  officers  and 
pinned  a   past-president's  jewel  on  Asa  M.   Day. 

At  the  meeting  of  the  Commercial  Engineers  on  Friday 
afternoon,  Herbert  E.  Stone,  treasurer,  was  presented  a 
handsome  coml>ination  silver  cake  dish  and  cut-glass  t>ouquet 
holder,  William  K.  Campbell  making  the  presentation  speech. 
The  election  of  officers  resulted  as  follows:  William  K.  Camp- 
bell, president;  James  W.  H.  Myrick,  vice-president;  Herbert 
E.  Stone,  treasurer.  Bradford  L.  Ames,  W.  Carleton  Barnes 
and  Fremont  Eggleston,  Jr.,  were  chosen  for  directors  for 
three  years,  and  Brooks  Faxon  for  one  year. 

Hol.voke,  Mass.,  was  selected  as  the  convention  city  for 
1915. 

EXHIBITORS 


Acme  Electric  Co. 
Albany    Lubricating   Co. 
Allen  Manufacturing  Co.,  Inc. 
American     Graphite     Feeding 

Device  Co. 
American  Oil  Co. 
American     Steam     Gauge     & 

Valve  Manufacturing  Co. 


Jenkins  Bros. 
Jefferson   Union    Co. 
Keystone  Lubricating  Co. 
H.   W.    Johns-Manville   Co. 
Lunkenheimer   Co. 
IManning,  Maxwell  &  Moore 
Mason   Regulator   Co. 
Massachusetts   Pan   Co. 


CosimffiffiassHOEa 

-A  most  important  decision  has  bten  rendered  by  the  -Ap- 
pellate Division  of  the  Supreme  Court  of  New  York  in  the  case 
of  C.  Perceval  vs.  the  New  York  Edison  Co. 

The  case  dates  back  just  about  a  year  at  which  time  the 
complainant,  C.  Perceval,  had  in  course  of  construction  at 
Nos.  2-6  Ninth  Ave.  a  building  on  leased  ground  and  made 
application  to  the  New  York  Edison  Co.  for  service  connection, 
refusing,  however,  to  subscribe  to  the  clause  in  the  contract 
that  no  other  electric  service  should  be  used  or  introduced  in 
connection  with  the  equipment  supplied  without  the  written 
consent  of  the  Edison  Co. 

In  the  adjoining  building  occupied  by  Prank  I.  Wing,  there 
was  a  private  plant,  whicli  it  was  arranged  should  supply 
the  new  building  from  7  a.m.  to  5:30  p.m.,  the  street  service 
to  be  used  only  during  the  night. 

The  New  York  Edison  Co.  refused  to  sell  electricity  under 
these  conditions  and  Mr.  Perceval  appealed  to  the  Public  Ser- 
vice  Commission  to   compel   the   company   to  do  so. 

After  a  number  of  hearings  the  commission  reached  the 
decision  on  Mar.  3,  1914,  sustaining  the  New  Y'ork  Edison  Co.. 
holding  that  a  public  service  corporation  may  not  reasonably 
be  required  to  furnish  breakdown  service  for  a  competitor 
furnishing  the  same  kind  of  service  in  the  same  area. 

The  case  was  then  taken  to  the  courts  and  the  decision, 
which  reverses  that  of  the  Public  Service  Commission,  holds 
that  in  consideration  of  the  privileged  position  of  the  com- 
pany, especially  in  its  use  of  the  streets,  it  must  serve  impar- 
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V.  D.  Anderson  Co. 

Ashton  Valve  Co. 

Atwood   &  Morrill 

Autoforce   Ventilating   System 

J.  Henry  Blanchard 

Rowers  Rubber    Works 

Brown  Bros.  Co. 

Bryan-Marsh  Division  Na- 
tional I«imp  Works  ot  Gen- 
eral Electric  Co. 

Buhne   Metal    Packing   Co. 

Burke  Englneerinir  Co. 

Builders  Iron  Foundry 

Chapman  Valve  Manufactur- 
ing Co. 

A.  W.  Chesterton  Co. 
C.  A.  Claflln  Co. 
Clement  Restein   Co. 
Climax  Smoke  Preventer  Co. 
Crandall   Packing  Co. 

B.  ^1.  Dart  :Manufacturing  Co. 
M.  T.    Davidson   Co. 
Dearborn  iMiemlcal  Co. 
Diamorid  Pnwi  r  SiHcialty  Co. 
Durabhv    Maiiufncturing    Co. 
Ragle  (lil  fi-  Supydy  Co. 
Gardner  Grate  Co. 

Garlock  Packing  Co. 

General  Fire  Extinguisher  Co. 

Greene,  Tweed  &  Co. 

A.  W.  Harris  Oil  Co. 

Wm.  A.  Harris  Steam   Engine 

Co. 
Hart-Edison   P.-cking  Co. 
Hart  Packing  Co. 
imis-McCanna   Co. 
Home   Rubber   Co. 
Chas.  .T.  Jagar  T'o. 
Geo.  P.  Dixon  Co. 
Grlscom-Russell   Co. 


McLeod  &  Henry  Co. 

Narragansett   Electric   Light- 
ing Co. 

"National  Engineer" 

New  York  Revolving  Portable 
Elevator  Co. 

Open   Coil   Heater   &    Purifier 
Co. 

Patterson  Lubricating  Co. 

Pennsylvania  Flexible  Metal- 
lic Tubing  Co. 

Perino  Chemical  Works 

Perolin  Co.  of  America 

Peerless  Rubber  Manufactur- 
ing Co. 

Philadelphia  Grease  Manufac- 
turing Co. 

"Power" 

Providence  Engineering  WDiks 

Publicity  Committee,  R.  1.,  N. 
A.   S.   E. 

Quaker  City  Rubber  Co. 

Revere   Rubber  Co. 

Rhode  Island   Covering  Co. 

Rhode      Island     Welding     & 
Sherardizing   Co. 

Rhode  Island  Supply  &  Engi- 
neering Co. 

Walter  G.  Buggies  Co. 

Spencer    Turbine    Cleaner    Co. 

Syracuse  Faucet  &  Valve  Co. 

Tillotson  Humidifier  Co. 

Thomas   Evans 

Vanda  Co. 

Vasll   Fuel   &  Steam    Systems 
Co. 

Wholev  Boiler  Works 

Wiener  Machinery  Co. 

E.  De   F.   Wilkinson   Co. 

Wm.    R.   Winn 


tially  every  member  of  the  community  who  demands  service. 
It  may  establish  reasonable  regulations,  but  the  requirement 
that  a  consumer  must  take  all  his  energy  from  one  company 
or  receive  none  is  declared  an  arbitrary  attempt  on  the  part 
of  the  company  to  insure  to  itself  a  monopoly  of  furnishing 
energy. 


M.\THEM.\T1CS     FOR     THE     PRACTIC.-\L     ENGINEER.        By 

Charles  H.  Bromlev  and  Henry  R.  Coblelgh.     McGraw-Hill 

Hook    Co.,    New    York.      Cloth:    220    pages,    BVixSVi    in.;    75 

illustrations;  tables.     Price,  $2. 
FUEL   ECONOMY    AND   CO.   RECORDERS.      By   A.   R.    Maujer 

and    C.   H.    Bromlev.      McGraw-Hill    Book    Co.,   New    York. 

Cloth;  189  pages  5\xS%  in.:  28  Illustrations.  Price,  ?1.50. 
METHODS    OF    MACHINE-SHOP    WORK.      By    P.    A.    Halsey. 

McGraw-Hill   Hook  Co.,  New  York.     Cloth;  286  pages,  5%x 

9V4    in.;   285   illustrations.      Price,    J2.50. 

KITect  of  Soot  on  VeBOtiitlon — This  is  the  subject  dealt  with 
in  Bulletin  7.  the  latest  put  out  by  the  Mellon  Institute  ot 
Industrial  Research.  The  bulletin  was  written  by  J.  F.  Clev- 
enger,  botanist  for  the  smoke  investigation  ciunmittee,  and  the 
Investigation  was  undertaken  by  the  botanical  department  of 
the  Pennsylvania  State  College  coHperating  with  the  Mellon 
Institute.  Observations  have  been  made  In  public  parks  In 
Pittsburgh,  Chicago  and  the  vicinity,  and  along  railroad  lines 
and  In  mill  districts.  The  conclusions  of  other  Investigators 
here  and  abroad   are  given. 
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AsHaeficaEa  Boiler    MaKatisfac- 


The  American  Boiler  Manufacturers'  Association  -n-ill  hold 
its  26 til  annual  convention  in  New  York  City,  Sept.  1  to  4,  with 
headquarters  at  the  Waldorf-Astoria  Hotel.  All  boiler,  tank 
and  stack  manufacturers,  and  fabricators  of  steel  plate,  also 
manufacturers  and  representatives  of  materials  and  supplies 
used  by  boiler  manufacturers,  are  invited  to  attend. 

A  number  of  interesting  papers  on  subjects  of  importance 
to  boiler  and  plate  manufacturers  will  be  read.  Uniform 
boiler  specifications  will  be  thoroughly  discussed,  and  it  is 
hoped  that  some  action  on  this  subject  will  be  taken  at  this 
convention. 

It  those  anticipating  attending  will  send  their  names  to 
F.  B.  Slocum,  secretary.  West  and  Calyer  Sts.,  Brooklyn,  N.  T., 
or  to  any  of  the  following  members  of  the  publicity  committee, 
arrangements  for  locating  them  during  the  convention  will 
be  made: 

Publicity  committee — H.  R.  Cobleigh,  chairman  (managing 
editor  "Power"),  Tenth  Ave.  and  36th  St.;  George  H.  Partridge, 
Sweet's  Catalogue  Service,  Inc.,  119  West  40th  St.;  J.  M.  Lloyd, 
•'The  Iron  Age,"  239  West  39th  St.;  Watson  S.  Anthony,  man- 
ager, "Industrial  Engineering."  120  "S\'est  32d  St.,  and  George 
Slate,  "The  Boilermaker,"  17  Battery  Place,  all  of  New  York 
City. 


L,iceniiinR  of  Stationary  Eneineers — An  ordinance  such  as 
was  adopted  in  Buffalo,  prohibiting  the  granting  of  a  license 
to  a  stationary  engineer,  unless  he  has  been  a  resident  of  the 
city  for  three  years,  is  unconstitutional  as  an  unreasonable 
Interference  with  the  right  to  engage  in  a  lawful  business, 
guaranteed  by  the  United  States  Constitution,  according  to 
the  decision  of  the  United  States  District  Court  for  the 
Western  District  of  New  York  in  the  case  of  Williams  vs. 
WcCartan,  212  "Federal  Reporter,"  345.  The  court  said  in 
this  case: 

The  state  legislature  no  doubt  had  the  power  to  author- 
ize the  municipality  to  enact  an  ordinance  requiring  appli- 
cants for  licenses  to  run  stationary  engines  within  the  city 
of  Buffalo  to  submit  to  an  examination  as  to  their  qualifica- 
tions, and  to  give  them,  if  qualified,  a  stationary  engineer  s 
license  of  the  same  relative  grade  as  the  United  States  license 
held  by  them,  as  specified  in  the  charter;  but  the  legislature 
cannot  restrict  the  issuance  of  such  licenses,  without  grade 
classification,  to  engineers  living  in  the  city  of  Buffalo  to  the 
exclusion  of  nonresidents.  .  .  .  The  complainant,  it  is 
true,  had  no  positive  right  to  a  license  to  run  a  stationary 
engine,  but  he  had  a  right,  without  respect  to  residence,  to 
an   examination  as  to  his  qualifications. 

I'nlform  Boiler  Laws  for  Canada — .\s  a  result  of  a  confer- 
ence held  at  the  Parliament  Buildings  of  the  chief  boiler  in- 
spectors of  the  different  provinces,  a  uniform  set  of  regula- 
tions is  to  be  adopted  for  the  entire  Dominion  to  enable  in- 
spection in  one  province  to  be  accepted  in  any  other.  At  pres- 
ent Nova  Scotia,  New  Brunswick  and  Manitoba  have  no  regu- 
lations,   although    the    necessary   legislation    has    been    passed. 

D.  M.  Metcalfe,  chief  boiler  inspector  for  Ontario,  is  chair- 
man of  the  conference,  and  associated  with  him  are:  W.  G. 
Mathieson,  Nova  Scotia;  John  Peck,  British  Columbia;  R.  M. 
Blackburn,  Saskatchewan,  and  P.  J.  Jobin,  Quebec.  These  men 
have  been  engaged  revising  the  regulations  and  making  such 
amendments  as  are  necessary  to  bring  those  of  the  different 
provinces  into  uniformity,  and  Alberta,  New  Brunswick  and 
Manitoba  will  adopt  their  recommendations  when  the  work 
is  completed. 

Projected  Canadian  Power  Plant — Announcement  is  made 
at  \S'innipeg  that  E.  W.  Backus,  Minneapolis,  Minn.,  has  been 
granted  water  rights  by  the  Ontario  government  on  an  under- 
standing that  he  will  develop  30,000  hp.  on  the  Winnipeg  River 
and  erect  a  pi'lp  mill  at  Kenora,  Ont.  It  is  contemplated  that 
one-half  of  the  power  developed  will  be  utilized  by  the  mill. 

Kxtend  Seirioe  of  Manicipal  Plant — Pasadena,  Calif.,  has 
been  given  formal  permission  by  the  South  Pasadena  board 
of  trustees  to  place  conduits  and  pole  lines  in  that  city  for 
the  purpose  of  furnishing  energy  from  the  Pasadena  munic- 
ipal electric  plant  to  the  citizens  of  South  Pasadena.  Prin- 
cipally, the  desire  of  General  Manager  Koliner  is  to  furnish 
service  to  residents  on  the  borderland  between  the  two  cities, 
but  as  time  advances  the  demand  may  necessitate  the  ex- 
tension  of   the  service   further   into   South   Pasadena. 

A  Prize  Competition  has  been  opened  to  the  employees  of 
members  of  the  Society  for  Electrical  Development,  Inc.  The 
society  offers  eight  prizes.  $250,  5150,  ?50  and  five  of  $10  each. 


for  the  best  story,  article  or  report  on  any  subject  pertaining 
to  "Commercial  Electricity."  The  competition  will  close  on 
Sept.  1.  For  full  particulars  address  Competition  Editor, 
Society  for  Electrical  Development,  Inc.,  29  West  Thirty-ninth 
St.,  New  York  City,   and   give   name   of  employer. 

"Westinghouse  Strilie  Ended — It  has  been  officially  an- 
nounced by  the  Westinghouse  companies  that  the  Westing- 
house  strike  at  East  Pittsburgh  "was  called  off  by  the  "workmen 
on  Thursday,  July  9.  While  the  day  set  for  their  return  to 
work  was  Monday,  July  13,  a  large  number  of  the  men  re- 
ported on  the  Friday  and  Saturday  preceding.  The  works  are 
now  running  full  time. 

Correction — In  the  articles  describing  the  Hauto  steam- 
electric  power  plant  in  the  June  9,  16,  23  and  30  issues,  through 
an  inadvertence  it  was  stated  in  the  table  of  equipment  that 
venturi  nieters  were  from  the  Builders'  Iron  Foundry  Co., 
whereas  they  were  furnished  by  the  Simplex  Valve  &  Meter 
Co.,  112  North  Broad  St.,  Philadelphia,   Penn. 


ATLANTIC  COAST   STATES 

The  Department  of  Electric  Light  and  Water,  North  Attle- 
borough,  Mass.,  is  in  the  market  for  water-tube  boilers. 
William    Plattner   is   Mgr. 

Bids  will  be  received  until  Aug.  4.  for  constructing  addi- 
tions to  the  po'wer  house  and  for  furnishing  equipment  for 
the  Norfolk  State  Hospital,  Foxboro,  Mass.,  an  engine,  dynamo 
and  switchboard  will  be  required.  W.  Rodman  Peabody  is 
Chn.   Bd.   of  Trustees. 

Bids  will  soon  be  received  by  the  Worcester  State  Asylum, 
Worcester,  Mass.,  for  a  72-in.  bv  21-ft.  6-in.  horizontal  tubular 
boiler,  94  tubes,  3^2 -in.  by  20-ft.  shell  %  in.  thick,  quadruple 
buttstrap  riveted  for  the  Grafton  colony. 

Plans  are  being  prepared  by  Ewing  &  Chapelle,  101  Park 
Ave.,  New  York.  N.  Y.,  for  the  erection  of  a  central  heat,  light 
and  power  plant  on  Mohegan  Ave.,  Ne'w  London,  Conn.,  for 
the  Connecticut  College  for  Women. 

Bids  will  be  received  bv  Franklin  W.  Hooper.  Secy.  Bd.  of 
Trustees,  30  Lafayette  Ave.,  Borough  of  Brooklyn,  New  York, 
until  10  a.m..  Aug.  S,  for  constructing  a  power  house  for  the 
New  York  State  School  of  Agriculture,  near  Farmingdale,  N.  Y. 

The  Tracy  Development  Co.,  Waterloo,  N.  T.,  contemplates 
constructing  a  power  plant  at  Waterloo.  E.  K.  Baldwin  is 
Secy. 

SOUTHERN    STATES 

Bids  will  soon  be  received  for  the  construction  of  a  munici- 
pal electric-light  plant,  Winston-Salem,  N.  C.  I.  V.  Turner  is 
City   Clk. 

The  Georgia  School  of  Technology,  Atlanta,  Ga.,  will  con- 
struct a  power  plant  estimated  to  cost  $200,000. 

The  Axton-Fisher  Tobacco  Co..  Louisville,  Ky.,  is  erecting 
a  new  plant  in  which  will  be  included  a  power  plant.  A  dyna- 
mo and  several  motors  ranging  from  5  to  30  hp.  will  be 
installed. 

The  Purified  Petroleum  Products  Co.,  Louisville  Trust 
Bldg.,  Louisville,  Ky.,  will  soon  be  in  the  market  for  a  20-hp. 
motor. 

CENTRAL    STVrES 

Plans  have  been  prepared  by  Ernest  McGregor,  Leader 
News  Bldg..  Cleveland,  Ohio,  for  the  construction  of  a  power 
plant  for  the  Parish  &  Bingham  Co..  5363  Hamilton  Ave., 
Cleveland. 

Bids  will  be  received  until  Aug.  7  for  rebuilding  the  elec- 
tric-lighting plant  and  water-works  at  Norwood.  Ohio.  The 
estimated  cost  is  $62,000.  Two  boilers,  two  engines,  an  air 
compressor,  two  generators  and  a  switchboard  will  be  re- 
quired. Walter  G.  Franz,  Union  Trust  Bldg.,  Cincinnati,  is 
the  Engr. 

The  Munising  Electric  Light  &  Power  Co..  Munising,  Mich., 
will  soon   construct  a  new  power  plant. 

Bids  will  be  received  bv  IT.  J.  Keating.  Village  Clk..  Wau- 
zeka.  Wis.,  until  Julv  28.  for  furnishing  one  10-hp.  gasoline- 
kerosene  engine  and  one  5xS-in.   triplex   power  pump. 

WEST  OF  THE  MISSISSIPPI 

The  Des  Moines  Electric  Co.,  Des  Moines  Iowa,  will  make 
extensions  and  improvements  to  its  power  plant,  to  cost  $160.. 
000.     W.  H.  Thompson,  Jr.,  Des  Moines,  is  Gen.  Mgr. 

At  a  recent  election  the  citizens  of  Lyons,  Iowa,  voted  to 
issue  bonds  for  the  construction  of  a  municipal  electric-light 
plant. 

F  M.  Newland.  Comr.  of  Water  and  Light.  Topeka.  Kan.. 
has  applied  for  a  new  unit  in  the  power  equipment.  The  esti- 
mated cost  is  $4500.     C.  B.  Burge  is  City  Clk. 

The  construction  of  an  electric-light  plant  at  Pilot  Grove, 
Mo.,   is   under   consideration. 

The  Cisco  Gas  &  Electric  Co..  Cisco,  Tex.,  has  been  organ- 
ized for  the  purpose  of  constructing  an  electric-light  plant  at 
Cisco.     W.  S.  Michael  is  interested. 

The  Texas  Southern  Electric  Power  Co..  Houston.  Tex.,  has 
been  incorporated  to  construct  a  power  plant  at  Houston. 
Edwin  B.  Parker  is  interested.  2 


n-y 


BiiiiiiiiiuiiiiiiliiiiiiiiuiiiiiiiiNiiiiiiiinniiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiDiiiniiiiii i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiniiiiiii^^ 


ihliiiiiiiiniiiniiiiiiiiniiiiiiiiiillliiiiiiiiiiinniiiiiiiiiiiiiiiiiiniiiNiiiiiiiniiiNiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiuiiiiiiiiiniiiiiiiiiii^ 

Vol.  4(1  x\K\V  YOniv,  ALXiUST  4,  I'JU  Xo.  5 


Sumf8l'''l  '>v  fieorqr  li.  Lnnastral,  SnmcrvtUc,  ,1/(i«s.) 


)g\feil^  Firsft 


r  0  M'  ]•:  K 


Vol.  40,  Xo.  5 


By  \V.\i;i;kn  O.  Rogers 


SYNOPSIS — A  slandbj/  ateam-poib-er  station  of  10,000- 
ktiK  capacity.  A  feature  of  interest  is  the  condenser  pit, 
38  ft.  deep,  271/^  ft.  wide  and  661/2  /^-  'o"fl'»  containing 
itvo  6000-sq.ft.  surface  condensers,  two  turbine-driven  cir- 


FlG.    1. 


(.'oal-Haxdlin'g  Apparatus  and  Smoke  Flue 
ox  THE  Roof 


<  ulating  pumps  and  two  house  punipS:  Placing  the  main 
smol-e  flue  on  the  power-house  roof  is  an  innovation  from 
ordiiinnj  prnrlire,  as  is  the  outdoor  substation. 

The  Alabama  Power  Co.,  Birmingham,  Ala.,  reeenth' 
completed  and  put  into  operation  a  steam-turbo-generator 
.station  of  10,000-kw.  capacity  at  Gad.~den,  Ala.  The  com- 
pany i.s  also  building,  a  water-power  development  at  Lock 
]"-i,  on  the  Coosa  River,  which  will  have  a  rating  of  54,- 
OUO  kv.a.,  and  it  has  plans  for  constructing  a  high-tension 
transmission  system  which,  when  completed,  will  extend 
over  a  network  of  more  than  800  miles,  reaching  to  the 
most  important  parts  of  the  state.  The  Gadsden  steam 
phuit,  which  cost  about  $800,000,  and  the  Coosa  River 
development  have  a  total  of  65,000  kv.a.  for  present  dis- 
tribution. 

The  steam  plant  is  situated  close  to  the  Coosa  River, 
jibout  two  miles  from  Gadsden.  The  building.  Fig.  1, 
has  a  concrete  substructure  and  a  brick  and  steel  super- 
structure. 

TriMiixE  Rooj:  '■ 

In  the  turbine  room,  there  are  two  six-stage,  oOOO-kw. 
horizontal  turbo-generators.  Fig.  2.  The  operating  floor 
is  divided  by  a  13-in.  thick  curtain  wall  separating  the 
turbine  room  from  the  pump  and  boiler  room.  Fig.  3,  a 
]ilan  view  of  the  plant,  shows  the  general  arrangement  of 
the  units.    The  turbine  room  is  91  ft.  4  in.  long  by  50  ft. 


Fig.  2.    Two  500n-Kw.  Tuebo-Gexerator  Units 
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wide.    The  turbines  are  next  to  the  curtain  wall,  leaving 
ample  room  for  two  more  units  of  the  same  floor  area. 

Of  the  two  exciter  units,  each  of  100-kw.  capacity,  one 
is  driven  by  a  150-hp.  induction  motor  at  880  r.p.m.,  and 
the  other  by  a  100-kw.  steam  turbine  at  2400  r.p.m.  Both 
direct-current  generators  supply  energy  at  125  volts.  The 
motor-driven  unit  is  near  the  switchboard,  but  the  other 


way,  are  two  turbine-driven,  24-in.  tri-rotary  pumps, 
which  at  900  r.p.m.  supply  circulating  water  to  the  con- 
densers. Two  10-  and  10  by  10-in.  service  pumps  supply 
water  to  the  tank  on  the  power-house  roof.  There  are 
also  two  turbine-driven  hotwell,  4-in.  turbine  pumps. 

Fig.  5  shows  the  arrangement  of  apparatus  in  the  con- 
denser pit.     Condensers  are  placed  in  the  pit  under  each 
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is  between  the  two  iiiaiii  turl)incs  ami   bark  of  the  con- 
denser pit,  Fig.   I. 

CoNDKXSKItS 

Each  of  the  two  condensers  has  14,000  sq.ft.  of  cooling 
surface,  a  total  of  28,000,  or  2.8  sq.ft.  per  generator  kilo- 
watt. They  rest  on  T-beams  set  in  the  concrete  walls  of 
the  condensoT  pit.  which  is  271/3  ft.  wide,  fifil/o  ft.  long 
and  .38  ft.  deep.  The  walls  and  bottom  of  the  pit  arc  4  ft. 
thick.    At  the  bottom,  which  is  reached  by  an  iron  stair- 


lurbinc  iind  piped  to  it  by  a  6-ft.  diameter  exhaust  con- 
nection. 'J'he  circulating  water  is  ]  umped  from  the  "iver 
to  the  condensers  through  an  intake  tunnel  on  the  suction 
side  of  the  circulating  ])ump  and  a  30-in.  discharge  pipe 
to  the  condenser,  at  the  side  near  the  toji.  The  discharge 
water  flows  back  to  the  river  by  gravity. 

Condensate  from  the  condensers  is  ]iumpcd  from  the 
hotwell  to  a  vacuum  heater  just  back  of  the  boilers  at  one 
end  of  the  puinj)  room.  When  there  is  more  hot  water 
than   can   be   handled   thrdUL'b   the   heater,   wliich   occurs 
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at  ci-M'tiUii  tiiiH's  when  tlicre  is  a  iiiiiiimum  (loniniul  for 
feed  water  lj_y  tlie  boilers,  the  excess  water  goes  to  a  hot- 
water  storage  tank.  When  the  heater  is  working  at  its 
maxiiniim  capacity,  any  increase  in  the  feed-water  supply 
cauRes>a  float  valve  to  open  and  the  excess  water  goes  to 
a  storage  tank.  As  the  demand  for  feed  water  increases 
and  the  water  in  the  heater  falls  below  a  predetermined 
level,  a  float  valve  is  opened  on  a  line  between  the  storage 
tank  and  the  condensers,  allowing  the  hot  water  to  return 
to  the  condenser.s ;  it  is  then  fed  from  the  hotwell  to  the 
heater.  By  this  arrangement,  there  is  no  waste  of  feed 
water  and  hot  water  is  always  available  for  maximum  de- 
mands.    Makeup  water  is  obtained  from  the  house  tank 


Tlierc  are  six  three-drum,  fJii(i-hp.  water-tube  Imilers, 
Fig.  7,  each  with  aW  four-inch  tubes,  18  ft.  long  and 
placed  21  wide  and  14  high.  The  boilers  are  designed  for 
285  lb.  pressure,  but  only  185  lb.  is  carried. 

The  dutch-oven  furnaces  are  equipped  with  automatic 
stokers,  having  a  grate  12  ft.  wide  and  8  ft.  7  in.  long, 
or  103  sq.ft.  of  surface.  As  each  boiler  has  6000  sq.ft. 
of  heating  surface,  the  ratio  to  the  grate  area  is  58.25  to  1. 
The  top  of  the  furnace  is  10  ft.  lOi/o  in.  above  the  fire- 
room  floor,  which  gives  an  interior  furiiace  height  of  8 
ft.  3  iji.  above  the  bottom  of  the  stoker.  This  construc- 
tion calls  for  a  bridge-wall  !)  ft.  3  in.  high,  with  a  6-ft. 
s])ace  between  it  and  the  inner  end  of  the  furnace. 
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and  the  supply  is  anloinatically  controlled.  This  water 
is  taken  from  the  I'ivcr  and  ])asses  through  filters  before 
going  to  the  tank. 

Between  the  vaiiiiini  bralcr  am!  tin'  <binuicv  are  two 
10-  and  2ri-  by  IS-in.  dry-vaciiiim  ])nnips  and  two  18-  and 
10-  by  18-in.  outside,  center-packed,  boiler-feeil  pumps. 
Fig.  (i.  Each  air  |nimp  is  coiniected  to  a  condenser  by  a 
12-in.  pi])e.  The  exinuist  pipe  from  the  steam  end  con- 
nects with  a  common  auxiliary  12-in.  exhaust  line  run- 
ning to  the  heater.  The  steam  lines  to  the  air  ]mm])s 
are  (I  in.  in  diameti'r,  and  branch  from  a  main  fi-in. 
auxiliary  header;  the  dry-air  i)unips  also  receive  steam 
from  the  G-in.  Invader.  .\!l  auxiliary  exliausts  are  pi]ied 
to  a  conimon  main  e(piip|>ed  with  an  8-in.  atmospheric  ex- 
lianst.  Tile  turbines  lia\c  a  free  air  exliaust  30  in.  in 
diiinn'tcr. 


The  .")\()-ft.  smoke  uptakes  are  at  the  back  end  of  an<l 
ali(i\e  the  boilers,  each  having  an  area  <if  30  sq.ft.  These 
iiinncci  with  a  main  ^nioke  flue  on  the  roof,  as  shown  in 
l''iir.  ■'^.  'I'iic  tliic  is  constructed  of  sheet  steel  lined  with 
lirebrick,  is  12  ft.  •")  in.  high  at  the  center  section  and  ■; 
ft.  !'  in.  high  at  botli  ends,  with  a  cross-section  of  7  fl. 
:!  in.  The  outlet  coniu'cts  with  a  brick-lined  steel  chim- 
ney having  an  inside  dianu't^r  of  13  ft.  It  is  225  ft.  high 
^d)()ve  the  boiler-room  floor,  and  has  a  stack  area  of 
132.73  s(|.ff.,  or  22.12  sq.ft.  per  boiler.  Its  sectional  area 
bears  a  ratio  to  the  grate  of  1  to  1.29  s(|.ft.  As  there 
are  10,000-kw.  cajjacity  in  turbines  and  3fiOn  hj).  in  boil- 
ers, there  is  one  horse]K)wer  for  each  2.77  kw.  in  oiiti)ut. 

Of  the  several  advantages  in  placing  the  snuike  flue 
where  it  is,  more  room  is  had  above  or  at  the  rear  of 
llic  bdilcrs.  it   is  out   (if  the  wav  of  iiiping  and.  Mlthough 
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Fig.  8.    Lined  Metal  Smoke  Flue  on  Roof  of  the  B(>ili;i;  IIol.sk.  Tuavelixg  Ckane  and  Coal  Crusher 


exposed  to  the  elements  the  3'ear  round,  this  is  not  neces- 
sarily disadvantageous,  because  of  the  mild  climate :  and, 
being  lined,  the  coolest  weather  reduces  the  temperature 
of  the  gases  but  slightly. 

At  the  right  of  Fig.  8  is  shown  the  traveling  crane, 
which  has  a  span  of  110  ft.,  and  the  grab  bucket  of  214- 
tons  capacit}'.  Coal  is  delivered  in  railroad  cars  and 
dumped  from  the  trestle.  Fig.  1,  into  a  yard  with  a  stor- 
age capacity  of  9000  tons.  The  grab  bucket  dumps  the 
coal  into  an  electrically  controlled  traveling  coal  crusher, 
which  runs  on  rails  on  each  side  of  the  opening  above  the 
six  coal  hoppers.  After  crushing,  the  coal  falls  into  the 
hoppers  and  is  then  discharged  by  gravity  to  the  stokers. 

The  boilers  are  arranged  in  three  pairs  so  that  either 
set  can  supply  steam  to  either  turbine ;  in  fact,  the  plant 
is  laid  nut  on  the  unit  svsteni. 


At  the  rear  of  the  boilers  is  the  7-in.  main  steam 
header,  approximately  5  ft.  below  the  center  line  of  the 
steam  drums.  Saturated  steam  is  taken  from  the  three 
drums  on  each  boiler  to  the  superheater  connection 
through  a  7-in.  pipe,  the  outlet  pipe  to  the  header  being 
of  the  same  size.  A  stop  valve  in  the  main  header  be- 
tween each  set  of  two  boilers  permits  of  cutting  them  out 
without  interfering  with  the  operation  of  the  remain- 
ing boilers. 

Above  the  two  feed  pumps  is  a  7-in.  feed  main  from 
which  two  dtiplicate  feed  lines  run  to  two  7-in.  pipes, 
connecting  two  header  lines  of  the  same  size,  thus  giving 
two  sources  of  boiler  feeding  from  either  pump. 

The  generators  are  wound  for  2300  volts  and  the  volt- 
age is  stepped  up  by  two  banks  of  three  winding  trans- 
formers to  cither  22.000  volts  for  local  transmission  or 


Fig.  9.    Outdoor  Substation  at  the  Gadsden  Plant 
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PRINCIPAL  EQUIPMENT  OF  THE 
Size  Use 


Equipment  Kind 

Turbines Steam,  horizontal.   5000  kw Main  units 

Generators Alt.  current 5000  kw Main  units 

Turbine Steam 100  kw Dri\'ing  exciter 

Motor Induction 150  hp Driving  exciter 

Generators Direct  current.      .    100  kw Exciter 

Condensers.  ....  Surface 14,000  sq.ft.    .  With  main  units 

Turbines Steam,  horizontal Driv-ing        circulating 

pumps 

Pumps Tri-rotary 24  in Circulating  pumps. . . . 

Pumps .  Duplex 10x10x10  in. .  .  House  ser\'ice 

Turbines Single  stage Driving  hotwell  pumps 

Pumps Turbine 4  in Hotwell  pumps 

Heater Vacuum Boiler  feed  water 

Filter Jewell House  water 

Boilers Water-tube 600  hp Main  steam  genera- 
tors  

Stokers Mechanical S'7"xl2' Dutch  oven  furnaces. . 

Crane Travehng 2 J  tons Handling  coal  to  crush- 


GADSDEN  STEAM  POWER  PLANT 

Operating  Conditions 
l.SOO  r.p.m.,  condensing  185  lbs.  steam. 
1800  r.p.m.  2300  v.,  1570  amp.,  3  phase  60  cycle 

2400  r.p.m.  185  lb.  non-condensing 

880  r.p.m,  2200  v.,  3  phase,  60  cvclc   . 
800-2400  r.p.m.,  125  volt,  800  am,. 
28  to  29  in.  vacuum 


900 
900 
Intermittent 


185  lb.  stean 


Traveling . 


Crushing  coal. 


to  110,000  volts  for  the  high-tension  distribution.  The 
single-phase  transformers,  of  2100-Jiv.a.  capacity,  are  of 
the  outdoor  type,  as  are  tlie  oil  switches. 

The  lead-covered  cables  from  the  generators  are  car- 
ried through  the  concrete  floor  of  the  turbine  room  and 
are  hung  from  the  ceiling  of  the  basement  as  far  as  the 
slate  switchboard.  The  outgoing  lines  leave  the  station 
through  fiber  ducts  laid  in  concrete,  in  three  pairs  of 
three-phase  cables  to  the  transformers  at  the  outdoor  sub- 
station, Fig.  9,  about  400  ft.  from  the  power  house. 

All  the  control  switches  are  in  the  turbine  room.  The 
substation  takes  care  of  four   110,000-volt   transmission 
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lilies,  steps  up  tbe  voltage  from  vJoOii  to  cither  22,mO  or 
110,(100  volts  and  steps  down  the  I  Id, (inn  \olls  tran.smi.s- 
sion  \»ltage  to  22,000  or  2:500. 

At  present,  this  power  station  is  used  to  build  uji  the 
load  for  the  hydro-electric  plant  at  Lock  12.  When  this 
station  is  in  operation,  the  steam  plant  will  be  used  as  a 
reserve  and  operate  about  T)  per  cent,  of  the  time.     All 


Maker 
CJeneral  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
General  Electric  C^o. 
Henry  R.  Worthington 

Terry  Steam  Turbine  Co. 
Henry  R.  Worthington 
Henry  R.  Worthington 
Terry  Steam  Turbine  Co. 
Henry  R.  Worthington 
Warren  Webster  &  Co. 
New     York-Continental-Jewell 

Filtration  Co. 
Babock  &  Wilcox  Co. 
Murphy  Iron  Works 

Vs  required  Toledo  Crane  Co. 

\s  required  .   Orten  Steinberg  Co. 

110,000-volt  substations  now  built  and  to  be  constructed 
are,  and  will  be,  of  the  outdoor  tvpe  of  3000-,  6000-  or 
10,000-kv.-a.  rating. 

As  in  all  uptodate  ]iower  stations,  a  record  is  kept  of 
the  station  performance.  The  daily  log  sheet  is  repro- 
duced in  Fig.  10  and  takes  care  of  all  items  of  impor- 
tance. 


A  rivet-set  retainer  for  pneumatic  riveters  is  made  by 
the  Ingersoll-Rand  Co.,  11  Broadway,  New  York  City. 
The  retainer  consists  of  a  single  piece  of  heavy  spring 
steel,  closely  wound  into  spiral  form.  One  end  fits  over 
the  outside  of  the  hammer  nozzle  and  hooks  over  a  pro- 
jection integral  with  the  nozzle.  The  other  end  is  wound 
to  a  smaller  diameter. 

Sets  for  rivets  over  %  in.  in  diameter  are  formed  with 
a  coarse  thread  and  are  simply  screwed  into  place.  Sets 
for  rivets  %.  in.  in  diameter  and  smaller  are  formed 
with  a  shoulder  and  are  slipped  into  the  retainer  while 
it  is  detached  from  the  hammer,  the  shoulder  holding 
it  in  ]ilace. 


Efflciency — The  efficiency  of  a  machine  is  the  rtaio  of  the 
useful  work  to  the  total  worlt.  For  example,  the  efficiency  of 
a  boiler  is  the  ratio  expressed  as  a  percentage  of  the  heat 
units  utilized  in  heating  the  water  and  raising  steam  to  the 
total  heat  units  generated  by  the  combustion  of  the  fuel. 


PeuDMylvniiia  C'onl  I'rodiictiou  in  l!>i:{  —  Tennsylvania 
mined  more  coal  in  1913,  both  anthracite  and  bituminous, 
than  in  any  previous  year  in  the  history  of  the  industry, 
according  to  a  statement  just  issued  by  the  United  States 
Geological  Survey  from  figures  compiled  by  E.  W.  Parker 
in  cooperation  with  State  officials.  The  production  reached 
the  enormous  total  of  26.''),306.139  short  tons,  valued  at  the 
mines  at  $388,220,933.  Of  this  91. .'524,927  tons  was  anthracite, 
valued  at  $195,181,127,  and  173.781,217  tons  was  bituminous 
or  soft  coal,  valued  at  $193,039,806.  The  total  tonnage  broke 
the  previous  record  for  1912  by  19.079,0.13  short  tons,  or 
nearl.v  8  per  cent.,  tire  proportionate  increase  being  about  the 
same  for  both  anthracite  and  bituminous.  The  Kain  in  the 
value  of  anthracite,  however,  was  $17,558,501,  or  about  10  per 
cent.,  over  1912  and  in  bituminous  coal  $23,669,309,  or  14  per 
cent.  The  total  gain  over  1912  was  $41,227,810,  or  nearly 
12  per  cent.  The  combined  production  exceeded  by  more 
than  20  per  cent,  the  total  production  of  the  United  .States 
in  1898,  only  15  years  previous.  It  exceeded  that  of  any 
other  country  in  the  world,  except  Great  Britain  and  Ger- 
many, and  approached  within  less  than  10  per  cent,  of  Ger- 
many's output.  It  was  nearly  five  times  the  production  of 
the  Austro-Hunsiirian  empire  nearly  six  times  that  of  France, 
nine  times  that  of  Russia  .and  Finland,  and  ten  timas  that 
of  Belgium.  It  was  equal  to  nearly  20  per  cent  of  the 
world's  total  production,  and  exceeded  th«  combined  output 
of  all  the  countries  of  the  world  other  than  Great  Britain, 
Germany,  and  the  United  States.  From  1829  to  and  including 
1900  I'ennsylvania  contributed  over  50  per  cent,  of  th«  total 
coal  produjction  of  the  United  States,  and  the  State  still  pro- 
duces  between    45    and    50    per    cent,    of   the    total. 
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'A  Lecttire  for  BeEiminieF^ 


llY   Chaklks    II.   ];h(i.\ili:y 


SYNOPSIS—A  si,iii>le  tmiliiiriit  of  liral.  Tells  llir  hr- 
ginner  irliat  he  iranis  to  know  abuul  lieiil  )i\  apjiheil 
chieflij  lo  boiler  practice.  Temperature,  sensilile  niul 
latent  heat,  xpecific  heat — all  are  e.rplaineil  in  the  he- 
(jinner'.f  laiiijuaye. 

As  tlir  lioiliT  is  :i  idiiibliiril  licnr  ut'iicratur  and  heal 
aljsdi-lier.  an  iiiHlcrslandint;'  uf  what  {\\v  unit  iiT  heal  is.  is 
essential  t(i  a  thorough  luulorstaiidijig-  of  hoikT  o|x'ra- 
tion.  Heat  is  a  form  of  energy  for  wliich  tliei-e  are  nu- 
merous explanations,  but  they  are  of  little  praetieal  value 
to  the  power-plant  man.  One  of  the  most  essential 
thijigs  for  him  to  know  is  that  the  standard  (piantity  or 
unit  of  heat  in  general  use  in  this  ((Jiiiitry  is  the  Jir}li.<l' 
thermal  unit  (abbreviated  B.t.u.).  In  practice,  tlii-; 
qiuinlittj  is  usually  considered  as  that  amount  of  heal 
required  to  raise  the  temperature  of  watt'r  one  degree'   K. 

Ti:m  iM:i;.\'ifi!i': 

"While  the  B.t.u.  is  the  <nianfitii  of  heat,  the  tempera- 
ture indicates  the  i/Nalili/  of  heat.     Due  hundreil  pounds 


,100  UB.  WATER  AT' 
I     IPODEQ.F. 


I'iG.  1.    Siio^\iX(;  -ruA-r  Ti:mp]:i!ATi;i!E  I.s  Xoi-  .\i.oxi-:  .v 

DlHlOCT     IXDICATIOX     OF    THE    AilOUXT    OK    HeAT 

IX   A   Body 

of  water  at  IdO  deg.  F.  contains  more  heat  tlian  (uic 
pound  of  water  at  200  deg.  One  body  of  water  is  twice 
as  hot  as  the  other,  but  it  did  not  take  as  much  heat  to 
make  it  that  hot  as  it  did  to  make  the  larger  body  one- 
half  as  hot;  see  Fig.  1.  TJemember  that  temperature  in- 
dicates only  lioir  hot  a  body  is:  it  does  not  tell  directly 
lioir   much   heat  there  is  in    it. 

Pressure,  of  cour.se,  has  a  good  deal  to  dcj  with  heat 
and  temperature  as  related  to  water.  For  instance,  as 
seen  from  Fig.  1,  there  is  much  more  heat  in  the  ](i(i 
lb.  of  water  at  1(H)  deg.  F.  than  there  is  in  the  one  pimnd 
of  water  which  is  at  200  deg.  F.  Suppose  we  had  the  1 
lb.  of  water  under  iOO-lb.  absolute  pressure — that  is. 
the  pressure  as  indicated  by  the  gage  plus  the  pressure 
of  the  atmospliere  or  l.j  lb.:  the  temperature  would  he 
-1-1:4.8  deg.  F.  The  one  jiound  of  water  would  i-ontain 
120S  B.t.u.  at  this  tem])eratur(_ — over  seven  times  as 
much  as  when  heated  to  'iOO  dog.  F. 

THEiiJioMiJTEi;   Scales 

The  measurements  of  temperature  as  we  make  them 
are  arbitrary.  They  are  made  to  suit  our  convenience,  as 
shown    by   the   three   standards    in    u.se ;    the   Fahrenheit 


>ialc.  which  is  mostly  usimI  in  engineering  calculations  in 
.Vmerica,  and  the  British  Isles,  and  according  to  which 
water  freezes  at  32  deg.  and  boils  at  212;  the  Centi- 
(jniile.  used  ujiiversally,  on  which  the  freezing  point  is  0 
di'U.  and  the  boiling  poini  100.  and  the  Uetiumur.  where 
the  freezing  point  is  ii  i]v\i.  and  the  lioiling  point  M> 
de-.      We  sIm.   then    that 

1   ile(i.    Fiihreiilieil   =    ;;   ile,j.    (  eiil iij rttile 
1    ileij.    Fiihrniheil   =    ,;   ilnj.    Hcininvr 

so    that    to   e\pi-ess    the   dill'erciit    scales    in    terms   of   one 

another  we  lia\ c  : 

Fnhrriiheit  deqreex  —  :!2  X  %  =   Ceiilitirade  dcfjvee-s 
Fdlireiilieil  (leijrees  —  Wl  X  %  =  Retiunnir  (leyree.'< 
Cetiliijntite  ileiirees  X   \   +  '-Vl    =   Fiihrrnheil  degrees 
lyi'diimiir  ilri/rees  X  ','  +  -I'-'  =  Fiih reiiliell  degrees 

.\iisoi.i  'n-:   Ti:.\ii'i;iiA'i't"i!E 

I'ut  a  cake  of  iic  in  a  room  where  the  tem])erature  is 
".'!)  deg.  helow  zero  and  the  ice  \\ill  e\entually  cool  off 
until  its  Icmperature  is  the  same  as  that  of  the  room; 
the  ice  will  '/"''  "/'  /"■"'  to  the  air  in  the  room.  We  see 
then  that,  although  ice  foi'ms  at  zim-o  degrees  on  the  ("en- 
tigrade  scale,  this  is  not  the  lowest  leniperatiire  that  a. 
body  may  attain;  it  is  not  the  temperature  at  which  there 
is  a  total  nlisrine  of  hcil.  not  ahsoliile  :ero  lieyoiid  which 
it  is  im]iossihle  to  cool  a  body.  Xeither  arc  the  zero 
points  on  other  thermometers:  man  puts  tlx'm  where  it 
is  conxcnieni,  hut  the  ahsolule  zero  lA'  temperature  is 
not  fixed  liy  man.  .Xature  lia\ing  established  it  for  man 
to  discover. 

Experiments  on  the  expansion  of  gases  ke]it  at  a  con- 
stant pressure  show  that  the  volumes  and  temperatures 
increase  and  decrease  jiroportionately ;  the  volume  in- 
creasing -jl^  for  each  degree  Centigrade  increa.se  in  tem- 
]ierature  and  dei  i'ea>ini;-  ^l-r  for  each  degree  Centigrade 
decrease  in  tcin])ei'atiirc. 

This  being  so.  we  see  that,  mil  III  I'lnallcalli/.  at  a  tem- 
perature of  — 21.'!  (leg.  ('.  or  — I.Mt.f  deg.  F.  (the  minus 
sign  means  iiegati\e,  means  below  zero),  the  v(jlume 
Would  disappear.  F\|ieriiiients  show  that  this  law,  called 
the  Law  of  Charles,  holds  tine  Mitliin  the  limits  which 
we  arc  aide  to  measure.  In  making  calculations  in 
thermodynamics  it  is  sometimes  desireil  to  use  the  ab- 
solute zero. 

Sexsii;li:  axd  Lati;x'1'  IIi:A'r 

It  is  inijiortant  in  lioiler  jiractice  to  know  liow  water  is 
alfectcd   by  heat.     M  the  temperature  id'  •")■.'  deg.   F..  wa- 
ter changes  from  a  solid  to  a  liipiid  or  from  a  li(piid  to  a 
solid;   ice  forms  or  melts;   it  is   a   iriliciit   temperature. 
To  melt   one  pound  of  ice  at  .'32   deg.  into  water  at  :52 1 
(leg..   Ill  heat   units  or  B.t.u. 's   must  be  applied   to  the 
ice;  and.  to  freeze  one  pound  at  32  deg.  into  ice  at  S'ij 
(leg.,   144   B.t.u.'s  must   be  taken  out  of  the  water, 
raise  the  temiierature  of  one  pound  of  water  from  32  tdj 
212    deg.,    "which    is    the    boiling    point    at    atmospheric [ 
]n-essure,  180  B.t.u.  must  be  absorbed,  and  to  cool  it  from! 
212  to  32  deg.,  180  li.l.u.  must  be  given  u])  by  the  wa-l 
ter.     To  cool  one  jiound  of  water  from  212  to  32   deg.,1 


An.irnst  4.   IHH 
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Bnt,  to  boil 
will  require 


OO  heatunrk  w:!!  be  reqj: red  io  raise 
The  'temperature  offhe  pound  of  vtcrt^r 
from  ■3?  io  212  deg-  F  or  the  boiling  point 


18(1  B.t.u.  must  be  taken  from  the   water. 
one  pound  at  '-Vi  deg.  into  steam  at  'i\i  deg.  will 
ISO  HJ.n.  +  !nn.4  B.t.u.   =   ll.-)(i.4  7^./.;;. 

Eemember  that  this  is  uliovi'  -iJ  dfi/.  F.  and  not  above 
the  thermometer  zero  or  the  absolute  zero. 

Xotice  that  tlie  steam  is  no  hotter  than  the  water  from 
wliich  it  was  ]3roduced  after  the  water  reached  212  deg., 
although  it  took  over  5.3  times  as  muoh  heat  to  turn  it 
into  steam  as  it  did  to  raise  its  temperature  from  32 
deg.  to  212  deg. 

The  mercury  in  a  thermometer  placed  in  the  water 
while  it  was  being  heated  from  32  to  212  deg.,  or  the 
boiling  point,  would  have  risen  from  32  to  212  deg.  You 
could  sec  the  water  getting  hotter;  the  tliermometer 
wcndd  show  that  it  was  absorbing  heal.  Hut,  after  212 
<\<ig.  had  been  reached,  and,  although  heat  were  still  ap- 
plied to  the  water,  a  thermometer  would  not  show  anv 
increase  in  temperature  even  though  all  the  water  was 
boiled  into  steam,  and  we 
know  that  over  five  times  as 
nuich  heat  was  needed  to 
make  steam  of  the  water  as 
was  necessarv  to  get  the 
water  ready  to  make  steam. 
Neither  would  a  thermometer 
.'■how  that  it  re(]uired  any 
heat  to  melt  ice  at  32  deg. 
into  water  at  32  deg.,  or  to 
cool  water  at  32  deg.  into  ice 
at  the  same  temperature. 

We  have  just  considered 
the  two  kinds  of  heat  known 
as  sensible  and  latent  heat. 
Sensible  heat  was  that 
amount  of  heat  applied  to 
the  water  to  raise  its  tem- 
])erature  from  3i2  to  212  deg. 
or  the  temperature  at  which 
steam  began  to  t'orni.  It  was 
sensible — i.e..  it  was  appar- 
ent to  the  senses;  in  this 
ca.«e.  the  sen.se  of  sight  when  we  saw  the  mercury  rise  in 
the  thermometer.  The  relative  amounts  of  these  two 
kinds  of  heat  are  shown  in  Fig.  2. 

The  heat  re((uired  to  make  steam  ot  the  water  at  212 
deg.  wa.s  not  apparent  to  the  senses,  except  that  we 
could  see  the  steam  escajje  as  it  was  iinide,  but  we  could 
not  detect  tlie  added  heat  by  the  aid  of  a  thermometer  or 
by  feeling  the  water.  The  heat  was  latent,  and  that  is 
what  is  meant  when  lair n I  iiriil  of  rtijioriziillon  is  men- 
tioned. Tt  is  the  heat  n'(|uired  tn  turn  a  lifpiiil  into  a 
gas  witlujut  (  liauge  of  temperature.  To  boil  iuto  steam 
a  jiound  of  water  at  ;i2  deg.,  then,  re(|uires  ISO  B.t.u.  of 
sensible  heat  and  97(1.4  B.t.n.  of  latent  heat,  or  a  total  of 
1150.4  B.t.u.  And  this  latter  amount  is  what  is  meant 
when  lolal  lira!  or  lolal  heal  iif  llir  ■■<l<'nui  is  spoken  of, 
as  in  the  steam  tables.     JmIouI  licnl  of  fii.-ioii  is  the  heat 


the  mechanical  eijuiraleni  of  heat,  beeau.se  with  a  perfect 
apparatus  it  would  take  the  same  amount  of  energy  to 
raise  the  weight  ui>  to  the  shelf,  as  it  would  to  raise 
the  temjierature  of  luic  ]i(uind  of  water  one  degree  Fah- 
ieuheit. 

So,  when  it  is  desired  to  express  heat  energy  in  terms 
of  mechanical  enei-gv.  we  ha\e 

Mechiiiileal  ciirr<jij  =   heut  energij  or  B.t.u.   X    -"■'^ 
and 

mechanical  energy 

778 


heaf  t'ni'fijij  ar  ll.f.ii. 


If  a   steam  plant   could   use  all   the   heat    in   tlu    coal 

it  received,  then  all  of  this  heat  would  be  converted  into 

work  at  the  engine  shaft.     Thus,  from  a  pound  of  coal 

containing   14,5(10   heat  units  per  pound,   we  would   get 

14.500  X   77S  =   11.281,000  foot-phuiiiL-f 

me(4ianical  energy. 


.   2.     Ml()WlX(i   Till 

TO  Boh.   a  J'orxn 


that  must  be  taken  from  a 
out  change  of  temperatun 
freezes  into  ice. 

Tin:  Mi:(ir.\\i(  Ai, 


<|uid  to  make  it  s- 


lifv  with- 
t  32  de-    F. 


.i.Aiivi:  A.\i(ir\is  oi-  Sk.vsibi.i:   .•.nd  Latknt  .Vi^koku 
)F  Wa'it:!;  into  Stiia.m  at  Ar.Mosi'Hi;i;ic   Pi;Kssti;K 

The  plant  makes  usi'  <,(  but  very  little  of  all  the 
heat  in  the  coal.  The  boiler,  if  handled  well,  will  ad 
vantageously  use,  say,  SO  per  cent.,  or 

14,500  "x  O.SO  =  11,600  B.t.u. 
Xow  of  this  the  engine,  which  we  will  assume  is  a  good 
compound  coudensing  one,  will  turn  into  work,  say,  1!> 
]>cr  cent,  of  all  the  heat  it  receives,  which  in  this  case 
we  assume  to  be  ll,(;oo  B.t.u.  for  eai  h  pound  of  cor.l 
burned  in  the  boiler. 

n.(ioO   X   0.1!)   =   220  1    /,',/.». 

l''or  t-Ar\\  pound  of  coal  burned  coiilaining  I  l.5oo 
B.i.u.  (here  is  available  at  the  engine  shaft  only  2204 
l>-t-u.  The  amount  of  heat  turned  into  useful  work 
midtiplied  by  100  and  divided  by  the  heat  in  the  I'oal 
giv<'s  the  ])ercenlage  of  the  total  available  heat  in  the  coal 
that  was  tuined  into  work,  or 
2204  X  100 


1 1  v.. 


oue-pound  wei^ 
lund,   it   Would 


it    fel 
■itriki 


illVAIj:Nl' 

from  a  shelf  778  feet   from 
the   trrounil    with    778   foot- 


Aiid    tins 
lilaul. 


11,5(1(1 
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pounds  of  energy.     'I'his  number  of  foot-pounds  is  calleil 


Von  cannot  soak  up  as  much  water  with  a  wad  of  paper 
as  with  a  sponge  of  e<|ual  volume.     Neither  will  a  granite 
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block  soak  up  as  much  as  an  ordinary  red  brick.  And 
so  on  with  various  substances;  their  capacities  for  ab- 
sorbing liquids  are  not  the  same. 

The  capacities  of  different  substances  for  absorbing 
heat  vary  in  the  same  way.  If  you  put  one  heat  unit  into 
a  pound  of  water,  which  is  at,  say,  63  deg.  F.,  you  raise 
its  temperature  one  degree,  or  to  63  deg.  F.  If  you  put 
the  same  amount  of  heat  into  a  pound  of  silver,  its  tem- 
perature will  increase  18.1  deg.  F.,  and  for  lead  it  would 
increase  the  temperature  33  deg. ;  for  copper,  10.75  cleg. ; 
for  ammonia,  0.99  deg.,  and  so  on,  each  substance  hav- 
ing its  own  peculiar  capacity  for  absorbing  heat  to  pro- 
duce a  given  rise  in  temperature.  This  is  shown  in 
Fig.  3.  This  capacity  is  called  the  specific  heat  of  a 
substance,  because  that  amount  will  produce  a  tempera- 
ture change  in  a  given  substance  that  it  will  not  produce 
on  any  other;  it  is  specific  for  that  substance.  Specific 
heat,  then,  is  the  heat  energy  required  to  raise  a  unit 
weight  of  matter  1  deg.  as  compared  with  the  heat  needed, 
to  raise  a  unit  weight  of  water  1  deg. 

In  order  to  compare  the  heat  required  to  produce  an 


TSaes'tnaofeedl  Feec 


Showing  honihe  iemperature  of  substances  of  equal  weight 
isaffecfed  ty causing eacfjio absorb  oneheaf  unit  Notice 
that  the  same  amount  of  heat  thatwill  raise  the  temperature 
of  lead  63  deg.  F  will  not  raise  the  temperature  of  ammonia 
quite  ideg.F 


specific  heat  = 


Fig.  3.    Showixg   What   Specific   Heat   Means 


increase  of  1  deg.  in  some  substance,  we  use  water  as  a 
standard,  for  water  is  in  common  use  and  requires  one 
heat  unit  to  produce  an  increase  of  one  degree;  its 
specific  heat  is  1,  or  unity.  As  used  in  engineering  cal- 
culations, specific  heat  is  a  ratio;  it  expresses  the  re- 
lation that  exists  between  two  quantities,  as 

heat  required  to  raise  1  Ih.  of  matter  1  cleg. 

heat  required  to  raise  1  lb.  water  1  deg. 

Application  of  Specific  Heat 
In   engineering   it    often   is    important   to   know   how 
much  heat  is  required  to  increase  the  temperature  of  a 
substance  one  degree,  to  know  its  specific  heat. 

For  example,  it  is  desired  to  know  how  much  heat 
is  carried  away  by  the  fiue  gases  per  pound  of  fuel 
burned.  The  specific  heat  of  flue  gas  is  generally  taken 
as  0.24 — i.e.,  it  takes  0.24  B.t.u.  to  heat  a  pound  of  flue 
gas  one  degree.  So  to  find  the  heat  lost  in  the  flue 
gases,  we  multiply  the  weight  of  gas  made  by  a  pound  of 
fuel  by  the  specific  heat,  or  0.24,  and  then  multiply 
this  product  by  the  difference  in  temperature  between 
the  gases  leaving  the  boiler  and  the  air  entering  the 
furnace.  The  same  general  method  applies  for  finding 
the  amount  of  heat  absorbed  or  given  up  by  any  sub- 
stance. 


A  new  design  of  feed-water  regulator  which  operates 
solely  by  the  water  level,  independently  of  the  pressure 
of  the  steam  or  temperature  of  the  feed,  is  illustrated 
herewith.  The  apparatus  consists  of  the  regulator, 
which  is  attached  to  the  boiler  or  water  column,  and  the 
regulating  valve  piped  in  the  feed-water  line. 

The  regulator  is  a  cast-iron  body  with  a  water  con- 
nection at  the  bottom  and  a  steam  connection  near  the 
top,  at  the  side.  A  ball  float  on  the  interior  is  secured  to 
toggle  levers  and  a  control  valve.  Above  this  valve  is  a 
connection  with  a  pipe  running  to  the  top  of  the  regu- 
lating valve.  The  control  valve  consists  of  a  single  disk 
operating  between  two  seats.  The  valve  and  seats  are. 
embodied  in  one  unit,  screwed  onto  the  stem  reaching 
from  the  toggle  in  the  float  chamber  to  the  top  of  the 
vertical  spindle.  The  valve  and  seats  together  can  be 
taken  out  for  cleaning  without  trouble,  and  with  the 
hermetically  sealed  spun-copper  ball  float,  constitute  the 
moving  mechanism  controlling 
the  regulation  feed  valve  con- 
nected to  it  by  a  y^^-^n.  pipe. 
The  valve  D  in  the  pipe  con- 
necting the  regulator  with  the 
regulating  valve  is  made  with 
an  upper  and  lower  seat, 
either  of  which  can  be  reached 
by  the  valve  disk  by  turning 
the  spindle  anti-clockwise,  that 
is,  to  the  left,  or  clockwise,  to 
the  right.  In  the  first  case, 
steam  communication  from 
the  float  chamber  to  the  regu- 
lating valve  is  obtained,  and  in 
the  latter  the  regulating  valve 
is  put  in  communication  with 
the  atmosphere  and  is,  there- j 
fore,  out  of  control. 
This  valve  must  always  be  on  one  or  the  other  of  the 
seats  and  not  in  an  intermediate  position.  The  illustra- 
tion will  show  how  it  operates.  When  the  double  valve  isi 
on  the  upper  seat,  the  cylinder  E  is  put  into  communica-!. 
tion  with  the  control  valve  F,  and  the  thermofeed  is  in 
commission ;  when  the  double  value  is  on  the  under  seat, 
the  cylinder  E  is  in  connection  with  the  atmospher^ 
through  the  vent  G.  This  puts  the  regulator  out  of  ac- 
tion and  leaves  the  automatic  flow-regulating  valve  open. 
The  double-seat  valve  F  performs  the  main  function  ol 
the  apparatus  and  is  attached  by  a  rod  H  to  the  floai 
through  toggle  levers  so  disposed  as  to  reverse  the  di- 
rection of  motion.  Any  movement  of  the  float  is  di- 
minished as  10  is  to  1,  and  the  motion  is  transmitted 
through  the  toggle  and  the  rod  to  the  valve  F. 

If  the  water  level  and  the  float  fall,  the  valve  F  ii 
moved  to  its  lower  seat,  closing  any  exit  of  steaiB 
through  it  and  simultaneously  putting  the  cylinder  £ 
in  direct  communication  to  the  atmosphere  by  way  of  the 
ports  in  J  and  the  exhaust  pipe  A'.  If  the  water  leveJi 
and  the  float  rise,  the  valve  F  is  pulled  downward  on  itt 
upper  seat,  thus  permitting  the  passage  of  steam  througl 
the  lower  valve  onto  the  piston  in  the  cylinder  E,  am 
in  this  way  gradually  depressing  the  main  regulatiu: 
valve  L  onto  its  seat.    The  controlling  mechanism  in  tin 


I 


August  4,  1914 


P  0  W  E  E 


165 


[oat  ehaniljer  is  attached  to  the  sleeve  M  and  can  be 
aised  or  lo^yel•ed  by  turning  a  nut  when  in  action,  thus 
lermitting  of  adjustment  for  any  permanent  water  level. 

The  relay  or  controlling  valve  is  far  removed  from  the 
rater  level,  and  no  dirt  or  sediment  can  reach  it.  The 
rorkiug  parts  are  all  of  non-oxidizable  metal. 

This  regulator,  which  is  being  introduced  in  this  coun- 
ry  by  the  American  Steam  Gauge  &  Valve  Manufactur- 


Uetails  of  Thehmofeed  Feed-Wateh  Reuulator 


ing  Co.,  Boston,  Mass.,  is  designed  to  maintain  a  uni- 
form level  with  a  variation  not  exceeding  I/4  in.  for  a 
water-tube  boiler,  and  to  give  a  practically  constant  feed. 
The  piston  of  the  regulating  valve  is  packed  with  S.  E. 
A.  ring  rubber  and  asbestos  composition  packing,  as  is 
also  the  stufflng-box  between  the  water  valve  and  the 
upper  part  of  the  regulator.  The  spring  on  the  outside 
of  the  piston  E  is  adjustable,  and  made  in  square  sec- 
tions of  cast  steel. 


Flessatls^IlEIc  FSsiiras 


The  illustration  shows  two  tyj^es  of  gasket,  one  suit- 
able for  flange  joints  and  tube  caps,  the  other  for  water- 
tube  boiler  caps  only.  The  flange  gasket  is  made  up  of 
plies  of  waterproof  asbestos  and  monel  metal,  built  up 
at  right  angles  to  the  line  of  pressure  in  one  interlocking 
length,  beginning  on  the  inside  and  ending  on  the  out- 
side of  the  gasket.  This  construction,  shown  at  the  left 
of  the  illustration,  eliminates  the  possibility  of  the  gas- 
ket blowing  out,  it  does  not  stick  to  the  flange  surface, 
and  it  can  be  used  with  superheated  steam,  water,  oil, 
gas,  air,  ammonia,  acids,  chemicals,  etc. 

This  gasket,  made  by  the  Flexitallic  Gasket  Co.,  Real 
Estate  Trust  Bldg.,  Philadelphia,  Penn.,  is  guaranteed 
to  stop  all  leaks  and  to  remain  tight  when  used  with 
rough  surfaces  or  on  pipe  lines  subject  to  vibration. 
When  once  in  place  there  is  no  following  u]),  because 
the  gasket  takes  care  of  tlie  expansion  and  contraction 
and  can  be  used  over  and  over  again. 

Another  kind  of  tube-cap  gasket  is  made  of  metal  and 
waterproof-treated  asbestos  in  the  shajie  of  a  reversed 
S.  The  length  of  treated  asbestos  is  placed  in  the  space 
formed  by  the  curved  ends,  which  are  beaded  over  the 
asbestos.  The  completed  gasket  is  shown  at  tlie  rigid 
of  the  illustration  and  is  to  be  used  but  once. 


Flexitallic  (^a.skets  you  Pipe  Flanoe.s  and  Boileii  Caj's 
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By    OsBOKX   MoNNETTf 

SYNOPSIS — .1    brief   outline  of   the   construction   and  The    McMillan    furnace.   sho\\Ti   in   Fig.    2,  is   a   pro- 

the  principal  diniensions  of  the  settings.  prietarv  furnace  corresponding  with  the  ideas  previously 

V  advanced.      It   consists   of  a   single-span,   firebrick   arch. 

One  of   the   latest   furnaces  perfected   by   the   C'liicago  which   extends   from    tlie   back   edge   of    the   bridge-wall 

Dc])artnient   of    Smoke    Inspection    is   shown   in    Fig.    1.  forward,  covering  half  the  grates.      Back  of  the  bridge- 


LOt^GlTUDINAL    SECTION    V-V 


CROSS  SECTION  X-X 


CPOSS  SECTION  Y-Y 


sectional  plan  2-z 
Fig.  1.    The  Depaktmkxt  Xo.  8  Furxack 

It  is  known  as  Xo.  8  and  is  of  simple  construction,  con- 
sisting of  a  V-pier  extending  from  the  bottom  of  the 
combustion  chamber  up  to  the  shell  of  the  boiler  and 
has  two  wing  walls  tied  into  the  side  walls  of  the  fur- 
nace. The  gases  are  thus  deflected  twice  against  hot 
brickwork  and  squeezed  between  the  two  wing  walls  be- 
fore they  pass  to  the  combustion  cliamber.  In  this  way 
the  gases  are  thoroughly  mixed  and  the  temperature  is 
found  to  be  high  enough  for  ignition  even  without  arches. 
The  steam  Jets  and  panel  doors  are  the  same  in  this  fur- 
nace as  in  the  double-arch,  bridge-wall  furnace  described 
in  the  issue  of  July  28,  19U.  It  will  be  noticed  that 
the  side  walls  contain  no  air  space;  they  are  made  solid 
to  conform  with  the  latest  practice. 

In  this  furnace  an  area  of  25  per  cent,  of  that  of  the 
grate  surface  should  be  allowed  over  the  bridge-wall; 
121/2  per  cent,  of  the  grate  area  should  be  allowed  for 
each  gas  pass  around  the  Y-pier.  The  free  opening  be- 
tween the  wing  walls  should  be  not  less  than  40  per  cent, 
of  the  grate  surface.  These  proportions  give  a  furnace 
which  works  satisfactorily  for  ordinary  power  loads. 


wall  is  a  V-pier  and  wing  walls  which  mix  the 
gases  much  in  the  same  way  as  the  Xo.  8  furnace. 
The  furnace  is  ef|uipped  with  panel  doors  and  has 
in  addition  to  this  a  special  series  of  air-admis- 
^'V  sion  ducts  along  the  side  of  the  furnace  from  the 
front  extending  back  to  the  bridge-wall.  This 
air  admission  is  controllable  by  dampers  in  the 
side  walls  and  can  be  adjusted  to  meet  the  condi- 
tions. The  dimensions  given  in  the  drawings  ap- 
ply only  to  a  fi6-in.  by  16-ft.  boiler. 

Twix  Fire  Arch 

Another  patented  furnace  whuli  has  been  successful 
in  running  without  dense  smoke  is  the  twin  fire-arch  fur- 
nace shown  in  Fig.  3.  This  furnace,  with  the  two  just 
described,  provides  for  direct  radiation  of  the  heat  into 
the  boiler  and  a  high-temperature  zone  over  the  bridge- 
wall,  with  a  deflection  arch  as  before.  The  peculiarities 
of  the  furnace  are  as  follows: 


•Copyright,   1914.   by  Osborn   Monne 
tSmoke  inspector,  city  of  Chicago. 


Fig.  2.    The  McMillax  Furxace 
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Twix    Fire-Arch   Furxace 


Starting  with  the  fire-doors,  which  are  equipped  with 
panels  according  to  the  latest  specifications,  the  grates 
are  of  the  rocking-shaking  type,  and  the  arches  over  the 
fire  are  in  two  spans,  or  of  the  twin  fire-arch  type.  Over 
the  bridge-wall  there  is  a  single-span  arch  with  a  wing- 
wall  construction  which  contracts  the  flow  of  gases  as 
they  emerge  from  the  twin  arches.  The  gases  next  come 
in  contact  with  the  Y-pier  and  are  thoroughly  mixed. 
A  double-span  arch  was  formerly  used  in  place  of  the 
V-pier,  but  the  former  kept  the  gases  awav  from  the 
shell. 


Prodl^cer  foir  IBtunriraiini^   IR.eira3se 

The  illustration  shows  the  Kynoch  suction-gas  pro- 
ducer now  used  extensively  in  .Vustralia  and  New  Zea- 
land, where  there  is  an  aljuiidance  of  cheap  wood  an<l 
low-grade  coals. 

It  is  of  the  down-draft  type,  with  a  Jacket  from  which 
heated  air  is  drawn  into  the  fire  through  special  auxil- 
liary  air  ports.  The  fuel  in  the  upper  part  of  the  bed 
is  partly  burned,  giving  off  its  volatile  constituents. 
The  extra  air  drawn  in  through  the  ports  creates  an  in- 
tensely hot  zone  in  the  fire,  and  as  the  gas  containing 
the  volatile  matter  from  tlie  partly  burned  fuel  is  drawn 
thrnigh  this  hot  zone  by  the  suction  of  tiie  engine,  the 
tar  is  s])Iit  up,  thus  eliminating  the  necessity  of  a  me- 
chanical tar  extractor.  The  auxiliary  air  ports  are  ad- 
justable, so  that  the  retjuired  extra  air  can  be  regulated 
to  , wit  the  (piality  of  fuel  iirul  buid  coinlitioiis.     The  fuel 


SErrioN   I'HKorGii  Producer 

is  fed  from  the  top,  no  hopper  valve  being  necessary,  and 
the  condition  of  the  fire  can  be  kept  under  constant 
observation. 

Recently  a  series  of  full-load  tests  was  carried  out  on 
"ood  and  other  fuels  obtainable  in  Australia,  the  fuel 
burned  per  horsepower-hour  being  reported  as  follows: 

Per 
Horsepower- 
Hour,  I^b. 

2.3 

2.2 

2.15 

2.40 

1.2 

1.8 

3.13 

2.31 


Salmon   sum    

Mulf^a  scrub    

Rox  blocks 

Jarrah   sawdust  and  shavings 

CoIIIp  coal    

Brown  coal    (46   per  cent,   moisture). 

.Spent    tan    bark 

Pine  shavings  and   blocks 


Tonsidering  that  the  majority  of  the  above  materials 
are  of  low  price,  and  in  some  cases  are  simply  waste 
products.   Ilie   econoniv   in   operation   is  evident. 
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By  F.  a.  Axxett 


An  open  circuit  in  the  field  coils  of  a  motor  may  pro- 
duce several  different  effects,  depending  upon  the  condi- 
tion under  which  it  occurs  and  the  type  of  motor.  If 
series  wound,  the  motor  cannot  start,  for  the  field  wind- 
ing is  in  series  with  the  armature,  as  will  be  seen  by  re- 
ferring to  Fig.  1,  where  the  field  coil  C  is  open  at  X  and 
no  current  can  flow  through  the  motor. 

In  the  shunt  motor  the  field  and  armature  windings 
form  tAvo  independent  circuits;  therefore  an  open-circuit 
in  the  field  coils  will  not  interrupt  the  current  flowing 


A  simple  method  of  testing  for  an  open  field  where 
shunt  or  compound  motor  has  been  operating  proper 
and  suddenly  develops  trouble  is:  First,  discomiect  tl 
armature  connection  on  the  starting  box,  as  shown  i 
Fig.  3,  and  move  the  starting  handle  upon  the  first  coi 
tact.  If  the  field  circuit  is  complete  when  the  arm  is  a 
lowed  to  drop  to  the  off  position  or  the  switch  is  opened, 
severe  spark  will  occur  at  the  contact;  if  the  field  circu 
is  open,  there  will  be  no  spark.  The  break  in  the  fie) 
circuit  mav  occur  anvwhere  from  the  first  contact  on  tl 


How  TO  Test  for  Opp;x  Cirocit  in  Field  Coils 


in  the  armature;  see  Fig.  2.  In  this  type  of  machine  a 
break  in  the  field  circuit  may  produce  any  of  the  follow- 
ing effects :  The  motor,  if  not  loaded,  will  start  if  the 
brushes  are  not  set  at  the  neutral  point.  The  direction 
of  rotation  will  depend  iipon  the  setting  of  the  brushes, 
but  the  motor  will  race  and  spark,  and  if  an  attempt  is 
made  to  cut  out  all  the  starting  resistance,  the  fuses  will 
blow,  or  the  circuit-breaker  will  open  and  there  is  likely 
to  be  burning  at  the  commutator  and  brushes.  If  the 
machine  is  loaded,  it  will  not  start,  and  if  the  starting 
resistance  is  cut  out,  the  fuses  will  be  blown.  With  the 
brushes  set  on  neutral,  the  machine  will  not  start,  but  if 
they  are  given  a  backward  lead,  the  armature  will  turn 
in  the  opposite  direction. 


starting  box  around  to  the  line  connection  on  the  motoi 
After  determining  that  the  field  circuit  is  open,  it  is  neo 
essary  to  find  out  whether  the  break  is  in  the  motor,  th( 
external  wiring,  or  the  starting  box. 

A  test  may  be  made  for  a  break  in  the  external  circuii 
by  opening  the  armature  connection  at  the  starting  box 
placing  the  arm  on  the  first  contact,  as  before,  and  con- 
necting a  lamp  across  the  field  connection  on  the  motor, 
as  in  Fig.  4.  If  the  lamp  lights,  the  field  circuit  out- 
side the  motor  is  complete,  as  indicated  by  the  arrow- 
heads. 

After  it  has  been  found  that  the  break  is  in  the  field 
winding,  inspect  the  connections  between  the  field  ciuls 
to  see  that  none  is  broken  or  loose.    After  these  are  foiMid  ! 
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to  1)0  ill  good  condition,  the  defective  field  coil  may  be 
located  as  shown  in  Fig.  5.  Place  the  starting-box  arm 
on  the  first  contact  and  connect  one  terminal  of  the  test 
lamp  to  one  of  the  field  tenninals  of  the  motor;  in  this 
case  to  F^.  With  the  other  lamp  terminal  make  connec- 
tion between  coils  A  and  B,  as  indicated  by  the  dotted 
line.  In  this  position  the  lamp  will  not  light  for  the 
circuit  is  open  at  X  in  coil  C.  Next  connect  the  free 
lead  of  the  lamp  between  coils  B  and  C,  also  indicated  by 
the  dotted  line;  again,  it  will  not  light.  However,  when 
connection  is  made  between  coils  C  and  D,  as  shown  by 
the  solid  line,  the  lamp  will  light,  for  now  the  open  coil 
has  been  bridged.  Since  the  lamp  will  not  light  between 
coils  B  and  ('  but  will  light  between  coils  C  and  D,  it 
shows  that  coil  C  is  open-circuited.  Wiere  a  test  lamp 
is  not  at  hand,  a  piece  of  wire  may  be  used  to  bridge  one 
coil  at  a  time,  as  shown  in  Fig.  6.  First,  short-circuit 
one  coil  as  indicated  by  the  clotted  line  at  A,  then  close 
and  open  the  switch.  If  a  spark  occurs  when  the  switch 
is  opened,  the  open  coil  has  been  bridged.  In  this  ease, 
however,  it  does  not  occur  until  coil  C  has  been  short- 
circuited,  as  shown  by  the  full  line.  After  the  open  coil 
has   been    located    it  should   be   disconnected   and   again 


tested  thiwigh  with  a  lamp  to  be  absolutely  sure  that  it 
is  defective. 

The  open  circuit  often  occurs  where  the  leads  are  con- 
nected to  the  coil  winding:  this  may  be  easily  located  and 
repaired.  After  the  coil  has  been  opened  up  it  should 
be  tested  back  of  the  splices  where  the  coil  connects  to 
the  leads  to  make  sure  that  the  trouble  is  in  the  coil  it- 
self. In  many  cases,  especially  where  the  coils  are  not 
wound  on  a  spool,  the  open-circuit  can  be  located  and  re- 
paired without  rewinding  the  coil,  for  if  not  found  at 
the  points  mentioned,  it  usually  can  be  located  in  the 
coil  itself  by  a  burned  spot  on  the  insulation  caused  by 
arcing  when  the  coil  opened. 

An  open-circuit  in  the  shunt  field  of  a  compound  motor 
will  have  practically  the  same  effect  as  in  the  shunt  motor, 
except  that  the  motor  will  usually  start  whether  loaded  or 
not,  as  the  series  field  will  provide  sufficient  torque  to 
start  under  full  load,  but  the  machine  will  usually  race  in 
either  case.  The  break  in  the  shunt  field  may  be  located 
in  the  same  manner  as  described  for  the  shunt  machine. 
An  open-circuit  in  the  series  field  will  cause  the  machine 
to  fail  to  start  in  the  same  way  as  described  for  the  series 
motor  in  Fig.  1. 
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By  L.  D.  Allen* 


SYA^OPSIS — Selecting  an  oil;  its  value  as  compared  to 
grease,  tested  and  filtered  oils,  Pennsylvania  and  South- 
western  crudes;  simple  engine-room  tests  and  specifi- 
cations of  oils  for  different  uses. 

'M 

"If  the  salt  has  lost  its  savor,  wherewith  shall  it  be 
salted  ?"  This  briefly  illustrates  conditions  as  to  quality 
that  seem  to  have  prevailed  to  a  considerable  extent  in 
the  oil  and  grease  business.  If  the  lubricant  has  lost,  or 
rather  had  taken  from  it,  its  oiliness,  wherewith  shall 
it  be  oily?  The  man  who  pays  the  bills  usually  knows 
little,  outside  of  shop  reports  to  the  effect  that  "it  seems 
to  be  all  right,"  concerning  the  economic  qualities  of  the 
lubricants  for  which  he  is  paying.  His  caution  seems  to 
have  stopped  with  having  made  up  his  mind  that  so  long 
as  he  receives  no  complaints  he  will  not  consider  other 
propositions  offering  a  higher  grade  of  lubricant  at  the 
same  price  he  has  been  paying,  or  the  same  quality  that 
he  has  been  using  at  a  lower  cost.  It  not  infrequently 
proves  that  a  better  grade  at  a  higher  price  is,  in  the 
end,  the  most  (uonomical. 

There  is  really  little  that  the  small  user  can  do  other 
than  depend  on  the  ex]ierieiici'  and  reliability  of  the 
party  from  whom  he  purchases  his  oil.  In  the  engine 
rooms  of  many  small  plants,  however,  there  are  men  in 
charge  whose  long  experience  in  the  use  of  lubricants 
enables  them  to  judge  closely  as  to  whether  they  are  get- 
ting good  results.  In  the  case  of  large  consumers  it  is 
different.  Here,  practical  shop  tt^sts  can  be  conducted 
with  a  view  to  reducing  friction  and  conserving  horse- 
power to  an  extent  conTi)ensatiiig  the  time  and  outlay. 
As  new  materials  are  constantly  being  developed,  and  as 
a  knowledge  of  their  manufacture  and  uses  is  constantly 
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increasing,  the  conclusions  of  any  one  test  should  not  be 
considered  final.  The  tests  should  be  repeated  from  time 
to  time  when  conditions  seem  to  warrant  it. 

Selecting  an  Oil 

Standards  are  constantly  changing  so  rapidly  in  some 
lines  that  the  ideas  and  specifications  of  a  year  or  two 
ago  must  be  modified,  or  perhaps  discarded  for  some- 
thing different.  Up  to  within  the  past  two  years  it  has 
been  customary  to  judge  the  <iuality  and  bearing  value  of 
oils  by  their  gravity,  flash,  fire,  cold  and  viscosity  tests. 
Crudes,  however,  with  their  different  general  chemical 
and  physical  characteristics,  are  being  produced  in  dif- 
ferent sections  of  the  country  that  now  prove  the  pur- 
chase of  oils  on  a  specification  basis  to  be  unreliable.  In 
other  words,  due  to  changes  in  the  oil  industry,  and  the 
properties  and  characteristics  of  new  crudes,  the  old 
specification  methods  are  becoming  obsolete  and  cannot 
be  depended  upon  to  give  the  buyer  proper  values  for 
his  particular  bearing  requirements.  Information  as  to 
gravity,  flash,  fire,  cold  and  viscosity  tests  is  not  with- 
out value,  however,  in  compMring  oils  produced  frdin  llic 
same  crudes. 

With  this  new  order  of  things  in  the  oil  lino  comes  a 
revival  of  the  old  adage  that  "The  ])ro(>f  of  the  pudding 
is  in  the  eating."  Tln'  rciil  vnliie  of  a  lubricant  .should 
now  be  determined  by  what  it  shows  in  the  plant  where 
its  use  i.s  being  considered.     The.so  requirements  are: 

The  oil  must  show  sufficient  body  to  keep  the  bearing 
surfaces  apart  at  the  load,  speed  and  temperature  at 
which  these  bearings  run.  It  is  desirable  to  know  how 
low  a  coetticieiit  of  friction  it  shows  compared  with  an- 
other oil  in  the  same  bearing  and  under  the  same  condi- 
tions. The  flash  point  must  be  siidicicntly  high  (o  meet 
the  temjieratiire   requirements  of   the   hearing,   otherwise 
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reduced  lubrication  and  loss  by  evaporation  is  the  result. 
The  oil  must  show  proper  lubricating  fluidity  at  as  low  a 
temperature  as  it  will  be  compelled  to  work  under.  It 
should  show  no  tendency  to  decompose  or  to  form  de- 
posits or  gummy  conditions,  and  it  must  contain  no  in- 
gredient that  will  corrode  or  pit  the  bearing  surfaces. 
The  oil  .should  be  bought  from  a  source  that  will  insure 
maintenance  of  the  standard  adopted. 

Few  consumers  are  aware  that  practically  all  of  the 
oil  and  grease  dealers,  and  many  so  called  refiners  and 
grease  manufacturers,  are  really  securing  the  most,  if 
not  all,  of  their  products  from  a  few  large  refiners,  al- 
though many  of  these  refiners  are  in  direct  competition 
with  some  of  the  dealers  who  purchase  their  products. 
It  is  a  wheel  within  a  wheel.  The  oil  and  grease  user 
is  likely  to  obtain  the  same  oil,  but  under  a  different 
name,  from  any  one  of  several  concerns  soliciting  his 
patronage.  On  the  other  hand,  the  consumer  would  err 
if  he  did  not  give  to  each  solicitor  reasonable  atten- 
tion, courtesy  and  consideratiom  A  little  friendly  at- 
tention often  inspires  a  solicitor  to  offer  a  prospective 
customer  values  that  he  knows  should  retain  that  friend- 
ship, and  at  a  cost  sufficiently  low  to  minimize  competi- 
tive assaults.  Sentiment,  when  it  is  mutual,  invariably 
profits  both  the  buyer  and  the  .«oller. 

A  noted  English  authority — matters  of  this  sort  seem 
to  be  receiving  more  attention  abroad  than  here — has 
found  that  over  half  of  the  ten  million  horsepower  in  use 
in  England  is  lost  through  unnecessary  friction,  faulty 
lubrication  and  inferior  lubricants.  In  factories  in  this 
country,  where  oil  and  grease  bills  amount  to  thousands 
of  dollars  annually,  experts  have  found  a  loss  of  50  per 
cent,  or  greater.  There  is  serious  effort  on  the  part  of 
oil,  grease  and  babbitt  manufacturers  to  cooperate  with 
the  trade  in  effecting  economies  along  these  lines,  but  it 
is  too  often  construed  as  a  selling  rather  than  a  helping 
effort. 

Each  Plant  an  Individual  Problem 

The  writer  does  not  claim  to  be  an  expert  on  oil  and 
greases,  nor  does  he  know  of  any  one  who  may  be  rightly 
so  considered,  for  the  reason  that  those  longest  in  the 
business  are  conversant  with  so  many  exceptions  to  what 
at  first  appeared  to  be  the  rule  that  they  refuse,  where 
they  have  any  real  regard  for  their  reputation  for  ve- 
racity, to  be  specific  or  definite  in  their  recommendations. 
They  know  that  grades  and  qualities  which  work  out  per- 
fectly in  some  cases  have  proved  entirely  unsatisfactory 
in  others  where  the  conditions  seemed  exactly  the  same. 

Suppose  a  man  were  something  of  an  expert  in  the 
manufacture  and  use  of  oils  and  greases,  he  might  be 
comparatively  ignorant  on  bearing  design  and  construc- 
tion and  on  the  nature  of  the  material,  brass,  bronze  or 
babbitt  with  which  bearings  are  lined,  and  the  suitable- 
ness of  the  method  of  lubrication  for  his  lubricant  in 
connection  with  the  bearing  conditions  might  escape  his 
attention.  Poor,  improper  or  inadequate  bearing  design 
or  construction  is  a  fruitful  source  of  babbitt  and  lubri- 
cant trouble.  The  bearings  may  not  be  large  enough  or 
of  the  design  best  for  the  load  and  conditions  under 
which  they  are  compelled  to  work.  Lubricating  devices 
may  be  sold  without  regard  to  the  kind  of  bearing,  load 
.  or  conditions.  In  babbitt  and  lubricating  problems  each 
plant  has  its  individual  solution.  Babbitt  and  lubricant 
manufacturers   are  more  often  than   otherwise  unjustly 


blamed  for  troublesome  bearing  conditions.  In  ninety- 
nine  cases  out  of  a  hundred  the  fault  will  be  found  in  im- 
properly designed  bearings,  in  the  method  of  applying 
and  handling  the  babbitt  or  lubricant,  in  the  conditions 
under  which  they  are  compelled  to  work  and  the  atten- 
tion they  get  while  working. 

What  is  needed  is  not  so  much  better  products  as 
better  relations  and  understanding  between  the  producers 
and  the  consumers  themselves.  Any  deal  that  is  not 
profitable  to  one  is  not  profitable  to  the  other.  The  bar- 
gain that  yields  mutual  satisfaction  is  the  only  one  likely 
to  be  permanent.  The  losing  customer  is  the  lost  custo- 
mer.    The  keynote  of  modern  commerce  is  service. 

Some  consumers  will  say  that  they  are  well  satisfied 
with  the  quality  and  service  they  are  getting,  but  that 
they  object  to  being  charged  an  exorbitant  price.  An . 
old  and  experienced  salesman  remarked  sometime  ago 
that  no  one  is  more  responsible  for  high  prices  than  the 
consumers  themselves.  While  many  appreciate  the  ad- 
vantages, yet  not  enough  will  buy  through  letter  .solicita- 
tion. They  require  that  the  producer  spend  thousands 
of  dollars  in  selling  his  product.  The  result  is,  an  article 
that  the  consumer  figures  can  be  produced  for  10c.  has 
really  cost  the  producer  15c.  to  sell,  and  he  must  add  an- 
other 5c.  for  his  profit.  If  sold  by  mail  or  by  advertis- 
ing the  oil  might  have  cost  15c.  instead  of  20c. 

Having  factory  or  engine-room  tests  made  by  an  ex- 
perienced lubricating  engineer,  under  the  supervision  of 
the  plant  engineer  or  millwright,  is  the  proper  course  for 
the  large  consumer  to  determine  what  is  best  for  his 
specific  and  general  requirements.  The  small  consumer 
must  depend  on  the  reputation  of  the  concern  from 
which  he  is  buying,  on  the  selling  argument  of  the  so- 
licitor, on  testimonial  letters,  orders,  etc. ;  from  other 
users  who  are  buying  the  oil  under  consideration  for 
practically  the  same  kind  of  machinery,  and  on  such  re- 
turn and  refund  clauses,  in  the  event  the  oil  does  not 
suit,  as  We  can  incorporate  in  his  buying  agreement. 

The  nfatter  of  suitable  lubrication  is  quite  simple  if 
pure  oils  from  the  same  crudes  are  obtained.  A  quantity 
each  of  good  motor  oil,  a  good  machine  oil  and  a  good 
steam-cylinder  stock  with  a  few  pounds  of  tallow,  contain 
the  essentials  for  a  wide  range  of  bearing  requirements. 
While  there  are  innumerable  brands  on  the  market,  yet, 
with  few  exceptions,  a  half  dozen  oils  will  cover  all  gen- 
eral lubricating  requirements. 

In  one  case,  nine  different  brands  of  cylinder  oil,  five 
brands  of  machine  oil  and  a  dozen  or  more  different 
greases  were  in  use.  Some  were  fairly  reasonable  in 
price;  others  inordinately  high.  In  one  engine  room  the 
engineer  needed  a  certain  kind,  in  other  engine  rooms  in 
the  same  building  the  engineer  could  not  use  it ;  he  re- 
quired something  different.  For  the  electrical  machin- 
ery, another  brand  was  wanted,  and  in  the  pump  house 
the  operators  had  their  own  ideas.  A  few  simple  tests 
were  made  which  convinced  the  men  that  one  grade  of 
cylinder  oil  and  two  grades  of  engine  and  machine  oil 
filled  every  need.  It  was  also  proved  that  but  three 
grades  of  grease  were  needed. 

Oil  vs.  Grease 

As  to  the  value  of  oil  compared  with  grease  for  lubri- 
cating purposes,  there  is  a  wide  difference  of  opinion. 
There  are  some  facts,  however,  that  have  been  quite 
definitely   determined    and   generally   agreed    on.      As   a 
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liiliricant  there  seems  to  be  Irat  little  real  difference  be- 
twiun  the  use  of  a  pure,  properly  refined  petroleum  oil 
and  a  pure  properly  made  oil  grease.  For  tightly  keyed 
journals  under  high  speed  and  heavy  pressure,  oils  seem 
til  have  the  preference.  The  flow  and  spread  are  more 
abundant,  so  that  the  frictional  heat  is  conducted  away 
inure  rapidly.  There  is  less  likelihood  of  acids  and 
gummy  conditions  in  the  u-se  of  oils,  and  they  can  be 
sr.  ured  in  greater  variety  as  to  density.  When  it  comes 
t(i  slow-moving  machinery  where  the  pressure  is  not 
great,  the  practice  is  in  favor  of  greases. 

Of  some  of  the  new  oils  now  being  produced  from  va- 
rious Southwestern  crudes,  viscosities  on  straight  oils 
raii;:i'  from  500  to  1000,  with  gravities  as  low  or  lower 
tli;iu  have  heretofore  prevailed  on  200  to  300  vicosity 
luliricants.  Their  values  as  compared  with  grease  for 
till'  class  of  machinery  referred  to  remains  to  be  deter- 
mined. The  economj'  and  service  in  the  use  of  either 
depend  on  the  bearing  conditions,  the  method  of  apply- 
ing, attention,  etc. 

Grease  is  admittedly  less  wasteful;  it  stops  running 
when  the  journal  stops.  However,  as  grease  is  more  dense 
or  gummv",  more  power  is  required  in  starting,  and  as 
sufficient  frictional  heat  must  be  developed  to  transform 
the  dense  grease  body  into  a  fluid  oily  state,  it  would 
argue  a  loss  of  power  in  this  process.  The  re-use  of  oil 
gradually  diminishes  its  lubricating  properties,  and,  un- 
less perfect  filtration  is  secured,  it  must  deteriorate  in 
becoming  charged  with  minute  foreign  substances. 
Greases  containing  free  acids  are  injurious  to  certain 
kinds  of  bearing  surface  and  start  corrosion  and  wear. 
Oils  loaded  with  adulterants  containing  rosin  oil,  soap 
preparations,  blown  rapeseed  oil,  etc.,  while  they  ap- 
parently serve  their  purpose  fairly  well,  are,  due  to 
their  gummy  nature  or  acid  content,  either  creating  a 
drag  on  the  journal,  thereby  wasting  power,  or  are  dis- 
integrating the  surface  of  the  babbit  bearing  and  heating 
the  journal  sufficiently  to  require  the  excess  use  of  oil,  to 
say  nothing  of  the  expense  of  rebabbitting  oftener  than 
necessary. 

TiiKATKi)  Oils 

The  quality  or  lubricating  body  of  a  pure  petroleum 
oil  depends  on  the  quality  of  the  crude  and  the  method 
of  refining.  The  filtered  oils  are  free  from  those  fatty 
acids  that  injure  bearing  surfaces.  The  trouble  usu- 
ally occurs  with  the  treated  oils.  Oils  filtered  throuErh 
fuller's  earth  and  boneiilack  contain  the  lowest  percent- 
age of  free  carbon.  Tt  is  usually  the  oil  treated  with 
sulphuric  acid  that  affects  the  surface  of  bearing  metals. 
jIn  the  purchase  of  oils  it  is  impossible,  regardless  of 
|one's  experience  in  the  oil  business,  to  determine  a  filtered 
|oil  from  an  acid-treated  oil.  This  can  be  distinguished 
only  through  tests  that  show  ash  determination.  A 
filtered  oil  will  show  from  0.001  to  0.002  of  1  per  cent. 
of  a*<li,  which  is  usually  iron  oxide,  whereas  an  acid- 
treated  oil  will  show  from  0.5  to  0.07  of  1  per  cent,  of 
ash,  usually  .sodium  sulphate,  sodium  carbonate  and  iron 
oxide. 

It  is  the  high  t(  iii])cratures  that  cause  oils  to  decom- 
pose, and,  naturally,  those  treated  liy  acid  decompose 
more  readily,  increase  in  acidity  and  pit  the  bearing  sur- 
faces ;  also,  when  oils  decomjjose.  the  fluid  or  intermolec- 
nlar  friction  increases. 


One  of  the  most  exacting  duties  of  the  refiner  is  said 
to  be  the  treatment  with  caustic  soda  in  such  manner 
as  to  remove  all  acid  products  without  overdoing  the 
matter  and  producing  an  emulsion.  In  acid-treated  oils 
it  is  necessary  to  wash  them  with  caustic  soda  to  neutra- 
lize the  acidity.  It  has  been  proved  that  it  is  impos- 
sible io  wash  out  entirely  the  mineral  salts  formed  dur- 
ing the  treating  process.  Tests  of  oils  treated  and  then 
filtered  through  fuller's  earth  and  boneblack  show  a 
higher  percentage  of  ash  than  those  that  were  only 
filtered.  This  brings  out  the  point  that  it  is  impossible 
to  obtain  an  oil  of  the  highest  hibricating  qualities  by 
treating  it  with  acid.  The  presence  of  free  alkali,  so- 
dium sulphate  or  sodium  salts  of  organic  acids  are  in- 
jurious to  metallic  surfaces.  They  start  corrosion  on  the 
surface  of  the  babbitt  lining  and  shortly  the  result  is  a 
rebabbitting  expense  for  which  the  babbitt  often  is,  but 
should  not  be,  blamed.  Babbitt  compositions  of  tin,  lead 
and  antimonj'  resist  the  influence  of  these  acids  better 
than  bronze  bearings,  the  heavier  content  of  bronze  bear- 
ings being  copper. 

If  ossae°Mmdl©  Csilbl®  Clsisinip) 
By  ^\'alter  K.  Hodge 

The  chief  virtues  of  the  clamp  illustrated  here  are 
simplicity  of  operation,  ease  of  fabrication  and  tenacity 
of  grip.  An  ordinary  blacksmith  can  easily  turn  out  a 
dozen  an  hour. 

For  %-iu.  cable,  the  damp  is  made  of  %-in.  iron  bent 


Application  oI'"  Cablk  Clamp 

into  a  IVi-iii-  eyt'  a'ld  welded.  A  shank  ;5  in.  long  is 
threaded  half  its  length  and  turned  at  an  angle  of  00 
deg.  to  the  plane  of  the  eye  and  two  nuts  are  provided 
for  each  shank.  The  clamps  are  used  in  pairs,  the  shank 
of  one  being  shoved  through  the  eye  of  the  other  with  the 
two  thicknesses  of  cable  between  and  the  nuts  placed  and 
tightened  aiul  locked  with  the  extra  nuts. — The  Engin- 
rrriiig  cf  Mining  JnurnaJ. 


The  Word  "Zero"  Is  from  the  Spanish,  and  means  empty, 
hence  nothing.  It  was  first  used  for  the  thermometer  In  1795 
by  the  Prussian  merchant  and  physicist  Fahrenheit. 
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SYNOPSIS — One  of  the  first  private  plants  to  be  oper- 
ated by  power  from  the  Keokuk  power  plant  is  that  of 
the  Atlas  Portland  Cement  Co.,  Hannibal,  Mo. 

m 

In  August,  1913,  the  steam-driven  air  compressors  of 
the  Atlas  Co.  were  replaced  by  three  Sullivan  cross-com- 
pound air  compressors,  with  26  and  ISVt  by  18in.  cyl- 
inders, each  machine  having  a  capacity  of  2000  eu.ft. 
of  free  air  per  minute.  These  compressors  are  directly 
connected  to  General   Electric  400-hp  synchronous  mo- 


To  supply  the  present  demand  of  tlie  plant,  the  energy 
input  to  the  compressors  will  average  aljoiit  13,000  kilo- 
watt-hours per  day.  The  principal  use  for  this  air  is 
found  in  a  blast  supplying  pulverized  coal  to  rotary  kilns 
and  for  drills  in  the  limestone  quarry.  Air  is  also  sup- 
plied to  the  machines  in  the  blacksmith  shop  for  oper- 
ating hammers,  hoists,  drills,  etc.,  and  there  are  outlets 
at  convenient  points  throughout  the  plant  for  cleaning 
motors  and  other  apparatus. 

This  installation  was  made  bv  the   Stone  &  Webster 


Air  CoiiPREssoijs,  Motor  Driven  by  Energy  from  the  Keokfr  Power  Plant 


tors,  running  at  187.5  r.p.m.,  using  three-phase,  25-cycle, 
220-volt  current,  stepped  down  at  the  transformer  station 
from  a  voltage  of  .33,000,  at  which  tension  it  is  trans- 
mitted from  the  Keokuk  plant,  on  the  Mississippi  Eiver, 
about  sixty  miles  distant. 

An  average  receiver  pressure  of  100  lb.  is  main- 
tained by  means  of  total-closure  unloading  valves  on  each 
machine.  These  unloading  valves  are  operated  automati- 
cally, so  that  a  5  per  cent,  regulation  is  obtained  in  re- 
ceiver pressure. 


Engineering  Corporation,  of  Boston,  and  is  the  first  large 
compressor  plant  of  its  kind  operated  by  power  from  the 
Keokuk  plant. 

The  illustration  shows  the  motors  directly  connected 
to  the  crankshaft  of  the  compressors.  The  large  step- 
down  transformers  for  the  compressors  and  for  other 
purposes  in  the  works  are  shown  at  the  rear  and  side  of 
the  room. 

We  are  indebted  to  William  H.  Baker,  superintend- 
ent of  the  Atlas  Co.  for  the  foregoing  data. 
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A  c  ircnilator  for  internally  fired  boilers  has  been  rlesigii- 
il  with  tlie  aim  of  producing  a  simple,  automatic  device, 
(Mpiiring  no  special  attachment  to  the  boiler  and  which 
an  be  installed  during  the  time  required  for  cleaning  or 
jispciting  the  Ijoiler.    It  is  the  Kebee  circulator,  made  Ijy 


Scotcli-marine  boiler.  One  thermometer  was  placed  on 
the  top,  and  another  on  the  bottom.  The  first  test  was 
made  without  a  circulator;  the  temperature  on  the  bot- 
tom in  81/2  hr.  rose  to  about  329  deg.  F.  In  the  same 
boiler  a  circulator  was  installed  and  a  second  test  showed 
that  after  the  fire  liad  been  started  at  the  same  hour  as 


Fig.  1.    A'HiiTicAi.  Typk  of  CinrrLATOR 

the  Klein  Boiler  Circulator  Co.,  30  Churcli  St..  New 
York   City. 

The  circulator,  of  simple  construction,  can  be  placed  in 

boiler  by  inserting  it  through  the  manhole.  It  is  neces- 
sary that  the  circulator  body  be  covered  with  water  at  all 
times;  the  opening  of  the  gooseneck  must  be  several 
inches  above  the  highest  water  level. 

This  device  is  of  two  general  types.  In  the  vertical 
type.  Fig.  1,  the  body  of  the  circulator  hangs  vertically 
between  the  groups  of  tubes  and  is  fastened  with  a  simple 
clamp  on  the  through-bolt  of  the  boiler;  the  inlet  pipe 
comes  near  the  Itoiler  bottom  ind  the  discharge  pipe  above 
the  water  level. 

The  horizontal  type,  Fig.  2,  is  placed  in  boilers  where 
tiie  flues  are  so  close  together  that  a  small  space  only 
\s  left  between  them.  H?nce  the  body  of  the  circulator  lias 
to  be  ])laccd  horizontally  above  the  flues  with  the  suction 
jiipe.s  passing  through  the  space  between  them,  to  the 
bottom  of  the  boiler.  The  discharge  pipe  is  above  the 
water  level.  When  the  condition  of  the  boiler  is  sui'h 
that  the  suction  pi])es  have  to  be  bent,  the  circulator  is 
■quipped  with  flexii)le  co])per  or  lironze  liose.  Fig.  1, 
whicii  can  be  formed  according  to  the  shape  of  the  boiler 
Of  of  the  furnace. 

The  device  is  automatic  in  ojieration,  is  self-contained, 
and  is  operated  by  the  physical  law  of  vacuum  and  pres- 
sure created  in  ])art  by  tlie  alternate  heating  and  cool- 
ing of  air,  combincil  with  the  factor  of  differcntiiil  WMt<'r 
levels. 

Tlie  circulat(jr  raises  the  cold  water  from  the  bottom, 
then  warms  and  discharges  it  in  the  steam  space,  forcing 
the  hot  water  to  flow  into  the  lower  part  of  the  boiler, 
thus  maintaining  an  equal  temperature  throughout  the 
unit. 

The  result  of  tests  made  to  show  the  efficiency  of  the  cir- 
culator is  graphically  explained  by  tlic  diagrams.  Fig.  .3. 
The    test    was    jierfornicd    with    a    200-h|i.    ( 'ontinental 
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Fir;.  2.    Hokizoxtal  Type  of  riRcri.ATOR 

|ii'e\  iously,  the  water  in  the  bottom  was  the  same  temper- 
ature as  at  the  top  in  an  hour's  time. 

The  curve  a  shows  the  reading  of  the  thermometer 
on  top  of  the  boiler ;  curves  b  and  c,  the  reading  of  the 
thermometer  on  the  bottom  with  and  without  the  circu- 
lator. The  difference  lietween  the  curves  h  and  c  shows 
the  advantage  of  the  circulator  in  the  boiler. 
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Veiat©  A^tossia^ic  Valve 

The  Teiito  automatic  valve,  for  vacuum  or  vapor  heat- 
ing, is  a  shell  containing  a  copper-plated  spring-tem- 
pered steel  tube  A  filled  with  a  volatile  fluid  hermeti- 
cally sealed  and  so  sensitive  that  a  change  in  temperature 
of  one  degree  is  sufficient  to  operate  the  valve. 

The  cap  nut  B  is  for  inserting  the  valve  mechanism 
and  to  test  the  operation  of  the  valve  while  it  is  in  ser- 
vice. The  cap  screw  C  fastens  the  valve  mechanism  to 
the  supporting  bridge  E;  the  sleeve  D  is  the  mounting 
for  the  valve  mechanism  and  acts  as  a  guide  for  the 
valve  F,  and  also  so  supports  the  tube  A  that  the  move- 
ment of  the  tube  must  open  and  close  the  valve.  The 
supporting  bridge  E  is  part  of  the  valve  body  to  whicli 


Sectiox   through   AuTOirATic   Valvi: 

the  sleeve  D  is  secured.  The  bronze  valve  head  F  is 
moved  back  and  forth  by  the  tube  A,  the  guide  D  hold- 
ing the  tube  A  in  a  central  position. 

Before  steam  is  turned  on,  the  thermostatic  tube  is 
neutral  and  the  valve  is  then  wide  open,  and  remains  in 
that  position  until  all  of  the  air  and  condensation  have 
been  removed  from  the  point  to  be  drained.  The  in- 
stant steam  arrives,  however,  the  tube  A  expands,  closing 
the  valve  tight.  As  condensation  forms,  the  temperature 
lowers  and  the  tube  contracts,  moving*  the  valve  from  its 
seat  and  discharging  the  water.  This  valve  is  made  by 
William  S.  Haines  &  Co.,  Twelfth  and  Buttonwood 
Streets,  Philadelphia.  Penn. 

By  a.  L.  H.  Street* 

The  following  review  of  decisions  announced  by  some 
of  the  highest  courts  of  the  country  during  the  last  few 
years  serves  to  show  that  companies  selling  electric  or 
other  power  to  the  public  are  as  much  subject  to  regu- 
lation of  their  rates  by  public  authorities  as  are  rail- 
roads, and  tipon  the  same  general  ground — that  is,  on 
the  ground  that  they  are  quasi  public  corporations. 

By  asserting  the  right  to  condemn  land  for  ptiblic  use. 
it  has  been  held  that  a  ]iower  company  estops  itself  to 
deny  the  power  of  the  state  to  regulate  its  rates  and 
service  and  to  prevent  discrimination.      (Tennessee  Su- 

•Attorney  and  counselor-at-law.  .St.  Paul.   Minn. 


preme  Court,  Great  Falls  Power  Co.  vs.  Webb,  133  South' 
ircsiern  Reporter,  1105.) 

In  another  case  a  hydro-electric  power  company  has 
been  declared  by  the  Wisconsin  Supreme  Court  to  be  a 
"public  utility,"  and,  as  such,  subject  to  state  regula- 
tion of  its  rates  and  prohil)ition  against  discrimination 
in  charges.  (Tillage  of  Kilbourn  City  vs.  Southern  Wis- 
consin Power  Co.,  135  Northwestern  Reporter,  499.) 
Tlie  court  finds  that  a  contract  which  runs  counter  to 
such  regulations  is  invalid.  The  California  Supreme 
Court  has  also  declared  that,  on  account  of  their  quasi 
ptiblie  nature,  electric  power  companies  are  restricted 
1o  reasonable  charges,  which  may  be  fixed  by  municipal 
ordinance.  (Ex-parte  Goodrich,  117  Pacific  Reporter, 
451.)  Again,  the  Xorth  Carolina  Supreme  Court  has 
decided  that  an  electric  company,  by  devoting  its  propi 
crty  to  public  service,  becomes  subject  to  regulations  a9 
to  the  maximum  rates  which  it  mav  charge.  (Horner 
vs.  Oxford  Water  &■  Electric  Co..  G9  Southeastern  Re- 
porter, 607.) 

POWICU    OF    Coi'ins    ])HFIXED 

Although  a  court  has  jurisdiction  to  determine 
whether  a  rate  complained  of  is  reasonable,  it  has  no 
power  on  reaching  a  negative  conclusion  to  proscribe  a 
reasonaljle  rate.  "In  a  case  of  this  cb.aracter,  the  court 
can  review  the  action  of  the  rate-making  body  only  so 
far  as  to  determine  whether,  under  The  rate  presented 
and  the  other  rates  which  the  complainant  may  lawfully 
charge,  it  will  be  unable  to  reali/.o  a  fair  and  just  return 
on  the  value  of  its  property  devoted  to  the  particular 
public  use,  and  will  amount  to  a  taking  of  its  property 
without  just  compensation."  (United  States  District 
Court  for  the  District  of  Oregon,  Portland  Eailway. 
Light  &  Power  Co.  vs.  City  of' Portland,  200  Federal 
Reporter,  890.) 

Kates  established  by  proper  authority  are  presump- 
tively reasonable.  (Arkansas  Supreme  Court,  Arkadel 
phia  Electric  Light  Co.  vs.  City  of  Arkadelphia,  137 
Southwestern  Reporter,  1093.)  Hence,  when  it  appears 
that  a  city  has  been  vested  with  power  to  fix  rates,  the 
bttrdcn  is  on  a  power  company  in  suing  to  restrain  en- 
forcement of  an  ordinance  prescril)ing  rates  to  show  that 
they  arc  unreasonable  or  confiscatory.  (Portland  case 
cited  above.) 

Rates  Coxsidered  as  a  Whole 

A  power  company  is  not  entitled  to  a  reasonable, 
profit  upon  each  transaction,  and  a  regulation  of  rates 
is  valid,  if  a  fair  return  will  result  fiom  the  rates  as  a 
v.hole,  although  a  reasoitalile  profit  may  not  be  derived 
from  a  small  class  of  customers.  (Missouri  Supreme 
Court,  State  vs.  Water,  Light  &  Transit  Co.,  155  South- 
west em  Reporter,  82G.) 

Existing  and  ttnexpired  contracts  for  power  are  iBfr 
pliedly  sttbject  to  a  reditction  on  lower  rates  lieing  validly 
established  by  legislative  authority.     (Portland  case.) 

The  courts  have  gone  so  far  as  to  hold  that  although 
a  public-service  corporation  is  entitled  to  reasonable 
compensation  for  service  rendered,  it  cannot  legally  sus- 
pend operations  becatise  of  a  reduction  in  rates.  The' 
remedy  is  a  suit  to  enjoin  enforcement  of  the  law  or 
ordinance  prescribing  such  rates,  if  the  same  be  imrea- 
sonable.  (Florida  Supreme  Court,  City  of  Gainesvilli 
vs.  Gainesville  Gas  &  Electric  Power  Co.,  G3  Southern 
Reporter,  919.) 


August  4,  19U 


P  0  W  E  K 


175 


Legislative  Power  Is  Delegable 

Tlie  legislature  may  delegate  its  rate-fixing  jiowcr  to 
a  public-service  commission  or  other  administrative  body, 
to  be  exercised  in  conformity  to  standards  establislied  by 
tlie  legislature.  (Xew  York  Supreme  Court,  Appellate 
Division,  Third  Department;  Tillage  of  Saratoga  vs. 
Saratoga  Gas,  Electric  Light  &  Power  Co.,  lOT  Xcw 
York  SuppJement,  341.) 

The  constitution  of  Florida  has  been  interpreted  by 
the  state  supreme  court  as  being  broad  enough  to  au- 
thorize the  legislature  to  empower  a  municipality  to  fix 
reasonable  gas  and  electric  rates.  (Gainesville  Gas  & 
Electric  Power  Co.  vs.  City  of  Gainesville,  58  Southern 
Reporter,  785.) 

A  city  cannot  fix  rates  unless  clearly  so  empowered 
by  its  charter.  (United  States  Circuit  Court  for  the 
District  of  Minnesota,  Minneapolis  General  Electric  Co. 
vs.  City  of  Minneapolis,  194  Federal  Reporter,  215.) 

A  law  authorizing  a  public-service  commission  to  pass 
upon  the  reasonableness  of  rates  charged  by  power  com- 
panies supersedes  previous  charter  provisions  empowering 
cities  to  fix  such  rates.  (United  States  District  Court 
for  the  District  of  Oregon,  California,  Oregon  Power  Co. 
vs.  City  of  Grant's  Pass,  20.3  Federal  Ueporter.  173.) 


Depending  iii«iii  the  (piality  of  the  feed,  imjiurities 
in  greater  or  lesser  quantities  are  deposited  in  a  boiler  in 
the  form  of  mud,  sludge  and  scale.  To  keep  the  boiler 
steaming  properly,   these   impurities   must    be    removed 


CONTIVT'OI'S    Bl.OWOKI-    ClEANEI? 

periodically.  It  lias  been  customary  In  piim|)  ii|i  one  or 
two  gages  and  to  blow  down  once  or  twice  a  day,  and 
sometimes  ofteiier.  This  procedure  tends  to  remove  tlie 
impurities,  Imt  it  allows  them  to  remain  in  tiic  boiler  for 
some  time  and  entails  the  loss  of  coMsiderable  water 
wliicb  has  been  previously  heated. 

To  save  this  lost  energy,  the  National   lioiler  Special- 


ties Co.,  Elgin,  111.,  is  putting  out  the  device  shown  in 
the  illustration,  which  consists  chiefly  of  a  settling  tank 
and  a  return  trap.  As  may  be  seen,  the  tank  is  con- 
nected to  the  mud  drum  of  a  Stirling  water-tube  boiler. 
The  blowofi  is  left  open  to  carry  the  sludge  over  to  the 
tank  continuously  and  as  soon  as  it  is  formed.  It  is 
then  deposited  in  the  bottom  and  the  water,  freed  from 
its  impurities,  is  returned  to  the  boiler  by  the  return 
trap  shown  at  the  top  of  the  illustration.  The  piping  is 
selfexplanatory;  means  have  been  provided  to  keep  the 
trap  from  becoming  air-bound.  For  this  arrangement  a 
practically  clean  boiler  and  the  attending  advantages  are 
claimed,  also  the  saving  of  the  hot  water  otherwise  blown 
to  the  sewer. 


T  Ih  ©  IP  fflffi  ©  sm  ®  tl  ®  F 

A  new  resistance  thermometer  has  been  brought  out 
for  measuring  temperatures  from  200  deg.  below  zero 
to  1800  deg.  F.  This  instrument  is  adapted  for  low  tem- 
peratures which  cannot  readily  be  measured  with  the 
thermo-electric  pyrometer,  and  is  particularly  useful  for 
indicating  the  temperatures  in  dryers  and  ovens,  in  ma- 
chine bearings  which  may  overheat,  in  motor  windings 
and  iu  transformers,  on  refrigerating  machines    and  in 


PesispaxcI':  T  111:1; mo Mi:'n;i; 
nionis  which  must  he  in:iinl:iiiic(l  ,ii  a  cdnslMiil   tempera- 

I  lll'C. 

'I'lie  instrument,  miiiiiiractiircd  by  the  ISrown  Instru- 
ment Co.,  Philadelphia,  I'eini..  consists  of  a  bidb  or  coil 
of  resistance  wire  through  whidi  a  current  is  passed,  and 
which  changes  in  resistance  with  a  cliange  in  tem]iera- 
liire.  liulbs  at  numerous  points  around  the  plant  are 
connected  by  three-wire  c:dile  to  Ww.  indicating  instru- 
ment and  swifchhoanl.  which  can  he  placed  at  any  de- 
sired point.  In  determining  the  temperature,  it  is  sim- 
])Iy  necessary  to  switch  any  l)ulb  on  to  the  indicating  in- 
strument, as  shown  in  the  illustration.  If  a  constant 
tem|icrature  is  to  be  maintained,  the  pointer  can  be  ad- 
justed to  this  teni])erature  and  its  deflection  on  the  upper 
scale  will  show  the  increase  or  decrease.  This  instru- 
ment operates  on  either  dry  cell.s  or  storage  i)atteries,  or 
tlU-  or  220-volt  direct-current  lighting  circuits. 
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Its  chief  advantages  are  tlie  ability  to  read  moderate 
temperatures  from  one  central  location  Avithout  the  nec- 
essity of  going  about  from  one  point  to  another  to  read 
it  as  indicated  on  thermometers,  and  in  the  fact  that  the 
bulbs  are  of  metal  and  not  liable  to  be  broken  as  is  the 
case  with  a  glass  thermometer.  The  indications  are 
guaranteed  to  be  within  1  per  cent. 


p=>lnI^Bimsinxer   aim    J®(j 
LfBEaes 

Ky  Alhi:i;t  11.  Israel 

In  plants  where  the  feed  water  is  at  a  tenipcratui-c 
of  212  deg.  F.  on  the  suction  side  of  the  punij).  and 
where  the  head  of  water  above  the  center  of  the  pump 
cylinder  is  low,  water-hammer  generally  occurs  on  each 
stroke  of  the  pump.  This  trouble  is  experienced  in  many 
plants,  but  exactly  what  takes  place  in  the  pnmp  cylinder 
is  not  generally  understood. 

On  each  suction  stroke  a  partial  vacuum  must  be  pro- 
duced in  the  water  cylinder  before  the  difference  in 
pressure  on  the  two  sides  of  the  suction  valve  disks  be- 
comes sufficient  to  o])en  them.  If  the  pressure  on  tlie 
suction  side  were  high  enough,  the  water  would  rush 
in  immediately  when  the  piston  starts  forward.  The 
water  being  at  the  atmospheric  boiling  temperature,  some 
of  it  immediately  passes  into  vapor  when  the  ]n-essure 
in  the  cylinder  becomes  lower  than  the  pressure  of  one 
atmosphere.  But  to  take  in  water,  this  difference  must 
be  maintained,  and  thus  at  the  end  of  the  suction  stroke 
there  is  considerable  vapor  present  in  the  cylinder.  On 
the  discharge  stroke,  the  piston,  finding  a  cylinder  par- 
tially filled  with  steam,  rushes  down  upon  this  and  stops 
suddenly  when  it  strikes  the  solid  body  of  water,  which 
cannot  be  compressed,  causing  a  loud  knock  due  to  the 
sudden  impact.  This  is  transmitted  tiirough  the  entire 
pressure  side  of  the  feed  line,  and  not  only  causes  ex- 
cessive pressure  for  the  instant,  but  also  is  productive  of 
line  leaks.  There  are  various  ways  in  which  these  may 
be  prevented,  some  of  which  are : 

(1)  Lower  the  temperature  of  the  water"  flowing  to 
the  pump.  This  would  in  most  cases  solve  the  problem 
immediately,  but  should  never  be  resorted  to.  Tor.  al- 
though effective,  it  would  prove  uneconomical. 

(2)  Eaise  the  feed  water  heater  or  the  utility  tank. 
In  any  case  the  water  should  flow  to  the  pump  by  gravity. 
Many  think  that  because  the  level  of  the  water  in  the 
heater  is  above  the  cylinder  of  the  pump,  this  re(|uire- 
ment  has  been  satisfied,  but  this  is  not  always  so,  because 
the  whole,  or  at  least  a  large  part,  of  the  liead  of  water 
available,  is  required  to  overcome  the  friction  of  pipes 
and  fittings. 

(3)  Avoid  an  excessive  loss  of  head  due  to  the  friction 
in  piping.  Often  the  pipe  is  too  small  for  the  water  re- 
quired, so  that  an  excessive  loss  of  head  due  to  friction 
results  from  high  velocity.  Unnecessary  bends  and  other 
fittings  should  be  left  out  of  the  line  when  not  abso- 
lutely required.  AAHien  valves  are  required,  only  gate 
valves  should  be  used,  for  these  give  the  minimum  re- 
sistance to  the  flow. 

(4)  Lower  the  feed  pump.  This  is  a  good  method 
to  stop  the  hammering  when  it  is  possible  to  adopt  it. 
When  the  direct-acting  feed  pump  is  replaced  by  a  mod- 
erate-speed triplex  belt-  or  a  motor-driven  feed  pump,  in 


addition  to  th(^  lowering,  then  the  desired  result  is  dou- 
bly assured. 

(.'))  Do  not  use  springs  on  the  suction  valves  of  the 
pump  which  are  too  heavy.  If  too  great,  a  difference 
in  25ressurc  on  the  two  sides  of  the  disks  is  required  to 
open  them;  the  greater  part  of  the  available  head  may 
be  lost  in  overcoming  their  resistance  to  opening. 

The  particular  tnethod  which  may  be  employed  to  best; 
advantage  in-  any  case  will  depend  upon  the  conditions. 
Sometimes  a  combination  of  several  ways  becomes  ad- 
visable, depending  on  the  location  of  the  plant  in  the-l 
building,  headroom,  etc.;  the  layout  of  the  juping  and  the 
money  available  for  the  purpose. 

The  form  shown  is  used   I'di'  the  daily-report  sheet  in. 
a    large    absorption    jilant.      Several    other    forms    were , 
drawn  up,  but  this  one  proved  best  suited  to  the  needs.ji 
The  sheet  is  8%  in.  wide  by  10%  in.  long  and  is  per- 
foratiMl   at    the   to])   1o   allow   ins(>rting    in     a    loose-leaf 


Log  Shket  for  Absori'tiox  Plant 


folder.  An  atmospheric  cooling  tower  is  used,  which 
accounts  for  the  columns  "Air"  and  "Wet  Bulb."  The 
"Remarks"  column  would  be  Ijetter  if  made  wider. 

We  should  be  pleased  to  receive  gooil  daily-report  and 
summary  sheets  from  a  compression  plant.  The  sheets 
should  be  thorough  and  yet  not  burdened  with  useless 
items. 

•*: 

Flotation — A  bod.v  lighter  tlian  water  win  not  rise  unless 
the  water  can  get  under  it.  Thus,  if  one  side  of  a  bloclc  of 
light  wood  perfectly  flat  and  smooth  and  varnLshed  to  excludg 
moisture  be  placed  on  a  similarly  prepared  surface  on  the 
bottom  of  a  vessel  and  held  there  until  the  vessel  is  filled  with 
water,  it  will  then  remain  at  the  bottom  due  to  the  unbalanced 
downward  pressure  of  the  water. 
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Laws  pi'oviding-  for  the  exainiuation  and  licensing  of 
engineers  are  passed  to  insure  the  pul)lic  against  danger 
from  the  careless  or  unskillful  handling  of  power-pro- 
ducing apparatus — not  to  make  a  corner  in  engineers. 

Buffalo  has  an  ordinance  which  prohiljits  any  owner  of 
a  steam  plant  from  permitting  other  than  a  licensed 
engineer  to  run  it.  or  other  than  a  licensed  engineer 
from  running  such  a  plant,  but  denies  a  license  to  any 
but  a  citizen  of  Buffalo. 

In  1!)12  came  one  F.  I?.  Williams,  of  Syracuse,  to 
Buffalo  looking  for  a  job.  He  applied  for  a  license  and 
(Fas  refused  on  account  of  the  above  ordinance,  where- 
upon he  brought  a  charge  of  conspiracy  against  the 
Js^ational  Association  of  Stationary  Engineers  and  the 
International  Union  of  Stationary  Engineers,  and 
^leaded  his  own  case  in  court.  The  bill  against  the 
)rganizations  was  dismissed,  but  Judge  Hazel,  in  the 
[Jnited  States  Circuit  Court,  handed  clown  the  opinion 
hat  the  provisions  of  the  charter  and  ordinances  with 
■egard  to  the  granting  of  licenses  are  unjust,  discrim- 
uatory  and  void  in  that  they  impair  the  complainant's 
ight  bv  preventing  jiini  from  following  his  trade  in 
Buffalo." 

The  examining  authorities  in  Xew  York  City  will  get 

similar  jolt  just  as  soon  as  anybody  has  tlie  nerve  to 
ontest  one  of  their  refusals  under  their  similarly  re- 
trictive  law. 


We  fought  the  Eevolution  for  our  own  freedom,  the 
ivil  War  for  the  black  man's  freedom.  Freedom  from 
jTanny  of  all  kinds  was,  is  and  ought  to  be  the  guiding 
irinciple  of  all  our  laws,  and  there  are  still  more  laws 
eeded  when  conditions  can  e.xist  to  permit  the  following, 

story  from  real  life  and  probably  true,  except  in  de- 
ails,  of  many  engineers: 

This  man  is  in  charge  of  a  1.50()-kilowatt  steam  turltinc, 
he  emergency  stop  on  which  is  completely  out  of  com- 
lission.  When  he  asked  that  it  be  put  in  order  by  the 
lanufacturers'  experts,  his  superiors  not  only  paid  no 
eed,  but  showed  their  displeasure  in  a  way  that  warned 
im  to  hold  liis  tongue  if  he  did  not  want  to  lose  his 
ob.  Having  a  family  of  small  children,  lie  cannot  afford 
>  be  out  of  Work,  so  he  has  to  put  up  with  things  as  they 
re. 

Twice  within  tiie  lai<t  few  mouths  tlie  turbine  lias  lost 

I  vacuum  from  low  water  in  the  pond.  Fortunately  the 
ngineer  was  near  enough  to  pull  the  chain  that  trip.s  the 
■'eight  and  shuts  the  steam  off.  The  turbine  is  usually 
ightly  overloaded,  and  when  the  vacuum  is  lost  the  tur- 
ine  slows  down.  Had  the  engineer  not  been  around  at 
le  time,  the  speed  would  have  fallen  until  the  turbine 
Topped  its  motor  exciter,  which  would  have  meant  drop- 
ing  the  whole  load.     Then,  rid  of  its  burden,  it  would 


have  speeded  up  until  it  prol)ably  would  have  burst  with 
disastrous  results.  This  man  is  all  alone  and  has  to  sup- 
ervise the  engine  room  and  the  men  in  the  fire  room. 
AA'hen  he  goes  on  his  tours  downstairs,  his  mind  is  per- 
petually and  anxiously  on  the  turbine. 

Worry  like  this  is  life-shortening,  even  if  it  does  not 
drive  him  to  suicide,  and  if  the  turbine  explodes  he  is 
likely  to  be  killed.  Then  the  bereaved  family  will  be 
even  worse  off  than  if  he  lost  his  place.  No  matter  how 
it  is  viewed,  this  engineer  is  up  against  a  losing  game. 

In  the  name  of  consistency,  wherever  there  are  laws  or 
ordinances  comijelling  the  provision  of  safety  valves  on 
boilers  and  safety  devices  on  elevators  and  periodic  in- 
spection of  both,  and  this  should  be  wherever  human  life 
and  property  are  jeopardized  by  them,  there  should  also 
be  compulsory  provision  of  emergency  stops  on  turbines 
and  engines  and  their  frecjuent  inspection.  Just  so  long 
as  an  employer's  selfishness  or  indifference  can  make 
it  necessary  for  a  man  to  work  in  such  mental  torment  as 
has  been  outlined,  we  are  far  from  being  a  free  country. 
By  contrast  the  life  of  a  galley  slave  in  the  days  of  an- 
cient Rome  was  a  sinecure. 


The  engineers  in  most  states  would  be  so  glad  to  get 
any  boiler-inspection  laws  at  all,  that  they  are  not  prone 
to  be  too  particular.  Poor  laws,  however,  may  be  worse 
than  no  laws  and  it  is  sometimes  harder  to  get  amend- 
ments than  the  original  laws,  so  that  all  those  working  for 
legislation  in  their  states  will  do  well  to  strive  to  get  the 
best  laws  passed  in  the  first  place.  To  this  end  the  ex- 
perience of  other  states  already  having  laws  of  the  kind 
can  be  studied  to  advantage. 

Ohio  was  one  of  the  states  that  did  not  have  this  priv- 
ilege to  any  great  extent,  Massachusetts  being  the  only 
state  that  had  adefpiate  boiler-inspection  laws  ahead  of 
it.  Good  use,  however,  was  made  of  the  ilassachusetfs 
experience,  and  the  laws,  as  first  adopted,  were  very  com- 
mendable. Then,  to  make  doubly  sure  of  a  good  job. 
the  boiler  inspectors  licensed  by  the  state  to  inspect  un- 
der the  provisions  of  the  Ohio  State  Boiler  Inspection 
Law,  of  which  there  are  now  about  one  hundred,  organ- 
ized the  Ohio  State  Boiler  Inspector's  Association  to  in- 
tensify their  influence  in  perfecting  the  law.  In  the 
words  of  its  treasurer,  F.  I'.  Somers,  "'.Vny  new  law  of 
this  description  is  bound  to  have  .<ome  rough  spots  in 
.starting  out,  and  we  recognized  that  as  individuals  we 
could  do  nothing  to  smooth  out  these  rough  spots,  but  as 
an  association  we  cotdd  and  have  done  a  vast  amount  of 
good." 

Socially  and  for  business  the  association  occasionally 
meets  with  the  Ohio  State  Board  of  Boiler  Rules  and 
the  chief  state  inspectors.  The  rules  laid  down  by  the 
board  are  discussed  and  some  have  been  changed,  some 
abolished  and  some  new  ones  made  in  consequence.  In 
this  way  a  friendly  spirit  of  cooperation  has  been  estab 
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lislied  between  the  members  of  the  board  and  the  in- 
spectors that  has  been  of  great  advantage. 

Ohio  now  has  a  first-ehiss  boiler  law,  well  administered 
by  high-grade  men  without  any  friction,  and  the  boiler 
owners  and  the  public  at  large  have  reaped  the  benefit. 

The  three  ideas,  then,  that  we  wish  to  leave  witli  all 
who  are  working  for  boiler  laws  in  the  states  still  with- 
out them  are  these: 

Get  a  boiler  law; 

Get  the  best  law  possible  at  the  start ; 

Organize,  if  necessary,  to  perfect  the  law  as  soon  as 
e.Kperience  in  its  operation  develops     it.<  defects. 

Woven  in  with  a  valualjle  article  on  oils  and  lubrica- 
tion, page  169,  is  a  homily  on  business  relations  between 
buyer  and  seller  that  applies  just  as  much  to  other  lines 
as  to  oils  ancl  greases.  The  article  is  by  L.  D.  Allen, 
and  from  among  its  nuggets  of  good  sense  we  have  se- 
lected tiie  following  as  especially  deserving  tlie  enipiia- 
sis  of  repetition  on  this  page: 

A  nttle  friendly  attention  often  inspires  a  solicitor  to 
offer  a  prospective  customer  values  that  he  knows  should 
retain  that  friendship,  and  at  a  cost  sufficiently  low  to  mini- 
mize competitive  assaults. 

Sentiment,  when  it  is  mutual,  invariably  profits  both  the 
buyer  and  the  seller. 

What  is  needed  is  not  so  much  better  products  as  better 
relations  and  understanding  between  the  producers  and  the 
consumers  themselves. 

Any  deal  that  is  not  profitable  to  one  is  not  profitable  to 
the  other. 

The  barg^ain  that  yields  mutual  satisfaction  is  the  only  one 
likely  to  be  permanent. 

The  losing  customer  is  the  lost  customer. 

The  keynote   of  modern  commerce  is  service. 

Salesmen  have  a  way  of  saying  they  have  "sold"  such 
and  such  a  customer,  which  unfortunately  is  sometimes 
literally  true.  What  they  mean,  however,  is  that  they 
have  made  a  sale  to  that  customer.  Carrying  out  the 
above  admonitions  the  customer  will  not  be  '"sold"  in 
the  sense  of  being  deceived.  Mr.  Allen  can  well  be  con- 
sidered an  anti-friction  specialist  in  more  ways  than  one. 
With  the  above  suggested  lubrication  in  the  dealings  be- 
tween the  buyer  and  seller  they  should  work  smoothly 
together. 

TTse  Allen's  Business  Grease. 


Men  arc  often  heard  deploring  their  hick  of  cilucation 
wlio  might  just  as  well  educate  themselves,  no  matter 
what  their  ages.  There  are  some  things  that  a  man  loses 
the  ability  to  learn  as  he  grows  older.  A  boy  fourteen 
can  do  certain  tasks  in  a  cotton  mill  better  than  he  will 
ever  be  able  to  do  them  again.  This  does  not  apply  to 
mental  processes.  Some  of  the  best  minds  have  matured 
late,  but  they  have  ripened  thoroughly  and  deeply.  In 
these  days  of  cheap  paper,  cheap  printer's  ink  and  the 
linotype,  there  is  a  wealth  of  educational  material  at 
every  man's  elbow. 

The  most  common  feeling  among  men  who  did  not 
make  the  most  of  their  schooling,  or  who  were  obliged 
to  quit  school  young,  is  one  of  despair  of  ever  being  able 
to  read  intelligently.  They  got  the  idea  in  the  little 
time  while  they  were  in  school  that  education  is  a  thing 
which  requires  hard  study  and  persistent  oversight.  That 
is  wrong.     The  best  education  there  is   comes  almo.st  un- 


consciously. The  painful  part  is  the  getting  familiar 
with  the  tools  of  education — reading,  writing  and  arith- 
metic, and  a  little  more  of  the  same  sort  of  stuff — at  an 
age  where  it  is  natural  for  a  child  to  prefer  going  fish- 
ing, and  when  he  cannot  realize  the  value  of  the.'<e  tools. 

The  two  hardest  tasks  that  the  writer  can  remember 
were  to  spell  "chisel"  and  to  learn  the  multiplication  ta- 
ble up  to  13  times  12,  which  he  never  uses  above  10  now. 
He  wanted  a  chisel  and  his  father  promised  him  one 
when  he  could  spell  the  word.  lie  got  the  chisel,  but 
he  earned  it.  In  school  there  was  no  reward ;  there  was 
]Hinisliment  and  the  hatred  that  went  with  it. 

When  men  are  older  and  begin  to  wish  they  had  stuck 
it  out  and  got  an  education,  they  are  apt  to  think  that 
the  only  way  to  get  it  is  to  start  wliere  they  left  off,  and 
go  on  as  if  they  were  children  again.  On  the  contrary, 
that  is  the  child's  way  of  being  educated  and  not  the 
man's  way.  They  pick  up  books  on  some  subject  that 
they  feel  they  ought  to  know  about  and  they  find  that  they 
are  entirely  unable  to  understand  them.  They  despair  of 
i)eginning  over  and  they  cannot  read  what  they  find  that 
applies  directly  to  what  they  want  to  know.  The  trouble 
is  that  most  books  are  written  by  men  who  learned  what 
they  know  from  the  standpoint  of  the  so  called  educated 
man.  The  cart  is  before  the  horse  when  the  man  who 
got  his  education  by  hard  knocks  looks  at  it.  For  him 
about  all  there  is  printed  that  is  right  end  to  are  the 
trade  papers,  the  catalogs  of  manufacturers  and  the  stand- 
ard liandbooks. 

Suppose  you  want  to  kiiuw  how  high  to  set  a  water 
tank  to  get  a  pressure  of  thirty  pounds  per  square  inch. 
You  find  in  a  handbook  a  rule  which  will  give  you  the 
answer,  but  it  will  not  tell  you  why  the  rule  is  right.  You 
try  to  apply  the  rule  to  oil  or  gasoline  and  it  will  not 
work,  because  it  is  not  water.  A  textbook  will  tell  you 
all  about  it,  but  it  is  under  the  title,  "hydrostatic  head," 
which  may  not  mean  a  thing  to  you,  and  the  less  it  means 
the  more  likely  it  is  that  you  need  to  know.  The  other 
thing  you  can  do  is  to  look  in  the  back  numbers  of  the 
papers  until  you  find  something  of  the  kind,  or  else  write 
to  the  editor  and  ask  him  to  publish  something  about  it. 
The  textbook  writer  cannot  Ije  expected  to  do  this  be- 
cause his  ])rofit  lies  in  writing  the  kind  of  book  that  will 
sell  best — the  kind  that  college  students  can  read  and 
will  be  impressed  with  because  of  its  apparent  difficulty. 

The  main  problem  in  self-education  is  to  find  the  right 
reading  matter.  Get  it  as  simple  as  necessary  for  a 
beginning  and  the  more  difficult  reading  will  later  become 
easy. 

m 

Boston  is  paying  $103  per  year  per  arc  light.  Let's 
see.  Was  not  Massachusetts  one  of  the  first  states  to 
adopt  a  Public  Service  Commis.sion? 

Maximum  efficiencies  to  the  engineer  are  like  the  fixed 
stars  to  the  mariner;  though  neither  can  be  touched,  they 
are  invaluable  as  guides  to  the  right  way. 

Xow  is  the  time  to  begin  arranging  the  educational 
program  for  the  coming  season.  Organizations  which  wait 
until  October  will  find  themselves  handicapped. 

The  elevator  operator  who  makes  a  habit  of  depending 
on  the  automatic  to  stop  the  car  at  the  top  of  its  travel  is  [  \f 
another  of  those  didn't-know-it-was-loaded  fellows. 
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Under  the  above  heading,  on  page  25,  July  7,  W. 
Burns  says  some  things  entirely  new  to  nie.  1  liave  liad 
no  experience  with  connecting  rod-end  hearings  (or 
other  bearings)  that  would  expand  away  from  the  pin, 
and  I  have  never  seen  a  crankpin  gripped  enough  to  slow 
down  the  engine.  I  have  seen  them  smoke  and  flash 
fire,  but  the  engine  did  not  slow  down  until  the  throttle 
was  closed. 

My  rule  is  to  make  all  adjustments  when  the  parts 
are  expanded,  the  first  thing  after  shutting  down  after 
the  day's  run.  I  do  not  think  the  type  of  rod  end  has 
much  to  do  with  the  safe  adjustment  of  the  boxes. 

L.  JonxsoN. 

Exeter,  X.  H. 


I  have  been  much  interested  in  Power's  accounts  of 
boiler  explosions.  Here  are  illustrations  showing  an 
exploded  Ijoiler  in  Hawaii. 


I  believe  the  crown-sheet  gave  way  first  above  the  fire- 
door.  Few  of  the  stay-bolts  were  broken,  and  these  were 
broken  probably  when  the  boiler  struck  the  ground  and 
rebounded.  All  the  stay-bolts  show  that  they  had  been 
very  hot,  and  some  of  the  heads  had  small  blisters. 

Xo.  2  boiler  was  tilted  over  on  its  side  and  it  is  a 
wonder  that  it  did  not  explode.  Steam  poured  from 
every  broken  connection  and  there  was  some  noise! 
Here  in  Hawaii  there  is  no  law  that  requires  boilers  to 
be  inspected  and  no  license  law  for  engineers  or  firemen. 
Chkstei!  E.   Blacow. 

Paauilo.  Hawaii,  T.  H. 


jripefiaeatainig 

On  page  24  of  the  July  7  issue,  'Sir.  Olmstcad  describes 
the  means  to  preheat  the  air  for  combustion.  In  our 
jilant  the  air  is  preheated,  but  in  a  different  manner. 
The  ceiling  of  the  boiler  room  is  low  and  the  air  is 
drawn  over  the  tops  of  the  boilers  to  the  forced-draft 
fan.  which  is  housed  in  and  connected  to  this  area  only. 

This  air  is  usually  about   150  deg.,  which  saves  con- 
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The  explosion  occurred  one  Saturday  afternoon  about 
4:20  p.m.  and  was  the  result  of  low  water.  The  native 
Hawaiian  fireman  was  killed  and  his  body  blown  into 
the  street  about  60  ft.  A  passerby  was  badly  hurt  l)y 
flying  timbers,  etc. 

The  locomotive  type  boiler  was  one  of  a  j^air  usi'<l  to 
operate  a  coal  hoist  and  conveyor.  Fig.  1  s]u)Ws  where  it 
fell  after  flying  about  15il  ft.  through  the  air  and  dc- 
scriliing  one  f()in|)h'te  somersault  before  it  sto])i)ed.  At 
the  lower  part  of  Fig.  1  the  edge  of  the  torn  crown-sheet 
may  be  seen. 

Fig.  2  shows  the  interior  of  tlie  firebox,  with  the  crown 
and  tulie  sheets  pulled  off  from  the  stay-l)olts  an<1  tubes 
and  folded  l)ack  upon  the  front  of  the  firebox.  The  white 
spots  are  small  patches  of  scale.  Fig.  3  is  another  in- 
terior view  of  the  firebox  looking  toward  the  door,  show- 
ing the  stay  rods  and  the  stay-iiolfs  stipporting  both  the 
CTOwn-sheet  and  the  front  of  the  firebox.  At  the  left  side 
of  the  firebox  door  and  at  the  lower  side  the  plate  tore 
like  a  sheet  of  paper. 


sideral>le  coal  and  lu'l])s  ventilate  ilie  boiler  room.  This 
system  has  given  good  results  for  several  years. 

Although  there  may  be  some  reasons  for  not  doing  so, 
it  seems  to  me  that  the  condensation  referred  to  should 
go  back  into  the  boilers,  where  it  would  do  nmre  good 
than  heating  the  air  for  combustion.  Ff  it  contains  oil 
it  can  be  purified.  'I'he  amount  of  saving  by  jmtting  the 
Lot  water  directly  into  the  boiler  would  lie  12  to  14  jter 
cent,  if  the  makeup  water  is  cold. 

Another  waste  of  heat  is  in  the  Hue  gas.  In  many 
of  (he  larger  ))lants  economizers  are  installed,  which  use 
jiart  of  it,  but  in  the  average  small  oi'  medium-sized 
plant  no  attempt  is  made  to  save  any  of  this  heat,  which 
is  usually  at  from  450  to  000  deg. 

Some  time  ago  (he  air  for  lieating  a  certain  building 
was  blown  by  a  fan  through  a  heater  in  (he  Itreeching 
of  the  boiler  and  heated  by  the  waste  gases.  This  sys- 
tem in  some  instances  might  have  its  good  points,  al- 
Ibough  it  would  reijuirc  frequent  cleaning  ami  would 
decrease  the  draft  to  some  extent.    This  same  idea  miirht 
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be  used  to  advantage  in  heating  the  air  for  combustion 
provided  tliere  was  forced  draft.  I  know  of  one  instant-c 
in  whiclr  the  liot  air  from  over  the  tops  of  the  boilers 
■«-as  used  by  means  of  a  fan  to  heat  the  adjacent  work- 
rooms, but  on  account  of  the  amount  of  gas  in  it.  and 
also  the  soot,  it  was  discai'ded  for  direct  radiation. 

J.  V.  Hawkins. 
Hvattsville.  iMd. 


While  the  device  used  for  preheating  is  ingenious,  yet 
a  closer  analysis  would  seem  to  indicate  that  he  must 
look  to  something  else  than  his  preheater  for  this  saving. 

Let  us  assume  that  the  preheater  is  capable  of  raising 
the  temperature  of  the  air  supplied  to  the  furnace  to  the 
same  temperature  as  the  water,  namely,  about  200  deg. 
F.  from  an  initial  temperature,  of  say,  60  ,deg.  F.  Since 
the  speciiic  heat  of  air  at  constant  pressure  is  0.2375,  this 
preheating  of  l-fO  deg.  would  amount  to  a  heat  absorp- 
tion per  pound  of  dry  air  of 

I-IO  X  0.2375  =  33.25  B.l.u. 
Since  one  pound  of  coal  burned  under  usual  conditions 
requires  abotit  23  lb.  of  air   (allowing  for  a  reasonable 
excess),  the  preheating  ])er  ]iound  of  coal   burned  would 
be  about 

33.25  X  22  =  731.5  B.f.ii. 
no  allowance  being  made  for  the  heat  jiicked  up  by  the 
small  amount  of  water  vapor  present  in  the  air.  Assiun- 
ing  that  the  coal  is  completely  burne,d  and  has  a  heat 
value  of  14,500  B.t.u.  per  pound,  the  amount  of  heat 
supplied  to  the  furnace  per  pouml  (it  (cial  burned  would 
be  only  about 

731.5  -H  14,500  =  0.0504  or  5.04  per  mil. 
of  the  heat  of  the  fuel  burned. 

He  gives  no  data  by  which  the  steam  consumption  of 
the  pump  which  circulates  the  water  can  be  computed, 
but  since  most  small  pumps  are  notorious  for  their  steam 
consumption,  it  seems  probable  that  when  this  item  is 
considered,  any  apparent  advantage  to  be  obtained  from 
preheating  the  air  in  this  manner  will  vanish. 

WlLLI.\M    A.    DUXKLKY 

Atlantic  City,  X.  .1. 

C©2mps°®ssior  Air  Susppls^  St®ppe<^ 

This  seemingly  bad  ease  turned  out  to  be  due  to  a 
very  simple  and  natural  cause.  A  Crowell  rotary  belt- 
driven  air  compressor,  giving  about  150  to  200  cu.ft. 
of  air  per  minute,  at  15  lb.,  had  done  good  service  for 
over  a  year,  when  suddenly  it  began  to  fall  off,  both  in  its 
quantity  and  pressure  of  air.  The  chief  mechanic  did 
all  that  seemed  possible  to  repair  it,  cleaning  the  relief 
valve,  etc.,  but  in  vain;  it  would  not  compress. 

Finally,  the  brilliant  idea  occurred  to  us  that  since 
there  was  an  outlet  for  the  air  there  ought  to  be  an  in- 
let. The  inlet  was  covered  with  fine  wire  gauze,  about 
70-mesh,  to  keep  out  anything  that  might  be  detrimental 
to  the  compressor.  (This  happened  at  a  woolen  mill, 
where  the  air  may  be  more  or  less  filled  with  all  sorts  of 
flocks  and  lint.)  We  found  the  gauze  completely  covered 
■  with  a  peculiar  mixture  of  fine  lint,  dust  and  grease, 
which  acted  practically  as  though  the  screen  were  var- 
aiished.  When  the  screen  w^as  cleaned  the  air  compressor 
did  its  work  as  intended. 

C.    8.    I'-VLMEIi. 

Xewtonvillc,  ]\Iass. 


e2=®.tn®ira  ®f  fib©  Veiratitiflira  Meftey 

It  was  ';iated  in  tbc  March  24  issue  that,  in  a  properly 
cons+v  acted  venturi  tube,  the  two  cones  of  the  meter 
^night  be  separated  at  the  narrow  part,  and  yet  the 
swiftly  moving  water  at  this  point  would  jump  the  gap 
without  escaping. 
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Glass   Modul   Illustuatino    Flow    in    Ven- 
TLMU  MicTion 


Fig.  1  illustrates  a  glass  model  wbieli  demonstrates  this 
jieculiar  action.  Water  is  supplied  continuously  to  the 
cylinder  A  by  the  pipe  ('  and  at  such  a  rate  that  the 
lev(>l  is  maintained  in  the  former  at  the  top.  As  the 
water  approacbes  the  small  end  of  the  cone  E  its  speed 
IS  greatly  multiplied.  The  liquid  then  jumps  the  short 
open  space  G  without  leakage,  begins  to  lose  some  of 
its  velocity  as  it  travels  along  the  cone  F.  and  finally 
rises  nearly  to  the  top  of  tlie  evlimler  R  to  he  discharged 
through  the  outlet  pipe  D.  In  other  words,  from  a  point 
of  no  pressure  (atmospheric  pressure)  at  G,  the  water 
has  actually  flowed  "up  hill"  against  a  considerable  head. 
\Miat  has  really  happened  is  that  the  head  or  pressure 
in  A  has  been  temporarily  translated  into  velocity  at  G, 
and  then  back  again  into  the  head  in  B.  Upon  trying 
the  experiment  it  will  be  noticed,  however,  that  the  water 
level  in  B  does  not  stand  quite  as  high  as  in  A.  due 
to  the  slight  friction   loss. 

The  interior  contour  of  a  standard  venturi  meter  tube 
is  shown  by  Fig.  2.  The  shorter  or  inlet  cone  extends 
from  A  to  B,  the  flow  taking  place  in  the  direction  in- 
dicated   bv    the    arrow,    the    outlet    cone    is    about    four 
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times  as  long  as  the  inlet  cone  and  the  entire  outline 
corresponds  closely  to  the  form  taken  by  the  flowing  water 
in  passing  through  the  meter  tube  at  rates  ordinarily  met 
in  practice.  Those  unacquainted  with  the  principle  oi 
the  meter  often  refuse  to  believe  that  practically  as  much 
water  can  be  put  through  a  venturi  tube  as  through  an 
ecpial  length  of  straight  pipe  of  the  same  diameter  ai 
the  tube  iidet  and  under  tin-  same  pressure.     They  argue 
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that  it  such  were  the  ease,  they  would  make  all  of  a  pipe 
line  the  same  diameter  as  the  eontracted  part,  or  throat, 
of  the  meter  tube,  losing  sight  of  the  fact  that  the  throat 
is  very  short  and  that  pipe  friction  depends  upon  lengih 
as  well  as  upon  diameter. 

Engineers  "from  Missouri"  have  to  be  shown  by  check- 
ing the  readings  of  a  pressure  gage  in  the  pipe  line 
preceding  the  meter  tube,  before  and  after  the  meter  is 
installed,  with  all  conditions  of  operation  identical.  If 
pressure  gages  are  inserted  a.t  A,  B  and  C.  Fig.  2,  their 
hands  will  stand  at  rehitive  positions,  as  illustrated,  show- 
ing a  decided  drop  in  pressure  at  the  throat  but  appar- 
ently a  full  regain  at  the  outlet  end.  Actually,  in  com- 
mercial meters,  there  is  a  loss  in  pressure  between  .4  and 
C  of  one-quarter  pound  for  normal  rates  and  one  pound 
for  maximum  rates  within  tlio  measuring  range  of  the 
meter. 

The  throat  B  is  nuide  from  one-tliird  to  one-half  the 
diameter  at  .4.  and  the  difference  in  pressure  at  .4  and  B 
varies  from  ^V  to  10  pounds.  This  difference  always 
bears  a  definite  relation  to  the  velocity  of  the  liquid 
through  the  throat.  The  tliroat  velocity  and  the  throat 
area  being  known,  the  volume  in  gallons  or  cubic  feet  is 
easily  computed.  In  actual  practice,  ordinary  pressure 
gages  are  never  employed  because  they  are  not  sufficiently 
sensitive  to  small  variations  in  pressure.  Their  use  also 
involves  the  taking  of  frequent  readings  and  tiresome 
calculations  to  determine  the  actual  pounds,  gallons  or 
cubic  feet  discharged  in  a  given  period.  Various  forms 
of  indicating,  recording  and  registering  instruments  are 
on  the  market  which  are  adaptable  for  giving  direct  read- 
ings in  any  units  desired. 

t'HAliLES  a.   lilCHAIiDSOX. 

Providence,  IJ.  I. 


UtiUflts^  ©ff  Flow  M©t<eirs 

The  indicating  steam-How  meter  is  one  of  the  most 
useful  additions  to  the  boiler  room  in  recent  years;  with 
a   large  nundjcr  of  boilers  and   all   kinds  of  firemen,  it 
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perhaps  all  three  together.  At  regular  intervals,  read- 
ings of  the  meters  on  all  boilers  should  be  taken,  includ- 
ing the  ones  banked.  The  flow  meter  has  shown  that 
banked  boilers  will  produce  considerable  steam  just  after 
renewing  the  banks,  a  fact  not  generally  known  before. 
By  using  these  readings  a  curve  can  be  plotted  sho^^■- 
ing  the  required  boiler  horsepower  at  any  interval.  In 
a  central  station  the  use  of  simultaneous  wattmeter 
readings  will  determine  tlie  required  boiler  horsepower 
per  kilowatt-hour  or  the  pounds  of  steam  ])er  kilowatt- 
liour. 

John    F.   Hukst. 
.  Louisville.  Kv. 

r  Pip©  CotfiPtDsaOEa 

On  some  of  our  boilers  the  piping  of  the  soot-blowing 
system  lasted  only  a  few  months  before  it  wasted  awa> 
internally.    At  first  the  trouble  was  thought  to  he  due  to 
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IS  become  almost    indispensaljle.  'i'lie  engineer  can  de- 

ct   a   boiler   thai    is  not  steaming  properly,   whether  it 

the   fault    of   the   fireman,    the   coal    or   tlic   boiler,   or 
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water  of  cotulensation  standing  in  the  lines,  but  a  thor- 
ough system  of  drains  was  installed  which  proved  the 
fallacy  of  this  idea.  It  was  found  that  the  operator  had 
been  leaving  the  individual  valves  ojien  on  the  branch 
lines.  The  result  was  that  the  difference  in  the  draft  be- 
tween the  front  and  rear  of  the  boiler  caused  a  circula- 
tion of  gases  through  tlie  soot-blowing  pipe  outside  the 
setting,  which,  mi.xing  with  the  moisture  present,  formed 
a  highly  corrosive  acid.  By  keeping  all  the  branch-line 
valves  closed  when  the  l)lower  was  not  in  use  the  cor- 
rosion stopped. 

The  illustration  shows  the  anu)unt  of  draft  at  points 
A,  B  and  C,  which  will  explain  how  a  circulation  of  gas 
through  the  ])i[ie  was  possible.  This  was  tlie  only  trouble 
of  this  kind  in  our  i>lant  for  years. 

.John  F.  Hi'RST. 

Louisville.  Ky. 

;*' 
Hew   Coo]lBBii^=To^«''eir    Oesi^ia 

\'isiting  a  new  power  plant  recently,  1  saw  what  was 
api)arently  a  light  and  efficient  cooling  tower.  It  was  sit- 
uated on  the  roof  of  the  plant  and  was  arranged  as  in  the 
illustration. 

The  frame  was  of  angle-iron  corner  posts,  with  hori- 
zontal ties  of  2x4-in.  cypress,  bolted  to  the  corner  angles 
at  intervals  of  about  three  feet.  To  these  ties  were  fas- 
tened    one-quarter-incb     mesh    galvanized    wire    gravil 
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screens,  stretched  across  the  tower  to  distribute  the  water. 
The  distributiug  box  at  the  top  was  also  of  galvanized 
sheet  iron  and  wire  screen.  Instead  of  the  usual  wooden 
siding  or  splash  boards,  galvanized  sheet-iron  plates  wore 
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CooLixG  Tower 

used  supported  by  brackets.    The  parts  are  easily  repaired 
or  replaced  and  the  cost  of  maintenance  is  small. 

Water  is  broken  up  into  a  fine  mist  after  spreading  it- 
self over  the  screens  before  falling  to  the  nest  lower  one. 
The  tower  has  proved  remarkably  efficient  in  the  hottest 
weather  compared  with  other  towers  not  using  forced 
draft. 

B.  AV.  Dexxis. 

Columbus.  Ohio. 

Si 

TSatp^st  Beaipninigs 

Turbines  with  vertical  shafts  or  other  heavy  machines 
running  on  such  shafts,  exert  a  great  pressure  on  the  step 
bearing,  and  it  is  difficult  to  keep  it  cool  for  two  reasons. 
The  lubricant  is  squeezed  out  of  the  bearing  and  there 
is  a  tendency,  due  to  centrifugal  force,  for  it  to  be 
worked  out  to  the  periphery,  where  it  runs  off ;  and  there 
is  no  good  way  to  get  it  back  to  the  center.  There  are 
many  cases  where  the  position  of  the  bearing  renders 
lubrication  specially  difficult. 

In  these  instances  it  is  well  to  employ  anti-friction 
bearings,  with  conical  rollers.  These  must  be  arranged 
exactly  radially,  with  all  their  axes  in  a  plane  exactly 
at  right  angles  to  that  of  the  shaft;  and  so  that  they 
may  not  touch  each  other.  These  three  points  being  taken 
care  of,  there  will  be  a  great  reduction  in  the  friction, 
assuming  that  the  rollers  are  of  the  same  diameter  and 
taper  and  of  good,  uniformly  hard  metal. 

In  one  test  the  weight  on  the  bearing  was  8000 
pounds;  the  bearing  had  an  area  of  76.58  sq.in.,  making 
104.5  pounds  per  sq.in. ;  the  power  required  to  rotate 


the  shaft  by  a  pull  on  a  radius  of  lOi/g  in.  with  a  plain 
bearing  was  400  pounds.  With  a  conical  roller  bearins. 
the  area  and  load  being  the  same,  ^^0  pounds  only  was  re- 
quired to  rotate  the  shaft.  In  the  first  case,  the  coeffi- 
cient of  friction  was  0.05 ;  in  the  second,  only  0.0025. 

In  freezing  weather,  when  oil  will  not  flow  down  to 
the  footstep  of  a  water  turbine,  about  the  only  way  to 
keep  the  step  in  good  condition  is  to  use  roller  bearings. 

RouKUT  Gr.nisHAW. 

Dresden,    (ierniany. 

Masadly  Soft  Maffimffimer 

Every  engineer  realizes  that  a  coiiiiov  hammer  or  one 
of  some  other  soft  metal  is  almost  a  necessity  around 
the  power  plant,  although  it  is  sometimes  impossible  to 
get  the  company  to  see  it.  An  engineer  can  usually  have 
a  cheap,  serviceable  hammer  by  melting  some  old  bab- 
bitt or  lead  pipe  usually  to  be  found  around  the  plant 
and  pouring  it  into  a  suitable  mold. 

The  mold  may  be  made  as  follows:  Clamp  together 
flatwise  two  pieces  of  2x4-in.  hard  wood  about  6  in.  long. 
Bore  a  hole  2yo  in.  in  diameter  by  4  in.  deep  (half  of 
the  circle  in  each  block)  ;  then  at  the  center  gouge  out 
a  socket  to  hold  the  eye  core.  Make  the  core  out  of  a 
piece  of  hammer  handle,  slightly  tapered,  so  that  it 
may  be  easily  driven  out.  With  the  core  in  place,  clamp 
the  mold  in  the  vise  and  pour  in  the  metal.  When 
cold,  the  mold  may  be  taken  apart  and  the  eye  core 
knocked  out. 

This  hammer  will  stand  a  lot  of  hard  usage,  and  when 
broken  it  may  be  recast.     Molds  for  different  sizes  can 
be  made  as  wanted,  and  if  taken  care  of  they  will  last 
or  years. 

If  a  crucible  is  at  hand,  use  brass  or  copper  instead 
of  lead  or  babbitt.  The  wood  mold  cannot  be  used 
because  tlie  temperature  is  too  high.  A  mold  made  of 
a  split  pipe,  however,  will  do  very  well  for  a  brass  ham- 
mer. 

J.  C.  HaW'Ki.vs. 

Hvattsville.  Md. 


The  breaking  of  a  tooth  in  the  drive  pinion  on  the 
main  shaft  of  a  large  gas  engine  caused  the  drag  shaft 
to  be  forced  back,  shearing  two  studs  and  splitting  its 


Key  IxsEiiTED  to  Hold  Bkokkx  Be.vi;- 

IXG    IX    PL.4CE 

bearing  the  entire  length.  As  there  was  not  time  to  wait 
tor  a  new  bearing  from  the  factory,  tlie  broken  one  was 
taken  out,  the  side  squared  up  and  th'^  slot  in  the  bed. 


Auffust  i.  191-4 


POWER 


183 


■where  it  had  been  trued  up  for  tlie  ^tearing,  was  filed 
S()uare.  The  bearing  was  then  replaced  and  a  %-in. 
key  driven  in  the  space  between  it  and  the  end  of  the 
slot,  forcing  the  two  halves  of  the  bearing  seenrely  to- 
gether. Tliis  key  was  then  secured  by  a  %-in.  cap- 
screw.  The  entire  operation  did  not  take  more  than 
tliree  hours  from  the  time  of  breaking  the  tooth  until 
the  engine  was  running  again. 

William   \An;iiAX. 
Salem.  Oliio. 


bituminous  coal,  weighing  it  out  to  the  day  and  the 
night  man,  weigli  the  ash  made  by  each,  meter  the  evap- 
oration, the  kilowatt  output,  etc.     The  evaporation  aver- 


A  honu-made   autdiiialii-   izravity   skiniiiier  for   boilers 
is  shown  here.     It  works  well,  taking  out  about  half  a 

gallon  of  thick,  muddy 
mixture  every  hour, 
when  river  water  is 
used. 

The  body  .1  is 
wrought-iron  P  i  P  e 
(about  S  in.  is  a  good 
size),  capped  or  flanged 
at  each  end.  Pipe  B 
is  connected  to  the  sur- 
face blowoff;  ('  is  con- 
nected to  the  bottom 
blowofl  pipe  between 
the  valve  and  the 
ijoiler.  This  construc- 
tion is  different  from 
any  I  have  seen.  (The 
pipes  B  and  C  are 
taken  from  the  top  of 
the  boiler,  with  one  ex- 
tended down  inside  to 
the  water  level  and  the 
other  below  it). 
The  pipe  D  is  the  blow- 
off  from  the  mud  col- 
ector.  The  bottom  E 
hould  be  as  low  or 
it   mav  be  at  aiiv  coii- 


Gl!AVITY    BOILEK    SkUIMKI!         1 


lower  than  the  boiler  bottom  but 
venient  point. 

The  skimmer  will  |)rove  satisfacKJi-y  only  when  a  fairly 
constant  water  level  is  iiiaiiitaiitc(l.  in  which  case  it  will 
do  as  good  work  as  any. 

.Ia.mls  K.   \(Mile. 

Toronto.  Out. 

In  the  Mar.  31  issue,  undor  Ibc  foregoing  title,  .\.  E. 
Anderson  shows  a  good  steam  diart,  but  I  want  to  show 
one  nuide  by  my  men  under  different  conditions. 

Instead  of  a  battery  of  boilers,  as  Mr.  Anderson  has, 
wjiicli  certainly  steadies  tlio  load  and  gives  a  better  chart, 
we  have  one  175-hp.  return-tubular  boiler  in  service  at 
a  time.  Wiien  our  load  is  lighting,  for  instance,  and  the 
l()-]i|).  motors  for  the  elevator  service  arc  cutting  in  and 
out,  or  frequent  changes  of  80  hp.  in  the  load  occur,  we 
will  be  carrying  over  200  hp.  besides  using  steam  for 
other  purposes,  such  as  pumps,  turkish  bath,  etc.  This 
means  that  the  boiler  is  doing  nearer  22.5  hp. 

We  clean  the  fire  at  I  )).m.  and  again  at  4  a.m.  The 
feed  water  ranges  near  21<>  <leg.  all  of  the  time.    Wc  burn 


Stkaai  t'HAirr,   Showi.nc   Sri:A.M    Piikssure  C.^rried 
WITH   IIaxi)   Fiinxii 

ages  9  lb.  of  water  per  pound  of  fuel  «ilh  an  ash  per- 
centage of  between  8  and  10. 

The  boiler  is  hand  fired  ami   the   lirenien  are  careful. 

.\sA   P.  Hyde. 

Binghamton.  X.  Y. 

Sl(n)inme=Msi.dl®  Gs'^plhntle  IBonler 
Feedletr 

The  illustration  shows  a  simply  and  ca.-ily  constructed 
graphite  feeder  that  I  built  some  time  ago.  and  whii-li 
]3roved  satisfactory  in  every  way. 

To  make  it,  take  a  piece  of  6-in.  cast-iron  pipe  A,  21 
111.  long,  threaded  and  plugged  at  the  ends,  as  at  Jt 
In  one  plug  insert  a  petcock  C.  which  serves  as  a  drain 
and  also  shows  when  to  refill  with  grajihitc. 


IIomk-Made  (Jkai'iiiik   Fllukk 

The  pipe  .1  is  secured  to  the  boiler  I'ecd-watcr  line 
by  two  straps  D.  At  the  top  of  the  tank  A  there  is  an 
opening  for  tilling.  The  water  in  injected  through  the 
••,,-in.  pipe  and  valve  F,  the  latter  regulating  the  flow, 
the  graphite  being  forced  into  the  feed-water  line  through 
the  1-in.  pipe,  which  has  a  valve  to  control  the  amotint 
fed. 

«  J.  A.  Luc.vs. 

■      Ozone  Park,  L.  1.,  N.  Y. 
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In  the  issue  of  June  17,,  1913,  K.  L.  Daugherty  de- 
scribed a  water  rheostat  for  2200-volt,  three-phase  cui-- 
rent.  which,  while  undoubtedly  satisfactory  for  that  par- 
ticular test,  left  the  impression  that  a  water  rheostat 
can  be  used  on  2200-volt  power-plant  testing  provided  a 
creek  is  available.  As  a  matter  of  fact,  a  small  stream 
of  water  under  a  few  pounds  pressure  from  an  ordinary 
garden  hose  will  supply  all  the  water  necessary  for  200 
kw.  or  anore. 

The  drawing.  Fig.  1,  shows  a  2300-volt,  single-phase 
or  three-phase  water  rheostat  constructed  from  ma- 
terial which   is  always  available  around  a  power  plant. 


iFor&ngie  phax  insfaUat'ion,. 
omit  cross  piece  and  extend 
center  piece  as  shown  k/ 
doffed //ne.  using  tyro  elect- 
rodes instead  of  three. 


!^2  'Pipe  Cojp::nj  , 
1-2  Common  NxtureStud 

Fio..   1.     Showixg  Coxstiuctiox  of  Rheost.\t 

Two  frames  are  constructed  in  the  forni  of  a  T,  to  which 
114-in.  pipes  are  secured  at  the  three  ends,  as  shown. 
This  triangle  of  pipes  forms  the  electrodes,  to  which 
wires  of  any  convenient  size  are  attached  by  soldering 
or  by  means  of  screws.  A  1-in.  pipe  is  placed  in  the 
center  of  the  triangle  as  a  support  and  guide  fer  the 
electrodes,  and  a  ^A-in.  pipe  is  secured  in  the  center  of 
the  bottf.m  of  any  large  barrel.  This  latter  pipe  fit^ 
inside  of  the  first,  so  as  to  prevent  the  electrodes  from 
swinging  to  the  edges  of  the  barrel.  It  is  well  to  re- 
move the  top  hoop,  as  it  prevents  the  possibility  of 
charring  the  ends  of  the  staves.  A  hose  bibb  can  be; 
inserted  near  the  bottom  of  the  barrel  for  attaching  a 
•■)4-in.  hose,  or  the  hose  can  be  dropped  into  the  toj) 
of  the  biu'rel.  The  rheostat  can  be  supported  on  blocks 
of  wood  or  rest  directly  on  the  ground.  Water  can  be 
allowed  to  overflow  the  top  edges  of  the  barrel  or  may 
be  carried  away  through  a  pipe  attached  near  the  top. 

"VMien  the  barrel  is  filled  with  water  the  electrodes  can 
be  easil}^  adjusted  to  a  level  position  so  as  to  equalize 
the  load  on  each  phase.  Any  desired  load  within  the 
capacity  of  the  rheostat  can  be  obtained  by  adjusting  the 
depth  of  emersion.  The  capacity  of  such  a  rheostat 
depends  on  the  quality  and  quantity  of  water  available 
for  cooling  purposes.  The  chart  in  Pig.  2  shows  a 
few  capacitv'-emersion  curves  for  different  qualities  and 
pressures  of  water.  The  form  of  the  load  curve  depends 
upon  the  quantity,  hence  the  pressure  of  cooling  water 


and  the  angle  or  slope  of  the  curve  dejiends  on  the  quality 
of  the  cooling  water.  The  lower  curve  is  the  result  of 
using  slightly  brackish  cooling  water. 

The  writer  has  used  this  type  of  rheostat  extensively 
on   2200   volts   in   various   sections   of   the   countrv.     A 
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"Kw.  Load  on  Rheostat  with  2200-Yolt.Three- Phase  Current 


Fig. 


C'APACITY-EilERslOX    Cl-nVES 


rheostat  constructed  with  a  .5G-gal.  oi!  barrel  and  elec- 
trodes in  a  triangle  13  in.  on  centers  will  have  a  ca- 
pacity of  from  50  to  400  kw.  ilere  contact  of  the  elec- 
trodes with  the  water  will  jiroduce  a  load  of  from  3  to 
15  kw.  The  capacity  can  be  inci-eased  by  reducing  the 
size  of   the  triangle  or  incveiisiiiL;-   the   size   of   the   elec- 


FiG.  3.     Rheostat  ix  Service 

trodes.  but  in  no  case  should  the  electrodes  be  less  than 
eight  inches  on  centers.  With  a  steady  flow  of  cooling 
water  constant  load  can  be  maintained. 

P.    M.    AXDERSOX. 

Washington.  D.  C. 
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Fluctuation  of  Gove 

tain   uniform   speed    for 


' — Can  a  centrifugal  grovernor  main- 
-erent  loads  carried   by  the  engine? 
C.   R. 
Only  approximately,  as  each  load  requires  a  different  posi- 
tion of  the  throttle  or  cutoff  valve,  and  the  different  positions 
required   of  the   governor   balls  are   only   attained   by   different 
speeds  of  the  engine. 


Advantage  of  Dnteh-Ove 

jf  the  Dutch-oven   furnace? 


-What  is  the  advantage 


\V. 


The  principal  advantage  is  in  having  a  large  combustion 
chamber  and  longer  path  for  the  hot  gases  before  reaching 
the  comparatively  cool  surfaces  of  the  boiler,  thus  permitting 
of  combustion  at  a  higher  temperature. 


OutHiile  Pafke«l  Pumii — What  is  meant  by  an  outside  paclsed 
pump? 

J.    P. 

One  having  a  plunger  piston  which  is  packed  from  the 
outside  of  the  cylinder  by  means  of  a  gland  and  stuffing  box, 
as  distinguished  from  an  ordinary  piston  pump  in  which  the 
piston    pacl<ing   is    inside    of   the    pump    cylinder. 


Differential  I'lunKer  Pump — AVhat  are  the  advantages  of  a 
differential    plunger    ijump? 

R.    T. 

With  a  simple  plunger  or  bucket  pump,  the  discharge  is 
intermittent,  whereas  with  a  differential  plunger  pump  on  the 
up-stroke  twice  the  amount  of  water  discharged  is  drawn  into 
the  lower  chamber,  and  on  the  down  stroke  one-half  of  that 
ilrawn  into  the  lower  chamber  is  discharged.  The  continuous 
discharge  permits  use  of  a  smaller  discharge  pipe,  is  less 
productive  of  shoclvs  and  prevents  the  accumulation  of  sand 
or  sediment  on  the  discharge  valves. 

Current  for  Three-Phase  Motor — What  current  would  be 
required  in  each  phase  for  10-hp.,  three-phase.  500-volt  motor? 

C.  B. 
A    motor    of    the    size    stated    would    have    an    efficiency    of 
about   88   per   cent.,    so   that    the    required    input   would    be 

10   -=-   0.88   =   11.36  hp.  or  S474  watts. 
.\ssuming    the    power    factor    at    85    per    cent.,    then    using    the 
formula  for  the  power  in  a  three-phase  circuit,  viz: 

Watts   =   amperes    X    volts    X   ]    3    X    power  factor 
and    substituting 

8474    -i:    amperes    X    500    X   ]     3    X    0.85 
or   amperes    :=    11.5. 


Vertical  vs.  Horizontal  AVater  TurltlneM — What  are  the 
relative  advantage's  of  vertical-shaft  and  horizontal-shaft 
water   turbines? 

.M.   G. 

There  is  practically  no  difference  in  efficiencies.  A  vertical 
shaft  turbine  requires  less  floor  space  and  is  generally  pref- 
erable for  low  heads  where  it  is  necessary  to  set  the  turbine 
down  near  the  level  of  the  tail  water.  Horizontal  shaft  tur- 
bines are  more  desirable  for  any  situation  where  it  is  prac- 
tical to  use  them  on  account  of  greater  accessibility,  less  bear- 
insT  trouble,  capability  of  direct  connection  to  horizontal  gen- 
erators and  adaptability  of  power  transmission  to  horizontal 
shafting. 

Wlilch  End  of  I'yiinder  KeceiveH  More  .Steam  f — W'lien 
there  is  the  same  percentaee  of  clearance,  the  same  back 
pressure  of  the  exhaust  and  the  same  power  developd  In  each 
end  of  an  engine  cylinder,  which  end  receives  the  greater 
amount  of  steam? 

O.  II.  D. 

With  the  cutoff  of  the  head  end  occurring  at  the  most 
economical  point  or  later  in  the  stroke,  the  less  piston  dis- 
placement In  the  crank  end  of  the  cylinder  due  to  the  presence 
of  the  piston  rod,  would  require  a  higher  mean  effective  pres- 
stire  for  development  of  the  same  power:  hence  with  the  same 
initial  pressure. there  would  be  a  later  point  of  cutoff  and  less 
l"neflt  from  working  the  steam  expansively  in  the  crank  end 
of  the  cylinder  and  consequently  more  steam  would  be  re- 
quired for  developing  the  same  power. 


Required  Voltage — How  is  the  electromotive  force  found 
which  will  force  15  amperes  through  a  60-cycle  circuit  hav- 
ing a  resistance  of  15  ohms  and  an  inductance  of  0.08  Henry? 

S.   C. 

Solution    is    by    the    formula 


E    =    1      ^     R=    -f-     (2irfL)-' 
in   wiiich 

E    =    Electromotive   force: 
I    =    Current; 
R   =    Ohms   resistance: 
f    =    Frequency: 
L    =    Inductance    in   Henrys: 
IT    =    3.1416. 
Suijstituting  we  obtain; 


E  =  15-[/152  -h   (2   X   3.1416    X   60    X   0.08)-  =   505  volts. 

Mechanics  Problem — If  two  men  are  to  carry  a  weight  of 
250  lb.  on  a  pole  10  ft.  long,  where  must  the  weight  be  hung 
to  let  one  man  carry  only  25  lb.? 

P.  J.  M. 

The  other  man  must  carry 

250  —  25  =  225  lb. 
The  distances  from  the  point  where  the  weight  is  suspended  to 
the  points  held  by  each  man  will  be  inversely  proportional 
to  the  two  weights,  and  25  being  contained  in  225  nine  times, 
the  distances  will  be  1  to  9,  or  the  total  10.  Therefore,  if  the 
weight  is  put  1  ft.  from  the  man  who  carries  225  lb.  the  other 
man  would  only  have  to  carry  25  lb.,  his  distance  being  9  ft. 
from  the  weight.  Problem  26,  answered  in  Lesson  VII  of  the 
Engineers'  Study  Course  on  Elementary  Mechanics,  page  642 
of  the  May  5,   1914,   issue,  was  a  similar  problem. 


Clearing  ObNtrticted  AVater  Pipes — How  can  incrustations 
or  deposits  in  water-supply  pipes  l^e  removed  without  using 
a  solvent  T/hich  would  impair  the  potability  of  the  water 
supply? 

C.   G. 

For  clearing  large  water  pipes  various  forms  of  mechanical 
cleaners  are  employed  which  are  forced  through  the  pipes  and 
are  operated  by  water  pressure.  These  loosen  the  scale  and 
tubercules  by  the  action  of  revolving  or  vibrating  cutters. 
Service  pipes  IV^  in.  and  less  in  size,  which  have  become 
clogged  by  soft  deposits  or  obstructed  from  the  formation  of 
tubercules,  have  been  successfully  cleared  by  forcing  through 
them  wads  of  manila  tissue  paper  rolled  into  small  crumpled 
balls  of  dry  paper,  which  are  introduced  at  the  pipe  outlet 
and  are  forced,  one  at  a  time,  back  into  the  main  by  means  of 
water  discharged  from  a  hand  force  pump  connected  at  the 
pipe  outlet.  When  a  pipe  is  cleared  In  this  manner  the  wads 
introduced  should  be  gradually  increased  in  size,  and  the 
flow  should  be  tested  after  each  paper  ball  is  forced  through 
the   pipe. 


Spacing  Flange  Uolt  Holes — What  is  the  rule  by  which  to 
set  dividers  to  lay  off  the  centers  for  any  number  of  bolt 
holes  in  a  flange?  For  e.xample,  how  would  nine  holes  be 
spaced  on  an  IS-ln.  bolt  circle? 

W.    F.    L. 

The  finding  of  the  exact  distance  between  bolt  holes  on  a 
flange  circle  is  generally  a  matter  of  cut  and  try.  We  would 
suggest  the  following  as  the  best  method:  Get  the  circumfer- 
ence of  the  bolt-hole  circle  by  multiplying  the  diameter  by 
3.1416;  divide  this  by  the  number  of  bolts.  Space  off  with 
dividers,  set  to  some  fraction  of  this  distance,  the  number 
of  steps  it  Is  necessary  to  go  from  point  to  point  along  the 
circle  and  having  determined  the  distance  between  the  holes, 
set  the  dividers  with  a  point  on  each  center  and  lay  oft  the 
rest  of  the  holt  holes  directly.  If  there  is  a  slight  error  in 
completing  the  circle,  divide  this  error  by  the  number  of  holes, 
reset  the  dividers,  and  lay  off  again.  For  example,  to  space 
nine  bolt  holes  In  an  18-in.  circle,  the  procedure  might  be  as 
follows:  The  circumference  of  the  circle  will   be 

18  X  3.1416  =  56.55. 
This  divided  by  9  would  equal  6.28,  or  very  nearly  6%  in. 
Setting  the  dividers  at  %  In.,  lay  off  this  space  (6^i  4-  %  =) 
25  times  along  the  circumference.  The  distance  between  the 
two  ends  of  this  arc  will  be  the  chord  between  the  bolt 
holes  and  the  dividers  can  be  set  directly  at  this  distance  and 
the  rest  of  the  holes  laid   out  at  once. 


186  POWER  Vol.  40,  No.  5 

liiiiiiiiiimuiiiiiiiiniittiiiiiiiiiinniiiiiiiiimiiiiiniiiiinniiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 


^imslinK 


'Ti 


)t^d 


iiiiliiiiigiiiiiwiiiiiiiiininiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiniiniNiiiiiiiiiiiiiiniiiiNiiiiiiiiiiiiiiiiiiiiiiiiiminm 

Therefore,  the-  total  pull  in  the  cable  while  the  load 
is  go'tting  under  wa}'  is  equal  to 

20,000  +  777.-4  =  20,777.4  lb. 
!)0.     When  the  flywheel  is  coming  lo  rest  its  inertia 
will  tend  to  reduce  the  tension  in  the  cable.     The  force 
of  inertia  will  equal 

20,000 
32.16 
and  the   tension   in   the  cable   is  equal   to 
20,000  —  1244  =  18.75G  lb. 


Last  Les.sox's   Answers 

86.  If  it  were  not  for  the  force  of  gravity  the  dis- 
tance the  plate  would  move  in  T  sec.  would  be  UT  ft. ; 
but  during  the  same  time  gravity  acts  and  retards  the 
motion  of  the  body  by  an  amount  equal  to  1/2  9^'; 
therefore  the  total  distance  passed  over  Ijy  a  body  pro- 
jected vertically  ujiward  may  be  found  from  the  equation. 

S=VT—U>flT-  (.")()) 

where 

r  ^  the  initial  velocity  of  the  body  in  feet  per  sec- 
ond ; 
T  =  The  total  time  of  flight  in  seconds. 
If  the  vahxe  of  S  should  work  out  negative  it  means 
that  the  body  had  reached  its  highest  point  and  had  re- 
turned to  the  ground  before  the  completion  of  the  as- 
sumed time.     Furthermore,  the  above  equation  does  not 
state  whether  the  body  is  rising  or  falling,  but  this  may 
be  determined  by  ascertaining  the  tin;e  of  ascent   from 

the  equation  Tj  =  -.     In  this  problem 

l^^  =  ,+  sec. 

Henci'  at  the  end  of  the  second  second  the  plate  is 
still  rising,  and  its  height  from  the  ground  is  found 
thus : 

s  =  rr  —  I'.fjT-  =  101)  X  2  —  Vj  X  32.16  X  2-  = 

13.1.7  ft. 

87.  The  density  of  water  is  the  mass  of  a  cubic  foot 
of  water,  and  at  about  39  deg.  F.  is  62.4  lb.  per  cu.ft. 

The  density  of  coal  varies,  depending  xipon  the  size 
and  kind  of  coal.  An  average  value  for  anthracite  coal 
is  96  lb.  per  cu.ft.  When  piled  in  heaps  the  density 
will  average  about  55  lb.  per  cu.ft. 

The  specific  gravity  of  a  material  is  its  weight  com- 
pared with  an  even  volume  of  water.  Thus  the  density 
of  wrought  iron   is  480    lb.    per  cu.ft..   but   its   specific 

.,     .     480 
gravity  is  ^^  =  .  +. 

88.  From  equation  (47)  F  =  M  X  a-  In  this  case 
the  mass  is  100  lb.  and  the  acceleration  is  4  ft.  per  sec, 
hence  the  force  F  in  poundals  is  equal  to  100  X  4  ==  400. 

89.  The  weight  of  the  flywheel  is  10  tons,  or  20,000 
lb.  When  the  wheel  is  suspended  from  the  crane  hook 
the  tension  in  the  cable  is  20,000  lb.  (neglecting  the 
weight  of  the  block,  cable,  etc.),  but  when  the  weight 
is  being  put  in  motion  the  tension  in  the  cable  is  in- 
creased an  amottnt  equal  to  the  force  which  is  required 
to  overcome  the  inertia  and  to  give  the  desired  accelera- 
tion. This  force  may  be  found  from  equation  (49), 
V'here 


X  2  =  1244  Id. 


ir 


X  « 


F  = 


20,000 
33.16 


X  1.25  = 


.4  li. 


WOTiK 

A  force  is  said  to  do  work  when  it  overcomes  a  resist- 
ance and  causes  an  object  to  move  in  any  given  direction, 
or,  as  commonly  expressed,  work  is  the  overcoming  of 
a  rcsislanre  througli  a  definite  distance.  A  horse  mov- 
ing a  loaded  van  does  work ;  the  steam  acting  on  the 
piston  of  an  engine,  by  overcoming  an  external  resist- 
ance, does  work.  An  engineer  may  tug  at  the  flywheel 
to  move  his  engine  off  dead  center,  but  no  work  will 
be  done  unless  he  has  stitficient  strength  to  turn  the 
wheel.  Hence  the  idea  of  work  involves  two  fundamental 
notions;  first,  that  of  a  resistance,  and  second,  the  over- 
coming of  this  resistance  so  that  motion  results.  More- 
over, the  force  exerted  must  be  measured  in  the  direc- 
tion in  which  the  resistance  moves.  There  can  be  no 
work  done  on  a  body  unless  the  body  is  put  in  motion. 

The  unit  of  work  is  the  foot-pound.  Thus,  if  a  weight 
of  one  pound  is  raised  through  a  vertical  distance  of  one 
foot,  the  work  done  is  one  foot-pound ;  if  the  weight  was 
500  lb.  and  the  distance  5  ft.,  the  work  done  would 
equal  500  X  5  or  2500  ft.-lb.  The  element  of  time  does 
not  enter  into  the  idea  of  work;  thus  the  work  done  in 
raising  the  500  lb.  through  the  vertical  distance  of  5  ft. 
is  2500  ft.-lb.,  irrespective  of  whether  it  takes  one  minute 
or  one  hour  to  raise  the  weight. 

A  general  ef|uation  for  work  may  be  I'xpressed  as 
follows : 

Let  W  =  tiu'  work  done  in  foot-pounds, 

F  =  the  resistance  overcome  in  pounds, 
S  =  the  space  passed  over  by  the  resistance  in  feet. 
then,   since   work  =  force  X  distance. 

IF  =  FXS  (51) 

A  careful  distinction  must  be  made  between  the  terms 
resistance  overcome  and  the  weight  of  the  body  moved. 

AMiere  bodies  are  raised  in  a  vertical  direction  there 
the  resistance  overcome  and  the  weight  are  equal  to 
each  other.  Take,  for  example,  a  clam-shell  bucket  used 
for  raising  the  coal  from  the  barges  to  the  bunkers  of 
a  power  house.  Here  the  resistance  overcome  by  the 
hoisting  engine  is  the  weight  of  the  bucket  and  the  coal 
it  contains,  ^^^len  this  coal  is  placed  in  the  distributing 
cars  over  the  bunkers  the  force  exerted  by  a  cable  to 
move  a  car  is  not  equal  to  the  weight  of  the  car  and  its 
load,  bat  to  the  force  of  friction  between  the  car  and 
the  track.  This  force  of  friction  is  decidedly  less  than 
the  weight  of  the  car.     \Mien  objects  are  moved  along 
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lion'zontal  surfaces,  the  resistance  overcome  seldom 
equals  the  weight  of  the  object  mover] .  Hence  in  fig- 
uring  the  work  done  by  a  force  in  moving  an  object 
through  a  given  distance  the  essential  thing  is  to  deter- 
mine the  resistance  overcome  and  then  the  work  may  be 
readily  determined. 

Example — A  clam-shell  bucket  loaded  with  coal  weighs 
three  tons.  How  many  foot-pounds  ol'  work  will  it  re- 
quire to  raise  the  bucket  a  vertical  distance  of  200  ft.  ? 

Here  the  resistance  to  be  overcome  is  6000  pounds 
and  the  distance  is  200  ft.,  hence  the  work  done  is  equal 
to 

6000  X  200  =  1.200, 000    fi.-lb. 

Ksample — Find  the  work  done  by  a  firenuin  in  mov- 
ing a  coal  truck  weighing  1000  lb.  across  the  floor  of  a 
boiler  room  100  ft.  wide,  assuming  the  friction  between 
the  truck  and  floor  as  50  lb.  per  ton. 

In  this  problem  the  resistance  overcome  is  not  the 
weight  of  the  car,  but  the  friction  between  the  car  and 
llie  floor,  which  is  equal  to 

1/2  X  50  or  25  lb. 
since  the  car  weighs  one-half  of  a  ton.     The  work  done 
by  the  fireman  is  then  equal  to 

2.-,  X    100  =  2500  ft.-'o. 

Power 
Power  is  the  time  rate  of  doing  work  or  is  the  capacity 
of  an  agent  for  doing  work  at  a  uniform  rate.  The 
more  work  an  agent  can  do  in  a  unit  of  time  the  greater 
will  ])e  its  power.  The  commonly  accepted  unit  of  power 
is  the  horsepower,  which  is  the  equivalent  of  33,000 
ft. -lb.  of  work  being  done  every  minute,  or  550  ft. -lb. 
every  second.  This  unit  was  named  and  adopted  by 
Watt,  as  he  figured  that  an  ordinary  dray  horse  was 
capal)le  of  doing  33,000  ft. -lb.  of  work  per  minute. 
'I'liroughout  this  work  the  term  horsepower  will  be  ex- 
pressed by  the  symbol  lip. 

Example — In  the  case  of  the  clam-shell  bucket  the 
work  done  was  1,200,000  ft.-lb.  If  the  load  had  been 
raised  in  one  minute,  then  the  horsepower  required 
would   i'(|ual 

1,200,000 
33,000 

If  the  work  had  required  3  min.  the  hp.   would  have 
iieen  only  12.1,  so  that  the  greater  the  time  the  less  will 
be  the  power  re(|uired  to  do  a  definite  amount  of  work. 
T,et   T  =^  tlie   time   rc'iuired   to   do   a   cctain    amount    of 
work, 
/«'  ^=  the  resistance  overcome  in  pounds, 
.S'  =  the  space  passed  over  by  the  resistance  in  feet, 
/(/(.  =  the    horsepower    required,    then 
/''  X  -S' 


=  36.3+  hp. 


hp.  = 


T  X  3:5,000 


(52) 


Ki--ficii:ncy 

A  machine  is  a  drvice  for  the  performance  of  useful 
work.  Generally  the  machine  will  l)e  su|)])lied  With 
power  from  some  external  source,  and  experience  teaches 
liiat  it  is  impossible  to  convert  all  the  power  supplied 
into  useful  work.  There  are  numerous  losses  in  tlio 
machine  itself,  such  as  the  friction  in  the  bearings,  the 
loss  in  gears  and  belts,  friction  between  sliding  parts, 
and  many  others  too  numerous  to  mention.  The  power 
su|>plied    to    till'   machine    (commonly   called    the   input) 


must  equal  the  losses  in  the  machine  plus  the  power 
developed  by  the  machine  (commonly  called  the  output). 
The  efficiencij  of  a  machine  is  expressed  in  terms  of  the 
per  cent,  of  the  input  converted  into  useful  work  or  put 
in  the  form  of  an  equation: 


efficiencij  =  - 


output 


(53) 


input 

E. ram  pie — Assume  the  efficiency  between  the  engine 
and  the  bucket  (in  previous  example)  to  be  60  per  cent. 
What  horsepower  engine  would  be  required  to  raise  the 
bucket  ? 

The  power  required  at  the  load  was  found  to  be  36.3 
!i|i.  As  this,  (the  output)  represents  only  60  per  cent,  of 
the  input,  it  must  be  evident  that  the  horsepower  of  the 
engine  must  be  equal  to  the  output  divided  by  the  effi- 
ciency, or 

o'S?,  =  «""". 

Study  Questioxs 
91.     The  average   unbalanced  steam   pressure  on  the 
piston  of  an  engine  is  35  lb.  per  sq.in.     If  the  diameter 

[-= - L M 


bi'ake   arm    // 
120  II).     Find 


Fig.  66. 

of  the  piston  is  'J  in.  and  the  stroke  of  the  engine  is 
12  in.,  find  the  work  done  by  the  steam  in  one  revolution 
of  the  engine.      (Assume  the  engine  to  be  double  acting.) 

02.  In  problem  SH,  if  the  engine  makes  250  r.p.m., 
find  the  horsepower  dcM'lopcd  m  the  engine  cylinder. 

93.     Fig.   66   shows   a   common   form  of  prony  brake 
used  in  the  testing  of  engines.  .  During  a   test  of  the 
engine  in   problem   92   the   length   of  tin 
was  5  ft.,  the  net  load  on  the  brake  was 
the  horsepower  developed  at  the  brake. 

91.  From  the  results  of  problems  92  and  93  find  the 
mechanical   efficiency   of   the  engine. 

95.  Exjilaiii  what  becomes  of  the  power  developed  at 
tlie  lirake.  Is  ii  jiossible  for  tiu'  brake-hor.sepowcr  to  be 
greater  than  tlu^  ])ower  develojied  in  the  engine  cylinder? 

■*: 

Cost  iier  »i<iiiiirt-  Foot  for  IluililInK  I  pkeep — The  cost  por 
square  foot  of  rentable  area  for  the  upkeep  of  skyscraper 
office  buildings  says  "Buildiny:  Management,"  no  doubt  varies 
greatly  'n  New  York.  A  table  recently  prepared  by  C.  T. 
Coley,  the  operating  manager  of  the  New  Equitable,  has  in- 
spired Vice-President  Mortimer  of  the  U.  S.  Realty  &  Improve- 
ment Co.  to  prepare  a  table  showing  average  costs  per  square 
foot  of  rentable  area  In  some  of  the  flrst-class  buildings  of 
New  York,  as  he  found  them,  covering  a  period  of  five  years: 

Engine-room  labor,  supplies,  etc $0,052 

Coal  and  ash  removal 0.067 

Rlevator  labor,  supplll^s  and  repairs 0.050 

,Ianitor's  labor  and  supplies 0.094 

Klcctrlclan's  labor  and   supplies 0.010 

Supervision    0.016 

Repairs  to  building  and  plant 0.032 

Tenant  changes  and  alterations 0.040 

Kullding  supplies,  gas  and  sundries 0,008 

insurance    •■  0.011 

Water    0.009 

Total  »0.3S!> 
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By  Wakkex  0.  Rogers 


SYSOPSIS — A  colliery  power  plant  is  iits-pecled,  in 
uhich,  by  the  installaHon  of  a  low-pressure  steam  turbine, 
surface  condenser  and  cooling  tower,  the  capacity  of  the 
plant  was  practically  doubled.  The  saring  in  coal 
amounted  to  abo-wt$JiOO  per  month,  although  the  elec- 
Iriral  load  increased  about  J/O  per  cent,  over  former  condi- 
tions. 

Wi 

Early  the  next  morning  Hunter  and  I  made  a  start  to 
visit  the  workings  of  the  Penn  Maiy  Coal  Co.,  at  Heil- 
wood,  Penn.  This  necessitated  a  ride  bj'  train  of  some 
miles,  which  gave  us  opportunitj-  to  talk  shop.  Hunter, 
as  usual,  made  for  the  smoking  car  and  lighting  an  apol- 
ogy for  a  cigar,  I  never  determined  its  brand,  settled 
himself  as  comfortably  as  he  could. 

Evidently  his  thoughts  were  running  in  the  same  chan- 
nel as  my  own,  for  he  presently  knocked  the  black  a.shes 
from  the  end  of  the  stuff  he  was  smoking  and  said,  "The 
mine  operator  has  got  his  work  cut  out  for  him  when 
ho  begins  to  consider  either  building  a  central  power 
plant  or  purchasing  the  electrical  energy  from  a  cen- 
tral station  to  replace  the  old  .steam  plants. 

"The  ghost  of  cost  looms  up  at  every  turn.  In  the 
first  place,  he  believes  that  power  has  been  produced  at  a 
reasonable  cost;  whether  it  has  or  not,  is  another  ques- 
tion. It  is  true  the  fuel  is  cheap  and  the  apparatus  in 
the  old  steam  plants  is  of  the  most  simple  type,  but  he 
cannot  get  over  wondering  what  it  will  cost  under  the 
new  order  of  things  if  the  change  is  made.  In  most 
eases  the  private  central  station  is  constructed." 

'"I  should  think  that  purchasing  energy  from  a  cciitral 
station  would  remove  the  bother  of  operating  a  power 


pumps  are  run.  Some  operators  have  awakened  to  the 
fact  that  where  fuel  was  a  few  years  ago  worth  about  oOc. 
a  ton,  it  is  now  worth  about  80c.  a  ton." 

At  this  point  in  Hunter's  discourse,  the  train  pulled 
into  the  station  and  we  were  soon  climbing  the  steep 
hill,  and  it  was  steep.  A  barnstorming  company  play- 
ing in  "The  Old  Homestead"  made  the  climb  at  the  same 
time,  but  although  they  had  doubtless  had  more  practice, 
we  outdistanced  them  to  the  hotel.  After  something  to 
eat,  we  hunted  up  the  superintendent  of  the  colliery  and 
obtained  permission  to  look  over  tlio  power  plant,  down 
at  the  foot  of  the  hill. 

The  interesting  feature  aljout  this  installation  was 
douJ)ling  the  output  without  increasing  the  coal  consump- 
tion. This  was  done  by  installing  a  low-pressure  steam 
turbine,  which  uses  the  exhaust  steam  from  the  recipro- 
cating engines  which  had  before  that  exhausted  to  the 
atmosphere. 

"You  see,"  said  Hunter,  "in  the  colliery,  because  of  the 
steep  grades,  in  some  instances  5,  in  others  16  per  cent., 
motors  are  assisted  by  electric  hoists.  The  motor  is  used 
to  unwind  the  cable  and  pull  the  empty  cars  into  the 
mine  where  the  slope  in  the  grade  decreases;  on  the  out- 
ward trip,  the  motor  pushes  the  trip,  both  cable  and 
motor  working  together. 

"Before  the  changes  were  made  the  generating  equip- 
ment consisted  of  four  18x32-in.  side-crank  engines,  each 
directly  connected  to  a  200-kw.,  250-volt  direct-current 
generator,  at  225  r.p.m." 

"I  thought  you  said  the  other  day  that  alternating 
current  was  generated  at  the  power  plant  and  changed 
to  direct  current  at  each  mine." 


Fig.  1. 


Old  Exgjxe  Room  and  Reciprocating 
Engines 


Fig. 


IjOW-Pressuee  Exhaust  Steam-Tlrbine 
Unit 


plant,  and  then  all  that  would  have  to  be  done  would  be 
to  ship  the  coal  and  collect  the  cash." 

''That  sounds  good,  but  there  is  no  reason  that  I  can 
see,  why  the  coal  producer  should  not  build  and  operate 
his  own  plant,  and  produce  an  electrical  output  as  cheap- 
ly, if  not  cheaper  than  it  can  be  purchased. 

"I  believe  I  told  you  a  few  days  ago  that  the  general 
nm  of  colliery  steam  boilers  were  a  source  of  great  loss, 
let  alone  the  condition  in  which  the  various  engines  and 


"So  I  did,  but  when  the  original  equipment  was  in- 
stalled, direct  current  was  the  best  to  use,  as  the  workings 
were  close  to  the  power  house.  Wlien  these  workings 
got  further  away  from  the  power  house,  it  became  as 
plain  as  the  nose  on  your  face  that  some  provision  must 
be  made  to  transmit  the  electrical  energy  to  the  distant 
parts  of  the  mine.  Therefore  the  turbine  and  alternat- 
ing generator  were  installed." 

Arriring  at  the  plant,  we  entered  the  old  engine  room. 
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Fig.  1,  iu  which  the  reciprocating  engines  were  housed. 
At  the  end  of  this  room  is  the  turbine  room,  where  a 
^SO-kw.  exhaust-steam  turlnne  was  installed,  Fig.  2.  The 
generator  end  produced  energj-  at  3400  volts,  three-phase, 
60-cycle  current  at  3600  r.p.m. 

Out  in  the  boiler  room  were  the  four  original  water- 
tube  boilers  and  two  new  water-tube  boilers,  Fig.  3,  each 
of  300-hp.  rating,  and  carrying  135-lb.  steam  pressure. 
The  brick  stack  was  125  ft.  high. 

In  the  turbine  room  there  was  a  25-hp.,  250-volt  bal- 
ancing set. 

"When  it  became  evident  that  more  power  was  wanted," 
resumed  Hunter,  as  we  stood  looking  at  the  turbine  unit, 
"it  became  a  question  of  either  having  one  power  plant 
or  several  distributed  at  the  mines. 

"We  have  already  said  the  latter  method  is  not  econ- 
omical and  a  study  of  the  situation  showed  this  to  be 
the  case  in  this  instance.  Then  the  matter  of  deciding 
how  to  increase  the  output  of  the  plant  with  the  least 


side,  the  steam  from  the  engines  went  to  the  condenser 
just  the  same  as  if  the  piping  had  been  direct,  instead 
of  through  a  turbine.  The  back  pressure  was  reduced 
in  proportion  to  the  vacuum  carried  which  if  28  in.  would 
reduce  the  absolute  pressure  in  the  turbine  exhaust  pipe 
pipe  to  less  than  one  pound,  or  0.946  lb.  per  sq.in.  That 
makes  a  difference  in  the  absolute  exhaust  pressure  of 
16.054  lb.  per  sq.in.  over  what  the  engines  did  exhaust 
at  and  the  pressure  at  what  the  turbine  exhausts. 

"It  is  the  exhaust  steam  from  the  reciprocating  en- 
gines rushing  through  the  turbine  to  the  condenser  (Fig. 
4)  that  governs  the  additional  power. 

"Of  course  the  condenser  has  to  be  supplied  with  suffi- 
cient cooling  water,  which  in  this  case  is  not  plentiful, 
and  for  that  reason  a  cooling  tower  is  used  to  reduce 
the  temperature  of  the  water  after  passing  through  the 
condenser." 

"That's  funny,  a  cooling  tower  at  a  mine  where  all 
kinds  of  water  can  be  had  for  the  pumping.     Why  don't 
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I'll..    I.    Ll.lU.ANC  CONDENSKK  SkKV-  I'll 

ixG  Exhaust  Steam  Turbine 


I  'x  I  I  iMiii;   \'ii:w  OF  All!- 
Cooling  Tower 


outlay  had  to  be  settled.  The  result  was  that  the  direct- 
current  units  supply  the  works  near  the  power  plant  with 
direct  current  and  the  exhaust-steam  turbine  and  alter- 
nating-current generator  supply  high  voltage  energy  for 
the  distant  workings. 

"The  reci])rocating  units  exhaust  into  a  common  ex- 
haust line  which  runs  to  the  turbine,  and  also  has  a  live- 
steam  connection  so  that  the  turbine  can  be  run  in  case 
all  of  the  engines  are  shut  down,  and  there  is  no  exhaust 
steam  for  the  turbine  to  use." 

"How  can  a  turiiine  run  on  exhaust  steam  and  double 
the  output  of  the  station?" 

"It  does  seem  a  little  off  color  at  first  thought,  but  it's 
as  plain  as  daylight  after  you  once  get  the  hang  of  the 
thing.  You  see  those  engines  were  exhausting  to  the  at- 
mosphere at,  say,  2-11).  back  pressure  on  every  square  inch 
of  the  ])iston  area,  or  practically  17  lb.  absolute  jiressurc. 
Now  all  of  that  ])ressure  that  can  be  eliminated  will  tend 
to  increase  the  horsepower  out])ut  of  the  engine. 

"When  the  turbine  was  connected  to  the  exhaust  pipe 
of  the  engines  and  was  piped  to  a  condenser  on  the  other 


they  pump  the  mine  water  to  the  condenser  and  kill  two 
birds  with  one  stone?" 

"You  forget,"  answered  Hunter,  "that  mine  water  is 
mighty  hard  on  condensers,  and  that  by  using  a  cooling 
tower,  the  water  can  be  used  over  and  over  in  ]iracti- 
cally  a  pure  state.  It  was  found,  at  this  mine,  that  us- 
ing a  cooling  tower  is  more  economical  than  the  method 
you  suggest,  or  even  than  obtaining  the  necessary  water 
by  pumi)ing  from  a  deep  well." 

"It  takes  power  to  drive  the  fans,  doesn't  it?"  I  next 
asked,  "and  that  detracts  from  the  saving  made  by  us- 
ing the  turbine.  It  seems  to  me  that  with  the  cost  of 
the  turbine,  condenser  and  cooling  tower  the  gain 
made  by  using  exhaust  steam  would  lie  olTset  by  the  addi- 
tional cost  of  the  new  api)aratus." 

"The  cost  would  amount  to  considerable.  On  the 
condenser,  there  would  be  the  circulating  and  air 
pumps,  which  are  operated  by  a  steam  turbine,  the  ex- 
iiau.st  of  which  is  used  to  heat  the  feed  water  going  to 
the  boilers.  Then  there  would  be  the  18-hp.  motor  re- 
quired to  run  the  air  fan  at  the  cooling  tower,  which  de- 


190 


POWER 


Vol.  40,  No.  5 


livers  the  air  to  the  water  as  it  trickles  down  through 
the  tower.  In  winter  the  problem  is  to  prevent  ice  form- 
ing at  the  fan  intake,  and  so  each  fan  is  surrounded  by  a 
ring  of  pipe  perforated  with  small  holes  through  which 
steam  ecsapes  when  there  is  a  tendency  for  ice  to 
form. 

"These  all  take  from  the  economy  of  the  power  plant. 
but  for  all  that,  I  understand  over  $4:00  a  month  has  been 
saved  in  the  cost  of  coal  since  the  turbine  outfit  has  been 
running,  over  the  cost  of  operating  with  the  old  condi- 
tions for  similar  months,  although  the  electrical  load  has 
increased  something  like  40  per  cent." 


"Of  course  the  alternating  current  is  sent  to  the  sub- 
stations and  there  converted  to  direct  current  for  mine 
use,"  I  said  as  I  put  my  camera  in  its  case. 

"Sure !  There  are  two  substations,  each  containing  a 
300-kw.,  850-volt  generator,  driven  by  a  450-hp.  syn- 
chronous motor.  This  electrical  energy  is  used  for  light- 
ing, electric  haulage,  electric  pumping  and  ventilating 
fan  motors." 

As  it  was  getting  along  toward  train  time,  and  not  car- 
ing to  take  in  "The  Old  Homestead"  show,  we  said  "So- 
long"  to  the  boys  at  the  plant  and  were  soon  rumbling       ' 
on  our  way.  i 


^Histallliiig  amdl  Sta^rftimig  Ceiatrifujiga] 

By  William  Salt 


Sl'NOI'SIS — What  to  do  and  what  may  lead  to  trouble 
ill   erecting  and  starting  centrifugal  vumping  outfits. 

Many  visits  to  correct  supposed  pump  troubles,  which 
later  prov^to  be  ^ults  .of  installation  or  operation, 
suggest  the  following  as  being  of  intere^1*io  users  6f 
centrifugal  pumps. 

Unpackixg 

The  centrifugal  pump,  wjaether  arranged  for  motor, 
iTirbine  or  belt  drive,  is  usually  mounted  ^n  the  bed- 
plate with  the  driver,  making  a  complete  unit.  There- 
fore, when  unpacking,  guard  the  apparatus  against  shocks 
or  blows  that  might  injure  the  parts.  Use  a  rope  or  a 
chain  if  possible  under  the  bedjjate  when  lifting  the 
CL-mplete  machine,  and  keep  the  .fenction  and  discharge 
openings  blanked  until  ready  for  the  pipe  connections 
to  insure  a  clean  pump  when  starting. 

FCDNDATIOXS 

The  foundation  should  be  solid  enough  to  prevent  the 
distortion  o"  the  bed  or  base  plate.  Masonry  or  concrete 
foundatioi.s  are  preferred  to  wooden  supports.  Foun- 
dation bolts  are  not  necessary  with  a  solid  foundation 
when  motor  or  turbine  drive  is  used,  but  they  should 
be  used  with  the  belt  or  engine  drive. 

ERECTI^'G    THE    OCTFIT 

The  driving  and  piunp  shafts  should  be  level  and  the 
bearings  properly  lined  with  each  other.  When  separate 
shafts  are  used  the  couplings  should  be  disconnected  by 
removing  the  bolts,  and  the  final  alignment  of  the  ma- 
chine carefully  checked  by  using  a  straight-edge  or  scale 
on  the  outer  diameter:  a  thickness  gage  between  the 
bases  will  show  if  the  couplings  are  true  with  each  other. 

PiPIXG 

Care  must  be  taken  in  making  up  the  piping  at  the 
pump  to  prevent  strains  in  the  case  or  bedplate.  After 
the  piping  is  completely  made  up  on  the  system,  the 
joints  at  the  suction  and  discharge  should  be  loosened 
to  see  that  the  faces  are  parallel  and  that  the  piping 
lines  up  properly.  Excessive  piping  strains  will  distort 
the  case  and  throw  the  shaft  out  of  alignment.  When 
handling  hot  liquid,  care  must  be  exercised  in  planning 
the  piping  system  to  prevent  strains  due  to  expansion. 

When  using  a  siphon  or  injector  for  priming,  it  is 
necessary  to  have  a  valve  in  the  discharge  piping.     This 


valve  is  usually  at  some  convenient  point  near  the  pump, 
the  minimum  distance  being  two  to  three  feet,  to  give 
the  best  results  in  starting.  The  connection  to  the 
siphon  should  be  made  at  the  top  of  the  pump  case  and 
at  the  highest  point  in  the  discharge  pipe  between  the 
check  or  stop  valve  and  the  pump. 

With  a  foot  valve  on  the  suction,  the  pump  and  piping 
should  be  primed  with  water  from  the  general  supply 
system.  An  air  vent  valve  must  be  put  on  top  of  the 
case  at  the  highest  point  in  the  discharge  pipe  below  the 
check  or  stop  valve.  The  suction  pipe  must  have  a 
gradual  drop  from  the  pump  to  the  intake  to  prevent  air 
pockets,  which  )5i:ould  give  trouble  in  starting  and  during 
the  operation  of  the  pump,  ^x 

Sealing  the  Glands 

Packing  boxes  are  often  fitted  with  a  spacer  between 
the  packing  directly  under  the  pipe  tap  holes  in  the 
upper  half  of  the  case  or  with  channels  leading  to  the  dis- 
charge chamber  of  the  pump  case.  AVhen  arranged  for  out- 
side pipe  connection  the  pipe  sliould  connect  with  the 
water-supply  s}-stem  beyond  the  discharge  valve  of  the 
pump  to  furnish  sealing  water  when  starting  and  during 
operation.  If  the  pump  is  handling  dirty  or  gritty 
water  that  would  cut  the  shaft,  clean  or  filtered  water 
should  be  fed  to  this  point  if  possible.  If  the  packing 
boxes  are  not  water-sealed,  greater  care  must  be  had  in 
fitting  and  adjusting  the  packing. 

Starting  the  Pump 

See  that  the  machine  is  thoroughly  cleaned;  fill  the 
oil  reservoirs  with  a  good  quality  of  mineral  oil,  being 
sure  that  the  oil  level  is  high  enough  to  insure  the  rings 
giving  the  right  supply  of  oil  to  the  bearings.  Wlien 
the  pump  is  attached  to  a  motor,  or  is  belt  driven,  that 
pump  must  have  the  prop-^r  rotation;  this  is  indicated 
usually  by  an  arrow  on  the  casing,  or  is  given  on  the 
instruction  card.  If  operated  in  the  opposite  direction 
the  pump  will  give  trouble,  as  most  of  them  are  de- 
signed for  one  direction  only.  With  a  motor-driven  pump 
the  coupling  bolts  should  be  taken  out  before  testing  the 
motor  for  direction  of  rotation. 

Wlien  correct  rotation  has  been  determined,  the  pump 
is  ready  to  be  coupled  to  a  driver  and  must  be  primed 
so  that  the  case  will  be  thoroughly  filled  with  water  l)e- 
fore  testing  out  for  its  service  condition. 
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On  July  15  to  17  Michisan's  annual  state  convention  was 
held  at  Muskegon.  Arbeiter  Hall  was  headquarters  Tor  the 
engineers  and  exhibitors.  The  invocation,  by  the  Rev.  A. 
Hadden,  was  followed  by  the  address  of  welcome,  delivered 
by  Mayor  John  H.  Moore.  F.  Vt'.  Raven,  national  secretary, 
responded  and  John  McGrath,  past  national  president,  gave  a 
general  talk  on  the  pu'-poses  of  the  organization.  In  the 
afternoon  the  engineers  enjoyed  a  boat  ride  on  Muskegon 
Lake   and   inspected   the  plant  of  the  Central  Paper   Co. 

The  feature  of  the  Thursday  morning  session  was  an  ad- 
dress by  F.  E.  McKee,  general  manager  of  the  Shaw  Electric 
Crane  Works,  on  the  subject,  "Industrial  Education."  Mr. 
McKee  favors  the  alternate  weekly  system,  in  which  the  rudi- 
ments of  molding,  printing,  turning,  etc.,  are  obtained  in 
the  school  and  the  actual  experience  in  different  shops  where 
the  student  is  sent  to  apply  his  knowledge.  The  speaker 
also  discussed  the  safety  of  employees.  Owners  of  factories 
were  just  as  anxious  for  the  safety  of  their  employees  as  they 
were  themselves.  He  favored  laws  for  safety,  just  laws 
which  would  not  eliminate  features  tending  toward  economy 
in  production.  At  2  P.  M.  the  engineers  left  by  trolley  for 
Recreation  Park.  Boat  rides  were  taken  on  Lake  Harbor, 
but  most  of  the  conventioners  attended  the  ball  game  be- 
tween the  engineers  and  exhibitors.  The  result  was  a  disas- 
trous rout  for  the   latter,   the  score  being   20  to  6. 

On  Friday  Jackson  was  chosen  as  the  convention  city  for  1915. 
The  following  officers  were  elected:  President,  John  Andrews, 
Pontlac;  vice-president,  Fred  Tech,  Flint;  secretary.  E.  C. 
Smith,  Kalamazoo;  treasurer,  Henry  Badley,  Owosso:  con- 
ductor, George  Maloney,  Jackson;  door-keeper,  Edward  Rose, 
Detroit;  state  deputy,  W.  H.  Moore,  Detroit;  trustee  for  one 
year,  C.  H.  Sisson,  Muskegon;  for  two  years,  William  Mauthe, 
Muskegon;   for   three   years,   Charles   White,   Detroit. 

In  the  afternoon  there  were  special  cars  to  Lake  Michigan 
and  later  to  Rf.crcation  Park,  where  a  fish  supper  was  served, 
followed    by    dancing. 

THE    EXHIBITORS 

Below  are  given  a  list  of  the  exhibitors: 


American       Steam      Gauge      S 

Valve    Co. 
The  V.   D.    Anderson    Co. 
Arrow    Boiler    Compound    Co. 
Bowers    Rubber    Works 
Buckeye   Chemical   Co. 
Craig-Millard    Co. 
Crandall    Packing    Co. 
Dearborn   Chemical   Co. 
The    Garlock    Packing    Co. 
Grand    Rapids    Supply    Co. 
Greene,  Tweed  &  Co 
Griscom-Russell    Co. 
Hawk-Eye    Compound    Co. 
Home   Rubber  Co. 


J.    J.    Howdin    Co. 

Jenkins    Bros. 

H.  W.  Johns-Manville  Co. 

Keystone  Lubricating  Co. 

Lagonda   Mfg.   Co. 

The    Lunkenheimer    Co. 

H.    Mueller   Co. 

"National    Engineer" 

The    Perolin   Co.    of   Amerl 

William  Powell  Co. 

"Power" 

Standard    Oil    Co. 

Towner   Hardware   Co. 

White    Star    Refining    Co. 


tSae  Ceimfts'Si.]!  SttatLaoira 

feeling  it  necessary  to  co.'.^-bat  the  aggressiveness  of  the 
local  electric  service  company  in  attempting  to  suppress 
Isolated  electric  plants,  the  New  York  members  of  the  Na- 
tional Association  of  Stationary  Engineers  and  the  Interna- 
tional Union  of  Steam  Engineers,  as  well  as  a  number  of 
local  engineers'  societies,  have  formed  "The  Joint  Committee 
of  Greater  New  York  Engineers."  The  investigations  so  far 
undertaken,  according  to  a  circular  recently  published,  have 
developed   the   following; 

PROCEEDINGS    BEFORE    THE    PUBLIC    SERVICE 
COMMISSION 

In  Case  l.""!"  brought  by  the  Joint  Committee  as  attorneys 
infac'ofovc-  0  small  consumers  against  the  New  York  Edi- 
son Co..  f  •  schedule  of  rates  established  by  the  company 
July  1,  IDll.  .'as  attacked  as  long  ago  as  September,  1911. 
The  following  facts  were  proved: 

a.  That  the  Public  Service  ri.mmisslon  affords  a  tiibunal 
before  which  the  customers  of  public  service  corporations 
can  force  the  corporation  to  make  public  under  oath  informa- 
tion necessary  to  bo  known  hv  the  customer  in  order  to  deal 
Intelligentlv  with  the  corporation  and  which,  without  the 
machinery  of  the  Public  Service  Commission's  law,  the  cus- 
tomers could  not  f^frvrt'  In   any  accurate  tf>rm. 

b.  That  the  Public  Service  Commission  will  undertake  for 
consumers  and  the  community  generally  a  public  Investiga- 
tion Into  the  rates  and  contract  reciulrements  of  public  ser- 
vice corporations  with  a  view  to  correcting  discriminatory 
and   other  illegal   practices. 

c.  That  the  New  York  Edison  Co..  under  Its  existing  rates. 
Is  unable  to  compete  with  an  efUcient  private  plant  In  supply- 
ing electric  current,  and  can  prevent  the  Installation  of  pri- 
vate  plants   In   large   buildings   only: 

I.  P,v  resorting  to  rates  and  forms  of  contracts  which 
have  not  been  made  public  and  which  therefore  are  Illegal 
and  in  violation  of  the  orders  of  the  Commission;  or 


2.  By  compelling  the  making  of  an  uneconomic  contract 
through  the  exercise  of  ulterior  influences;  or 

3.  By  making  contracts  through  subsidaries  for  the  sup- 
ply of  light,  heat  and  power  on  a  flat  annual  basis;  or 

4.  By  establishing  a  minimum  wholesale  rate  of  2  cents 
per  kilowatt  hour  for  large  consumers,  which  rate  would  be 
far  below   cost. 

d.  That  the  attempts  to  give  unpublished  low  rates  to 
Gimbel  Brothers  and  the  Bowling  Green  Building  through 
the  subterfuge  of  paying  exorbitant  rent  for  underground 
space   in    the    customer's   premises,    are    illegal    and    void. 

e.  That  published  contracts  through  the  non-enforcement 
of  which  discrimination  was  attempted  in  favor  of  big  con- 
tractors to  induce  them  to  use  electricity  as  the  sole  source 
of  power,  will  be  strictly  enforced  and  the  attempted  dis- 
crimination  thus  prevented. 

f.  That  subsidiary  corporations  making  contracts  for  the 
supply  of  light,  heat  and  power  for  a  flat  annual  price  will 
be  regulated  as  to  rates  and  contract  forms  in  the  same  man- 
ner as  other  public  service   corporations. 

g.  That  the  New  York  Edison  Co.  is  controlled  through 
stock  ownership  by  the  Consolidated  Gas  Co.,  which  is  seek- 
ing to  perfect  a  monopoly  of  th3  supply  of  gas  and  electricity 
throughout  Greater  New  York  and  Westchester  County,  and 
that  the  effort  to  make  electricity  generated  in  central  Man- 
hattan stations  the  sole  source  of  energy  in  that  territory  Is 
but  a  part  of  the  process  in  the  formation  of  an  electric  power 
monopoly  throughout  the  nation  to  which  warning  attention 
has  already  been  called  by  the  United  States  Commissioner 
of  Corporations. 

AQUEDUCT    FRANCHISE    APPLICATION  ^'j 

The  Joint  Committee  have  opposed  the  application  of  the 
New  York  Edison  Co.  and  its  three  affiliated  companies  to  the 
Board  of  Estimate  and  Apportionment  of  the  City  of  New 
York  for  a  franchise  or  right  of  way  over  all  the  lands  ac- 
quired by  the  City  for  aqueduct  purposes.  A  written  argu- 
ment in  opposition  has  been  filed  with  every  member  of  the 
said  Board  and  with  the  Secretary  thereof  and  the  Chief  of 
the  Bureau  of  Franchises.  But  for  this  opposition,  appar- 
ently, the  application  would  not  have  been  opposed.  Atten- 
tion  has   been    c.illed    to   tlie  following  facts  among  others: 

a.  That  the  application  is  a  part  of  the  same  policv  above 
referred  to.  by  which  the  Consolidated  Gas  Co.  seeks  "to  per- 
fect a  monopoly  of  the  electrical  business  in  this  City  and 
Westchester   County. 

b.  That  even  if  the  City  of  New  York  in  its  four  aqueduct 
lines  through  Westchester  County  has  rights  of  way  which 
can  be  used  for  transmitting  electric  current  to  be  sold  off 
the  rights  of  way  for  general  commercial  use,  such  rights  of 
way  are  of  such  tremendous  value  that  they  should  be  re- 
tained under  public  control  and  not  alienated  to  private  in- 
terests for  any  length  of  time   or  on  any  terms. 

c.  That  if.  however,  such  rights  of  way  are  to  be  alien- 
ated to  the  New  Yor'^  Edison  Co.,  the  City  should  receive 
every  year  as  compensation  for  the  priceless  privileges 
granted,  a  large  share  of  the  benefits  taken  by  stockholders 
and  others  out  of  the  electric  earnings  of  that  company  (in 
1912  $12,890,041. S3).  In  this  way  the  oppressed  taxpayer  will 
receive  substantial   relief. 
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Claiming  that  the  high-pressure  mains  of  the  New  York 
Steam  Co.  are  a  source  of  damage  to  the  block  pavements, 
sewers,  water  mains  and  the  waterproofing  of  the  subway,  the 
Public  Service  Commission  has  ordered  the  company  to  replace 
its  10^,2  miles  of  old  brick  trench  construction  with  modern 
tile  construction.  A  period  of  five  years  is  allowed  for  the 
completion  of  the  work,  during  which  time  not  less  than 
12.000  ft.  must  be  replaced  each  year.  The  cost  of  the  re- 
placement  Is   estimated   at   about   a   million   dollars. 

The  original  mains  were  laid  in  a  trench  with  brick  walls 
S  In.  thick,  the  pipe  being  supported  on  iron  saddles  placed 
on  brick  piers.  The  pipe  was  surrounded  by  mineral  wool 
and  planks  covered  with  tarred  paper  were  placed  over  the 
trench.  Trouble  was  experienced  with  water  leaking  In  and 
flooding  the  mains,  so  about  five  years  ago  the  plan  was 
adopted  of  making  a  continuous  drainage  under  the  trench. 
The  latest  tre'nches  put  In  by  the  company  are  of  9-in.  hollow 
tile. 

The  proceedings  were  instituted  on  the  motion  of  the  com- 
mission after  Its  engineer  of  substructure  had  made  a  careful 
study  of  the  conditions  and  reported  that  it  Is  a  common  oc- 
currence to  find  the  earth  for  some  feet  outside  the  brick 
walls  of  the  steam  mains  filled  with  steam  which  escapes 
when  the  earth  is  disturbrjd.  Temperature  measurements  at 
these  points  had  shown  from  85  to  190  degrees  In  winter. 
The  leather  washers  In  water  hydrants  were  found  burned 
80  that  the  water  discharged  from  some  of  the  high-pressure 
hydrants  hot  enough  to  give  off  steam.  Moreover,  the  unsatis- 
factory condition  of  the  wood-block  pavements  in  many  in- 
stances was  traceable  to  this  cause,  and  was  responsible  for 
excessive  maintenance  cost.  He  further  fo\ind  that  at  every 
street  Intersection  the  waterproofing  of  the  Broadway  sub- 
way has  been  damaged  by  heat  from  the  steam  mains  the 
asphalt  having  practically  disappeared  and  the  fabric  dried 
up  and  cracked. 

This  testimony  was  corroborated  by  Inspectors  from  the 
Department  of  Water  Supply,  Gas  and  El  •■•trIcUy  and  the  De- 
partment of  Public  Works,  who  added  tha.  the  temperature 
In  the  manholes  adjacent  to  the  steam  mains  was  often  such 
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as  to  render  it  impossible  for  men  to  work  in  them.  A  repre- 
sentative of  the  New  Yorli  Edison  Co.  also  testified  as  to  cables 
having:  been  injured  and  their  capacity  reduced  because  of  the 
high    temperatures    from    the   steam    mains. 

The  business  of  the  New  York  Steam  Co.  dates  back  to  1S81 
when  it  was  formed  with  an  authorized  capital  of  ?7, 500. 000 
to  take  over  the  franchise  of  an  earlier  company  which,  how- 
ever, had  done  no  operating.  In  18S5  its  downtown  plant, 
station  B,  was  built  in  the  block  bounded  by  Cortland,  Dey, 
Greenwich  and  Washington  Sts.  This  has  a  rated  boiler  capa- 
city of  15.S00  hp.,  and  serves  29,559  lin.ft.  of  mains  at  a  boiler 
pressure  of  95  lb.,  which  drops  to  70  lb.  at  points  farthest  from 
the  station.  The  uptown  district  is  served  by  station  J.  built 
in  1897  at  the  foot  of  East  59th  .St.  An  extension  was  added 
to  this  plant  in  190S,  making  its  total  rated  boiler  capacity 
16.500  hp.  From  this  source  37.561  lin.ft.  of  mains  is  sup- 
plied at  a  boiler  pressure  of  55  lb.,  dropping  to  40  lb.  at  the 
farthest   points. 

In  all  there  is  about  12.7  miles  of  mains  served  by  the  Ne.v 
York  Steam  Co.,  the  steam  in  the  downtown  district  serving 
456  customers  and  being  about  equally  divided  between  heat 
and  power.  That  in  the  uptown  district  serves  625  customers, 
and  is  used  almost  exclusively  for  heating.  Both  a  flat  rate 
and  meters  are  employed,  the  maximum  rate  being  $2  per 
thousand  pounds  and  the  minimum  47c.  In  the  uptown  dis- 
trict where  a  large  number  of  customers  are  charged  a  flat 
rate,  the  charge  from  Oct.  1  to  June  1  is  $3.50  per  1000  cu.ft. 
contents  of  the  building,   based   on   outside   dimensions. 

In  addition  to  the  heating  plants  the  New  York  Steam  Co. 
owns  three  ice  plants,  the  "Blue  Star"  adjacent  to  station  B, 
the  "White  Star"  at  525  East  ISth  St.,  and  the  "Red  Star"  at 
514  East  116th  St.  In  the  first  of  these  the  water  from  the 
ammonia  condensers  is  used  for  steam  generation. 

The  hearings  before  the  Public  Service  Commission  have 
established  the  ownership  and  control  of  the  New  York  Steam 
Co.,  about  which  there  has  long  been  much  speculation  in  the 
mind  of  the  public.  It  appears  that  about  two  thirds  of  the 
stock  is  held  by  the  -Andrews  Institute  for  Girls,  a  charitable 
institution  near  Cleveland,  Ohio.  The  president  of  the  com- 
pany. G.  C.  St.  John,  owns  another  large  block  and  the  re- 
mainder is  held  by  about  130  small  stockholders.  It  is  said 
never  to  have  paid  any  dividends,  and  the  last  sale  of  stock 
reported  was  at  the  rate  of  $1.50  a  share. 


The  Vilter  Mfg.  Co.,  Milwaukee,  Wis.,  has  removed  its 
Chicago  District  office  from  802  to  731  Monadnock  Block.  C. 
J.    Heinzelman   will   continue   as   district   manager. 

The  Sullivan  Machinery  Co.,  Peoples  Gas  Building.  Chi- 
cago, 111.,  has  established  a  new  office  at  Juneau,  Alaska  in 
the  New  Brunswick  Building.  Burt  B.  Brewster  for  several 
>'ears  past  associated  with  the  St.  Louis,  Mo.,  office  has 
been   appointed   manager. 

The  United  States  Government  has  recently  placed  orders 
for  Mietz  &  Weiss  oil  engines  for  the  following  sizes:  Seven 
45-hp.  compressor  units,  two  IS-hp.,  one  7-hp.,  two  12-hp.,  and 
one  150-hp.  M.  &  W.  direct  reversible  marine  engine.  These 
engines  are  built  by  .August  Mietz,  128-138  Mott  St.,  New  York. 

The  Wiener  Machinery  Co..  50  Church  St.,  New  York,  is 
sending  to  power-plant  men  interested  in  locomobiles,  a  copy 
of  their  splendid  catalog  fully  describing  the  Lanz  super- 
heated steam  locomobiles,  portable  and  semiportable.  It  is  a 
large,  110-page  catalog,  with  handsome  embossed  cover,  and 
contains  many  fine  halftone  illustrations.  A  request  brings  a 
copy. 

Here's  an  interesting  letter  which  the  Penberthy  Injector 
Co.,  Detroit,  Mich.,  received  the  other  day.  "■ — My  injector 
has  played  out.  It  has  given  IS  years  of  service  and  it  was 
a  Penberthy  and  I  want  another  one.  The  one  I  have  is 
size  DD.  In  winter  we  carry  90  lb.  steam  pressure  and  in 
summer  20  lb.  One  hundred  horsepower  return  tubular 
boiler  and  a  water  pressure  of  45  lb.,  would  the  non-lifting 
automatic  injector  be  all  right?  I  think  it  would  and  could 
I  get  it  with  1^-in.  connections?  Yours  truly,  (Signed)  E. 
G.  Stewart,  Fleming  Street,  Coraopolis,  Penn. 
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ATL.VXTIC  CO.\ST  ST.\TES 

The  power  plant  at  Pawtucket.  R.  I.,  of  the  Blackstone 
Valley  Gas  &  Electric  Co.  was  damaged  by  lightning  recently. 
Loss.   $30,000. 

The  Mercer  County  Light,  Heat  &  Powe-  Co.,  Greenville, 
Penn.,  will  build  a  new  power  plant,  to  be  located  near  the 
south  end  of  the  Bessemer  Bridge  over  the  Little  Shenango 
River. 


According  to  press  reports,  the  City  Council  of  Ocean  City, 
Md.,  is  considering  the  installation  of  a  municipal  electric- 
light  plant  to  furnish  electricity  for  a  three  mile  lighting 
system  on  the  board  walk. 

SOUTHERN    ST.VTES 

Plans  are  being  prepared  by  the  Logan  Electric  Co.  for  the 
construction  of  a  new  power  plant  at  Logan,  W.  Va.  C.  W 
Poling,  Logan,  is  Mgr.  and  F.  R.  Weller,  Hibbs  Bldg.,  Wash- 
ington,  D.   C,  is  Engr-in-Charge. 

The  Purified  Petroleum  Products  Co.,  i^ouisville  Trust 
Bldg.,  Louisville,   Ky.,   is   in    the   market  for  a   20   hp.   motor. 

The  Progress  Laundry  Co.,  Louisville,  Ky.,  will  purchase 
eight  or  ten  motors  ranging  in  size  from  5  to  10  hp.  M.  A. 
Myers,  Inter-Southern  Bldg.,  is  in  charge. 

CENTR.4L    STATES 

The  citizens  of  DeGraff,  Ohio,  have  voted  bonds  for  $750o 
for  the  improvement  and  extension  of  the  municipal  electric- 
light  plant.     J.   T.  Scott  is  Supt. 

Bids  will  be  received  by  Ernest  "Von  Bargen,  Pur.  Agt., 
Cincinnati,  Ohio,  until  noon.  Aug.  5,  for  furnishing  and  in- 
stalling new  boilers  in  the  City  Hall. 

The  Westinghouse,  Church  Kerr  Co.,  37  Wall  St.,  New  York 
N.  Y.,  has  prepared  plans  for  the  construction  of  an  electric- 
light  plant  for  the  Mahoning  County  Light  Co.,  Youngstown. 
Ohio.      Estimated    cost,    $1,000,000. 

The  Chief  Engineer  of  the  City  Hospital  of  Indianapolis, 
Ind.,  has  petitioned  the  Board  of  Health  to  make  improve- 
ments and  extensions  to  the  power  plant  of  the  hospital 
Estimated   cost.  $17,000. 

The  Utility  Power  Co.  will  install  a  power  plant  in  Its  new 
factory  at  Detroit,  Mich.  Preston,  Brown  &  Walker,  Dime 
Bank   Bldg.,   Detroit,  are  Archs. 

An  expenditure  of  $25,000  is  contemplated  by  the  Bloom- 
ington  &  Normal  Ry.  &  Light  Co.,  Bloomington,  111.,  for  im- 
proving its  power  plant.  M.  G.  Linn,  Bloomington.  is  Gen 
Supt. 

The  City  Council  of  White  Hall,  111.,  is  considering  the 
question   of   installing  a   municipal  electric-light   plant. 

WEST   OF  THE   MISSISSIPPI 

Bids  will  be  received  by  L.  D.  Burgess,  City  Clk.,  until  1.30 
p.m.,  Aug.  14,  for  the  construction  of  a  municipal  electric- 
light  plant  at  Larned,  Kan. 

The  citizens  of  Kansas  City,  Kan.,  will  vote  Aug.  25  on  the 
proposition  to  issue  bonds  for  $650,000  for  the  improvement 
and  extension  of  the  municipal  electric-light  plant  and  water 
system.      G.  B.  Littl-j  is  City  Clk. 

The  Iowa  Ry.  &  Light  Co.,  Cedar  Rapids,  Iowa,  contem- 
plates the  consiruction  of  a  new  power  plant  at  Iowa  Falls 
Iowa.      Robert   S.   Cook,   Cedar  Rapids,   is  Pur.   Agt. 

Bonds  for  $7000  have  been  voted  for  the  construction  of  a 
municipal   electric-light   plant   at   Billings,   Okla. 

CAN.\D.\ 

The  Hydro-Electric  Commission  contemplates  the  installa- 
tion of  some  new  equipment  in  the  power  station  at  London 
Ont.      H.   J.   Glaubits   is   Mgr. 

The  City  Council,  Regina.  Sask.,  will  build  a  new  power 
plant  and  extend  its  distributing  system  at  a  total  cost  of 
about   $380,000.      A.    E.   Chivers  Is  Clk. 

The  ratepayers  of  Saskatoon,  Sask.,  have  approved  a  by- 
law appropriating  $15,000  for  the  purchase  of  a  site  for  the 
construction  of  a  new  power  plant. 
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FOSITIOMS  ©PEH 

A  MAN  who  can  take  charge,  make  repairs  and  adjustments 
on  tandem  gas  engines  wanted:  all  day  work  of  six  days  per 
week:    state   experience   and   salary.      P.    300,    Power. 

S.\LES  MANAGER  for  New  York  territory  wanted  bv 
steam  turbine  manufacturer:  only  first-class  experienced 
salesmen  need  apply;  to  obtain  consideration  state  fully  in 
reply  to  this  advertisement  just  what  your  experience '  has 
been.     P.   296,   Power. 

MAN  wanted  to  take  charge  of  all  maintenance  work  of  a 
manufactui-ing  concern  employing  about  300  hands:  experi- 
en(;e  should  be  along  the  lines  of  power-station  work  mill- 
wright work,  piping  work,  erection  of  buildings  together 
with  some  experience  as  draftsman  and  in  general  office 
routine;  state  in  your  answer,  age.  nationality,  salary  and 
full  particulars  about  experience  and  former  positions  within 
the  last  five  years:  factory  is  located  in  town  of  about  20  000 
souls  in  New  Jersey,  one  hour  out  of  New  York  Citv  P  2<)V 
Power.  •"  ■ 
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SYNOPSIS — This  is  a  model  plant  of  1000-kw.  capac- 
itij  designed  to  serve  tu-o  office  buildings.  The  older 
building  haj^  been  faking  central  -  station  heat,  light 
poiver  and  refrigei'ation.  The  planl  in  the  new  building 
will  effect  a  large  saving. 

Tlie  largest  offir-e  building  in  Michigan  was  recently 
erected  at  the  corner  of  Griswold  and  Fort  Sts.,  Detroit, 
bv  Edward  Ford,  of  Toledo,  Ohio.  It  is  a  handsome 
structure,  23  stories  high,  with  two  basements,  and  is 
built  in  the  form  of  an  "H"  on  a  plot  measuring  130\ 
150  ft.     The  first  floor  is  given  over  to  the  bank  and  a 
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].   Dime  Savings  Bank  Bi-ilding,  Detkoit. 
Mich. 


number  of  stores,  and  those  above  to  858  office  suites, 
housing  about  3000  people.  The  building,  which  appears 
in  Fig.  1,  is  equipped  with  the  latest  services  and  has  its 
own  plant  to  furnish  current  for  lighting,  power  and 
elevators,  steam  for  heating,  hot  water  for  house  use,  re- 
frigeration and  vacuum  cleaning.  The  Ford  Building, 
another  property  under  the  same  ownership,  will  also  be 
served  by  the  new  plant.  The  two  In-iildings  are  con- 
nected by  a   7.x7-ft.  tunnel   500  ft.   long,  so   that  there 


will  be  no  dilliculty  in  carrying  the  mains  and  cables 
necessary  to  tlie  older  building.  It  has  been  supplied 
with  electrical  energy,  steam  and  enough  refrigeration 
to  cool  the  drinking  water  by  a  public-service  corpor- 
ation and  will  continue  to  take  these  services  until  the 
contract  expires  two  years  hence.  As  a  consequence,  the 
new  plant  is  underloaded  for  the  time  being  and  is  not 


Fig.  2.  Boiler  Fhoxts  and  Coal  IUnkei!  at  Left 

giving   quite   as  good   results   as   it   will   when    carrying 
both  buildings. 

Sekvices  Eendered  by  Plant 

The  Dime  Savings  Bank  Building  is  equipped  with 
3400  sixty-watt  lights,  which  total  204  k\v.  when  all  are 
in  nse.  The  power  load  consists  of  29  motors  for  gen- 
eral use  ranging  from  3  to  60  hp.,  and  nine  elevator  mo- 
tors, eight  of  25-  and  one  of  30-hp.  capacity.  These 
high-speed,  direct-traction  motors  take  current  at  220 
volts.  The  car  speed  is  550  ft.  per  min.  and  the  direcl, 
travel  2G8  ft.  In  February,  the  electrical  load  averaged 
close  to  2200  kw.-lir.  per  day  of  24  hr.,  which  would 
call  for  a  uniform  generator  capacity  of  less  than  100 
kw.  The  night  and  Sunday  loads,  however,  are  light, 
and  during  week  days,  when  the  elevators  frequently  im- 
pose heavy  peaks,  it  is  necessary  to  keep  two  200-kw. 
units  in  operation,  although  for  the  greater  part  of  the 
tinie  one  machine  could  handle  the  load. 

For  heating  the  building  there  are  47,000  sq.ft.  of  di- 
rect radiation  and  16,000  of  indirect  serving  the  bank 
and  a  restaurant  in  the  first  basement.  As  much  as  pos- 
sible of  this  is  made  up  by  the  exhaust  from  the  main 
units  and  the  steam-driven  auxiliaries.     The  balance  is 
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live  steam  supplied  direct  from  the  boilers  through  a  re- 
ducing valve.  Besides,  live  steam  is  supplied  to  the 
restaurant  at  30-lb.  and  some  at  6-lb.  pressure  to  a  30-ton 
absorption  plant  to  supplement  the  exhaust  from  the 
brine,  aqua  and  drinking-water  pumps. 

In  the  Ford  Building,  which  is  19  stories  high  and  in 
plan  measures  138x110  ft.,  there  is  a  total  connected 
motor  load  of  426  hp.  besides  the  lighting.  For  an 
average  the  year  around,  the  load  will  closely  approxi- 
mate that  of  the  new  building.  Most  of  the  jwwer  is  re- 
quired by  the  six  hydraulic  plunger  elevators  which  have 
a  travel  of  212  ft.;  during  the  day  they  are  served  by  a 
9xl8-in.  triplex  pump  driven  by  a  150-hp.  motor.  There 
are  two  other  pumps,  each  71^x12  in.,  of  the  same  type, 
driven  by  80-hp.  motors,  which  are  used  singly  for  night 
service  or  in  unison  when  the  large  pump  is  shut  down. 
Besides,  one  of  the  smaller  pumps  is  carried  on  the  line 
continuously,  but  is  set  low  so  that  it  is  not  called  into 
service  unless   something   .serious    happens   to   the   main 


pump  and  fan  rooms  are  in  the  first  basement  and  the 
boiler  room  occupies  a  part  of  both.  There  is  a  total  ca- 
pacity of  1400  hp.  in  boilers,  KlOO  kw.  in  five  generating 
units  (a  ratio  of  1.4  to  1,  respectively)  and  a  refrigerat- 
ing capacity  of  30  tons.  About  half  of  the  auxiliaries  are 
steam  driven  and  the  balance  is  operated  liy  motors.  The 
electrical  service  is  three-wire,  direct-current. 

BOILICI!    I»0()f)il 

There  are  four  water-tube  i)()ilers,  see  Fig.  2,  each 
rated  at  350  hp.,  which  have  3500  .sq.ft.  of  heating  sur- 
face. The  working  pressure  is  150  lb.,  with  no  super- 
heat. Each  boiler  is  equipped  with  a  Taylor  stoker  of 
the  three-retort  type,  and  all  but  one  have  ignition 
arches.  The  exception  apparently  steams  harder,  but 
there  has  been  no  noticeable  difference  in  the  economy. 
Farmington,  W.  Va.,  coal  having  13,800  B.t.u.  and  cost- 
ing $2.75  per  ton,  is  the  fuel  burned.  A  fuel  bed  aver- 
aging 30  in.   is  carried,  and  forced  draft  is  supplied  by 
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unit.  The  pumps  operate  against  an  average  pres- 
sure of  180  lb.  and  are  set  to  cut  out  at  230  lb. 
There  is  also  a  triplex  .")iAxl2-in.  pump  driven  by  a 
2o-hp.  motor  whicli  serves  a  four-ton  freiglit  lift.  For 
ventilating  and  exliaust  fans  there  arc  six  motors  total- 
ing 50  hp.  Two  house  ])unips  and  the  ice-water  circu- 
lating pump  are  each  driven  by  4-h]i.  motors,  two  cir- 
culating pumps  on  tlic  air  wasliers  take  2  hp.  each,  the 
vacuum  cleaner  15  lij). ;  for  the  sewage  ejector  there  are 
(Miplicate  sets  of  air  com])ressors  driven  by  5-hp.  motors. 

The  building  lia.s  38,000  sq.fl.  of  direct  radiation 
served  by  a  Paul  .system,  which  is  now  sujiplied  witli 
.steam  at  5-iI).  ])rcssure  by  (he  llur])liy  Power  Co.  To 
maintain  the  hot-water  service,  steam  is  required  all  the 
year  round. 

In  the  Dime  Shavings  Bank  Building  the  engine  room 
is  in  llie  siib-bascment,  32  ft.  below  the  street  level,  the 


either  of  two  (io-hp.  motor-driven  fans  with  a  capacity 
of  3C,000  cu.ft.  of  air  ]ier  min.  At  the  wind  boxes  of  the 
stoker  the  air  pre.>jsiire  is  3  in.  of  water. 

The  breeching  is  rectangular  in  section,  at  the  farth- 
est boiler  the  dimensions  being  4  ft.  4  in.  by  4  ft.,  at  the 
second  boiler,  4  ft.  4  in.  by  6  ft.  5  in.,  and  at  the  fourth 
boiler  and  from  there  on  to  the  stack,  4  ft.  4  in.  by  0 
ft.  6  in.  Three  sweeping  turns  intervene  between  the 
boilers  and  the  stack.  i)ut  as  the  latter  rises  370  ft. 
above  the  grates  and  gives  a  theoretical  draft  of  nearly 
2.5  in.  at  500  deg..  the  added  resistance  to  the  flow  of 
gases  is  easily  cared  for.  As  a  matter  of  fact,  it  is  nec- 
essary to  danipt'r  the  ])ull  of  the  stack  to  a  small  frac- 
tion of  an  inch  over  the  fire,  as  the  blower  forces  the 
air  through  the  fuel  bed  and  it  is  only  necessary  for  the 
stack  to  overcome  the  resistance  to  the  flow  of  gas  in  the 
settings   and    hreecbing.      The   stack    is   oval    in   .section. 
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measuring  4  ft.  10  in.  by  9  ft.,  and  is  lined  all  the  way 
up  with  3%-iu.  vitrified  asbestos.  The  entire  load  is 
now  carried  by  one  boiler  which,  during  the  winter,  is 
run  at  40  per  cent,  overload,  in  the  .spring  and  fall  at 
rating,  and  in  the  summer  it  is  underloaded. 

Feed  water  is  drawn  from  a  1500-hp.  open  heater  by 
either    of    two    outside    end    packed    plunger    pot-valve 


Fig.  4.  Ten-Panel  Switciiboakd 

pumps,  7I/2  and  5  by  10  in.,  which  have  duplicate  steam 
lines,  one  from  each  header.  The  water  lines  are  also  in 
duplicate.  Two  2-iu.  injectors  are  installed  as  a  reserve. 
The  water  is  measured  by  a  venturi  meter  and  there  is 
a  second  meter  to  measure  the  drips  which  are  returned 
by  means  of  a  Holly  system. 

Coal  and  Ash  Handling 

Coal  is  delivered  by  wagon  and  dumped  directly  into  a 
bunker  9  ft.  2  in.  wide,  06  ft.  long  and  32  ft.  deep. 
There  are  three  manholes  and  four  doors  on  the  boiler- 
room  side  of  the  bunker  near  the  bottom,  the  latter  be- 
ing equipped  with  gates  and  short  chutes  through  which 
the  coal  is  loaded  into  a  traveling  monorail  bucket  of 
900-lb.  capacity,  fitted  with  a  suspended  type  of  scale. 


Elevatoi!  Motoi!  and  Control  Boakd 


The  bucket  may  be  raised  or  lowered  by  an  electric  hoist. 
The  stoker  hoppers  have  been  enlarged  to  hold  four 
buckets  of  coal  about  3600  lb.,  at  a  time,  and  at  the  outer 
edge  have  hooks  which  catch  tlie  bucket  and  cause  it  to 
tilt  its  contents  into  the  hopper. 

For  removing  ashes  the  same  bucket  is  lowered  into 
the  ashpit  which  extends  past  the  boiler  front.  The 
ashes  are  shoveled  in  and  then  carried  to  a  bucket  ele- 
vator at  the  end  of  the  boiler  room. 


Engine  Room 

There  are  five  generating  units  rated  at  200  kw.  The 
engines  are  17x2'i'-in.  and  of  the  four-valve,  nonreleasing 
type  provided  with  10-ton  flywheels  and  revolving  at  150 
r.p.m.  Fig.  3,  shows  one  of  the  units.  The  generators 
are  three-wire,  115-230-volt  direct-connected  machines 
and  designed  to  adjust  an  unbalancing  of  200  amp. 
per  side.  The  engine  cylinders  are  oiled  by  force-feed 
lubricators.  Oil  from  the  bearings  is  passed  through 
til  tors  once  a  week  and  returned  to  the  four-barrel  stor- 
age tank  near  the  engine-room  ceiling  to  give  a  gravity 
flow  to  the  bearings. 

The  switchboard,  Fig.  4,  has  ten  panels  of  blue  Ver- 
mont marble,  five  for  generators,  one  tie  panel,  and  four 
feeder  panels.  There  are  two  sets  of  busbars,  one  for 
power  and  one  for  light,  and  when  necessary  the  two  can 
be  thrown  together  at  the  tie  panel.  Two  integrating 
meters  record  the  lighting  load,  one  the  total  output 
and  another  the  supply  to  the  elevators.  There  is  also  a 
giigi'  l.ioard  showing  ])rcssiires  cm  the  various  boilers  and 


Fig.  6.  Part  of  the  Ab,soi!ption  Plant 
headers,  the  city  water  and  heating  mains  and  the  air 
compressor.     On  the  steam  services  there   are  also  re- 
cording gages,  and  a  differential  draft  gage   shows  the 
pressure  in  the  breeching. 

Piping 
As  shown  in  the  plan  of  the  piping.  Fig.  7,  8-in.  leads 
extend  from  the  middle  drum  of  each  boiler  through 
automatic  stop  and  non-return  valves  to  a  12-in.  steel 
header.  Horizontal  bends  of  7-ft.  radius  care  for  the 
expansion  and  contraction.  The  header  has  a  valve  at 
the  center  and  one  at  either  end,  so  that  any  one  of  the 
boilers  may  feed  in  either  direction,  an  8-in.  loop  making 
the   circuit  of  the  engine  room.     Six-inch  pipes  supply 
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Fig.  7.  Plan  of  Pipinu  in  Encixh  and  Boili;];   Koojis 
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each  unit.  Feediiiff  tliree  engines  fully  loaded  and  tak- 
ing 40  lb.  of  steam  ])or  kilowatt-hour  from  one  end  of 
the  header  demand  a  wteam  veloeity  of  .'?200  ft.  per  niin. 
in  the  loop  and  IHOO  ft.  in  the  engine-supply  pipes.  The 
loop  is  made  \\\t  of  extra-heavy  steel  pipe  with  van- 
stone  joints  and  a  valve  at  the  center  dividing  tiic  units 
two  and  three. 

The  exhaust  i)ii)es  from  each  engine  arc  H  in.  in  diam- 
eter and  under  the  conditions  given  for  the  supply  with 
the  discharge  at  atmospheric  pressun;  aiui  a  cpiality  of 
87  per  cent.,  necessitate  a  steam  velocity  of  nearly  9000 
ft.  per  min.  This  appears  a  trifle  high  and,  on  the  con- 
trary, the  velocity  of  the  supply  is  helow  the  average. 
'Die  eviijiust    pipes    unite   intf)   a   common    IK-in.   exhaust 


main  discharging  into  a  o.xlO-ft.  expansion  tank  or 
through  a  back-i)ressure  valve  to  atmosphere.  From  the 
expansion  tank  one  12-in.  pipe  sujjplics  the  feed-water 
heater  and  three  hot-water  heaters  for  house  service  with 
exhaust  steam.  Another  12-in.  pipe  for  direct  heating 
rises  to  a  ])ipe  gallery  ahove  the  twenty-third  floor  and 
feeds  downward  through  14  branches.  From  the  same 
number  of  return  lines  tlu;  condensation  from  the  heat- 
ing surface  is  collected  in  a  (J-in.  header  and  returned  to 
tlu!  heater  by  either  of  two  10  and  Ifi  by  16-in  vacuum 
pumps.  The  smaller  taps  to  the  expansion  tank  go  to 
the  indirect  surface,  and  it  will  be  noticed  that  there  are 
two  10-  aiul  14-in.  blank  flanges,  one  for  the  Ford  Build- 
ing iind  one  for  future  use.     .V  fi-in.  |)ipe  I'mni  the  auxili- 
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ary  boiler  header  siipplies  the  expansion  tank  with  live 
steam  when  necessary  and  a  second  pipe  of  the  same 
diameter  carries  live  steam  to  the  feed  and  hot-wator 
heaters,  each  of  the  latter  having  a  capacity  of  1400 
sal.  per  honr.  The  low-pressure  drips  are  collected  in 
a  drip  tank  and  trapped  to  the  sewer. 

MiSCELLAXKOrS    PUJIPS  AXD    FaXS 

To  indicate  which  of  the  auxiliaries  are  power  driven 
and  which  steam,  the  following  is  a  list  of  pumps  and 

Dime  Savings  Bank  Building 

Boiler  Room  log 


Fig.  9.  Boii.ER-Rooir  Log 

fans  not  previously  mentioned.  There  are  one  oi/ox^i-in. 
triplex  house  pump  driven  by  a  15-hp.  motor,  aud  one 
21/2-i"-  centrifugal  for  the  same  service.  For  the  30-ton 
absorption  system  there  are  two  6i/s  and  4  by  8-in. 
simplex  pumps  to  circulate  the  drinking  water,  two  10 
and  614  by  12-iu.  pumps  to  circulate  the  brine  to  tiie 
restaurant  and  one  aqua  pump,  8  and  31^  by  12-in. 
There  are  also  two  motor-driven  4-in.  centrifugal  sump 
pumps  and  one  12  and  61/2  by  12-in.  elevator  pump  serv- 
ing a  hydraulic  money  lift,  and  a  hydraulic  elevator 
running  between  the  first  floor  aud  the  safety  deposit 
vaults  of  the  bank. 

DIME    SAVINGS    BANK    BUILDING 

ENGINE     ROOM     LOG 


Fig.    10.    ExGixE-EooM    Log 

For  blowing  the  motors  and  generators,  for  hot-wa- 
ter-heater control  and  in  the  barber  shop,  compressed  air 
at  20  to  25  lb.  pressure  is  required.  This  is  supplied  by 
two  small  compressors  driven  by  3-hp.  motors.  The 
vaciiiim  cleaner  requires  a  1.5-hp.  motor  and  the  two  air 
washers  for  the  bank  and  restaurant  have  114-iu.  pumps 


driven  by  3-hp.  motors.  In  the  basement  there  are  five 
fresh-air  fans  requiring  a  total  of  Hi  hp.  in  motors  and 
four  exhaust  fans  taking  22  hp. 

REcoifns 

With  the  meters  and  gages  previously  mentioned 
steam-flow  meters  soon  to  be  installed  on  the  outlet  of 
each  boiler,  a  COj  apparatus  and  a  water  weigher  on 
the  heating  system,  the  facilities  are  good  for  the  ex- 
cellent system  of  keeping  records  shown  herewith.  Fig. 
9  is  the  boiler-room  log,  Fig.  10  the  engine-room  log, 
and  Fig.  11  the  power-plant  daily  report  sheet.  From 
this  sheet  the  monthly  report  is  plotted  on  coordinate 
paper  which  is  hung  in  a   doulile  roll  on  the  wall,  the 

DIME  SAVINGS  BANK  BUILDING 

DAILY  REPORT  SHEET 


Lbt  Co«l  R«eived 

Load*  of  A<hu  Drexrn  Away 

Lb*  Co«l  Bunted 

U>»  AA  Removed 

P«  cent  AJt 

-          Temp.  Feed  W.ler 

Faclot  o(  Evipor»lion 

Lbi   Walef  Evaporated 

U.I   Walei   Evaporated  from  nnd  at  312    per  lb   Cod  ai  Fijed 

Average  a  H    P   Developed 

Lbi  Coal  Iter  B   H    P   H 

K.  W,  Hour.  DeLvered  lo  Ugk-inK  Bu„n 

K   W   Houra  Delive.cd  lo  Power  BuMC* 

Tool  K-  W  Houra  Delivered  10  Sw.tthboard 

K-  W  Hour.  Delivered  (0  Elevator  Citcu.i 

K.  W  Houra  Delivered  lo  Aunliary  Mathioerv 

AveraBe  Vaeminn  on  H   Syitem 

Ua.  Lxhaut  Steam 

Lbl  L.ve  S<eam 

Li>a  CendeciMle  Returned  Inm  Onie  Suildins 

Lb».  Condenaate  Returned  from  Ford   Building 

Lba  C*nden»ate  Returned 

Lb.  Condeoaare  Returned  from  all  Bu.ldin(> 

.EM.HKS 

Fig.  11.  1'oweh-Plaxt  Daily  Report  Sheet 

records  for  the  past  month  being  rolled  up  as  fresh 
paper  for  the  current  records  is  unrolled.  The  records 
for  the  entire  year  are  eventually  available  on  the  roll. 
Albert  Kern  is  manager  of  the  Ford  properties  and 
Y.  L.  Bowles  is  chief  engineer  of  the  plant.  To  the  hit- 
ter we  are  indebted  for  much  of  the  information  con- 
tained in  this  article. 

'P. 

Rnlancing  of  Machinery — In  these  days  of  high  rotational 
.speed,  the  whole  question  of  the  balancing  of  machinery  has 
assumed  redoubled  importance,  for,  if  there  is  any  lack  of 
proper  balancing,  the  ensuing  vibration  will  in  magnitude  be 
proportional  to  the  square  of  the  speed,  while  the  number  of 
times  the  vibrational  force  is  applied  per  minute  will  vary 
directly  as  the  speed.  Thus,  if  we  consider  only  fatigue 
stresses,  the  harmful  effect  of  a  given  amount  of  lack  of  bal- 
ance would  increase  as  the  third  power  of  the  speed  of  rota- 
tion.— •■The   Engineer." 

'M 

Hoiirr  Failed  in  Capacity — One  of  two  250-hp.  boilers 
failed  to  develop  its  rated  capacity.  There  being  no  flue-gas 
analyzing  outfit  handy,  the  plant  manager  arranged  to  de- 
termine the  performance  of  all  the  boilers.  A  small  hole 
was  drilled  in  the  rear  wall  of  the  boiler  setting  just  be- 
low the  line  of  lower  tubes,  and  a  small  iron  rod  was  inserted 
a  short  distance  under  the  boiler.  With  the  highest  rate  of 
combustion,  the  rod  would  melt  at  the  end;  with  fairly  good 
combustion,  the  rod  became  white  hot;  with  excess  air  com- 
ing through  the  grate  and  a  large  percentage  of  the  gas 
passing  up  the  stack,  the  rod  remained  black  or  red.  Because 
of  these  tests  one  boiler  was  discontinued,  resulting  in  a 
saving  of  approximately   one  pound  of  coal  per  kilowatt-hour. 
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SYNOPSIS — Explanation  and  curves  showing  how  a 
change  in  speed  will  affect  the  voltage  regulation  and  the 
commutation  due  to  increased  armature  reaction. 
■A 
Not  infrequently,  direct-current  generators  are  driven 
at  speeds  differing  to  some  extent  from  those  for  which 
they  are  rated,  and  it  is  interesting  to  note  the  eiTect  of 
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Fig.    1.    Saturation    C'ikvi-: 

such  changes  u])ou  tlie  operating  characteristics.  Two 
results  may  be  more  or  less  ijronounced:  First,  the  com- 
pounding or  voltage  regulation  of  the  machine  is  changed, 
and,  second,  the  commutation  may  be  affected  and  a 
.lifferent  neutral  or  best-running  brush  position  occur. 

The  effect   of  speed  upon   compoimdiug  is  shown  in 
Fiff.    1,   which   is   a   saturation   curve   for   the   magnetic 
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Fig.  2.   KixurLATio.v   Cl'iivks  at  DirriciticNT   Sim:i;i)s 

nuit  of  a  direct-current  generator,  operating  normally 
■\\  2.">0  r.p.m.  The  220-volt  no-load  point  occurs  at  A, 
just  above  the  knee  of  the  curve,  and  the  ampere-turns 
due  to  the  series  field  arc  represented  by  .1/^.  'i'lie  iu- 
I  lease  in  magnetic  density  caused  by   these  additional 


ampere-turns  in  the  field  is  shown  by  BC.  This  addi- 
tional excitation  causes  an  increase  of  25  volts  in  ter- 
minal pressure  between  no  load  and  full  load  at  250 
r.p.m. 

If  this  generator  lie  sjiceded  up  to  2T5  r.p.m.,  it  will 
operate  over  a  different  portion  of  the  magnetization 
curve.  Due  to  the  increase  in  sjjeed,  the  no-load  voltage, 
220  volts,  will  be  delivered  at  a  lower  degree  of  satura- 
tion. This  point  will  then  occur  at  a  lower  portion  of 
the  curve,  at  D.  The  series  field,  still  having  the  same 
ampere-turns  with  the  same  load,  represented  by  DE, 
\\\\\  have  a  magnetizing  effect,  EF.  This  increase  in 
magnetization,  due  to  the  series  field  ampere-turns,  is 
seen  to  be  greater  than  before,  the  distance  EF  being 
greater  than  BC.  Moreover,  an  equal  increase  in  mag- 
netic density  will  cause  a  greater  increase  in  voltage  at 
2T5  than  at  250  r.p.m. 

The  two  regulation  curves  are  shown  in  Fig.  2.  The 
curve  for  the  machine  operating  at  250  r.p.m.  is  similar 
to  the  portion  of  the  magnetization  curve  from  A  to  C. 
Internal-resistance  drop  and  armature  reaction  tend  to 
cause  the  voltage  to  decrease  with  the  load,  whereas  the 
increase  in   terminal   voltage   due  to   over-compounding 
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causes  the  effect  of  the  shunt  field  to  increase,  largely 
counteracting  these  tendencies.  The  curve  for  the  ma- 
chine operating  at  275  r.p.m.  is  obtained  by  increasing 
each  value  of  com]iounding  elTect,  such  as  Gil  and  EV , 
by  the  ratio  275/250.  These  values  are  not  entirely 
correct,  due  to  the  factors  noted  above,  but  are  close 
approximations  for  comparison. 

It  will  be  seen  that  a  change  in  s]ieed  of  a  direct-cur- 
rent generator  will  cause  a  considerable  change  in  its 
compounding  characteristics.  Machines  operating  above 
B|ieed  will  usually  re(pure  a  german-siiver  shunt  around 
the  series  field  to  iniiinlaiM  tbe  over-comiHiunding  at  the 
desired  value. 

The  portion  of  the  magnetization  curve  over  which  a 
generator  operates  may  have  an  iiiipoilant  elTect  when 
two  machines  are  jiaralleled.  Fig.  3  slmws  the  voltage 
regulation  curves  of  two  generators  ecjually  over-com- 
pounded ill  that  the  rise  in  voltage  from  no  load  to  full 
load  is  the  same  for  both.  At  intermediate  loads,  such 
as  hair  load,  tliere  is  considerable  (lill'ereiue  in  voltage, 
so   that   if   the   machines   be   connected   in   jiarallel,   ma- 


200 


P  0  W  E  R 


Vol.  40,  No.  6 


chine  .1  will  tend  to  take  the  greater  share  of  the  load 
at  this  point.  This  makes  it  apparent  that  a  correct 
division  of  load  cannot  be  maintained  over  the  entire 
operating  range  if  tlie  two  or  more  generators  in  parallel 
have  dissimilar  regulation  curves.  As  previously  stated, 
the  shape  of  the  regulation  curve  depends  lai'gely  upon 
that  portion  of  the  magnetization  curve  over  whicli  a 
machine  operates.  It  was  shown  that  a  change  in  speed 
will  change  the  operating  point  on  the  magnetization 
curve,  hence  it  is  evident  that  it  is  generally  possible 
by  adjusting  prime-mover  speeds  slightly  to  modify  the 
compounding  curves  in  such  a  manner  as  to  improve  the 
load  division  by  causing  the  machines  to  have  similar 
voltage  regulation  characteristics. 

The  second  effect  of  speed  change  is  in  respect  to 
commutation.  If  a  machine  be  driven  above  normal 
speed  it  will  deliver  rated  voltage  at  a  lower  degree  of 
magnetization  than  normal.  If  the  iron  be  thus  less 
saturated,  the  effects  of  armature  reaction  will  be  more 


pronounced,  the  neutral  more  widely  shifted  with  load 
changes  and  sparking  more  likely  to  take  place.  The 
full-load  neutral  will  probably  occur  at  a  different  point 
than  that  for  normal  operation,  so  that  a  relocation  of 
the  brushes  will  be  desirable. 

Advantage  of  this  feature  may  be  taken  in  an  opjiosite 
manner.  If  a  generator  oiJerating  at  normal  speed  shows 
a  tendency  to  sparking  and  it  is  found  that  the  neutral 
point  shifts  widely  with  the  load,  indicating  a  strong 
armature  reaction  effect,  then  it  may  be  possible  to  rem- 
edy, or  at  least  to  alleviate,  the  difficulty  by  slowing 
down  the  drive  a  little.  This  will  cause  the  generator 
to  operate  at  a  higher  degree  of  saturation  in  order  to 
deliver  its  rated  voltage.  Operating  at  the  higher  mag- 
netic density,  the  neutral  will  be  more  stable  and  com- 
mutation should  be  improved.  This  has  the  effect  of 
increasing  the  relative  field  ampere-turns  with  respect 
to  armature  ampere- turns,  a  change  productive  of  better 
commutation  constants. 
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SYNOPSIS — The  performance  of  a  fan  depends  largely 
tipon  its  intelligent  selection  to  meet  the  operating  con- 
ditions. When  to  choose  a  multi-vane  and  a  straight- 
blade  fan.    Static  and  total  efficiencies  are  also  defined. 

The  centrifugal  fan  is  meeting  with  increasing  ap- 
plication in  general  engineering  practice,  yet  little  atten- 
tion has  been  paid  by  the  majority  of  engineers  to  the 


applications  in  various  industries,  such  as  fui-nishing 
blast  to  forges  rnd  furnaces;  the  removal  of  industrial 
waste  by  means  of  exhaust  systems  and  the  supplying 
of  air  for  various  drying  and  manufacturing  processes. 

Tiie  tenn  "centrifugal  fan"  designates  that  form  of 
construction  commonly  known  as  the  steel  plate  or  multi- 
blade  type  as  distinguished  from  the  positive  blower  type, 
such  as  the  Root  or   Connersville.     It  is  nsed  to  work 
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advancement  in  design  and  construction  of  fans,  or  to  the 
performance  and  selection  of  the  various  types.  The 
electrical  engineer  now  uses  fans  for  generator  cooling; 
the  power-plant  engineer  for  forced  and  induced  draft  as 
well  as  for  the  removal  of  ashes  and  the  cooling  of  hot 
boiler  rooms;  and  the  operating  engineer  in  industrial 
or  public-building  installations  uses  fans  for  heating,  ven- 
tilating and  cooling.     The  fan  also  has  many  special 


against  comparatively  low  pressures,  ordinarily  only  a 
few  ounces,  or  at  most  about  16  oz.,  and  is  made  up  of  a 
rotating  arbor  or  plate  to  which  are  attached  a  series  of 
blades.  When  this  drum  is  rotated,  the  columns  of  air 
between  the  blades  are  given  a  centrifugal  motion,  deliv- 
ering the  air  from  the  center  to  the  wheel  circumference. 
In  different  forms,  the  centrifugal  fan  has  been  l)uilt 
for  over  200  years,  and  even  as  far  back  as  1847  a  Mr. 
Buckle  presented  data  before  the  Institute  of  Mechanicol 
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Engineers  for  the  design  of  fans  which  does  not  differ 
greatly  from  present  practice.  In  1872  the  first  complete 
treatise  on  the  theory  of  the  centrifugal  fan  was  pub- 
lished by  Daniel  Murgue,  engineer  to  the  Colliery  Com- 
pany of  Besseges,  and  this  theory  is  still  accepted  by 
authorities  on  fan  performance.  These  eailier  fans  were 
used  largely  for  mine  ventilation,  and  later  for  the  venti- 
lation of  tunnels.  At  first  they  were  simply  for  exhaust- 
ing and  were  not  fitted  with  a  housing.  In  this  way  only 
the  centrifugal  velocity  was  employed,  and  no  benefit  was 
derived  from  the  rotational  velocity. 

Some  of  the  earliest  fans  are  shown  by  Figs.  1  to  3, 
from  which  it  will  be  noticed  that  some  were  fitted  with 
a  cone-shaped  discharge,  intended  to  reduce  the  velocity 


Fig.  7.  Effect  of  Centrifugal  Action  in  Fan 
Wheels 

of  the  air.  This  same  j^rinciple  is  still  used  in  fans  for 
mine  ventilation.  The  earliest  fans  were  built  both  with 
straight  and  with  curved  blades,  but  these  blades  were  al- 
ways long  radially,  and  in  some  cases  the  housing  was 
circular  instead  of  spiral  in  shape;  therefore,  no  benefit 
was  obtained  from  the  centrifugal  action  of  the  air  within 
the  fan  wheel,  and  only  the  velocity  of  discharge  was 
utilized. 

One  of  the  first  multivane  types  using  short  curved 
blades  was  designed  by  Professor  Ser,  of  Paris,  about 
1884,  a  sketch  of  which  is  shown  in  Fig.  4.  Numerous 
other  designs  of  curved-blade  multivane  fans  were  pat- 
ented within  the  next  15  years,  but  the  most  Avidely  known 
is  the  Davidson  patent,  more  commonly  called  the  Sirocco 
fan,  shown  in  Fisr.  5,  which  represents  the  fan  as  first 
patented,  in  1900.  Various  American  fan  builders  have 
brought  out  multivane  fans  within  the  last  few  years, 
generally  differing  in  some  essential  feature  from  the 
Sirocco  fan. 

One  of  these  is  the  Niagara  Conoidal  fan,  Fig.  G, 
which  embodies  two  special  features :  First,  the  diverging 
cone  effect  is  brought  back  into  tlie  fan  housing,  giving 
an  actual  lower  outlet  velocity  and  a  consequent  higher 
static  pressure;  secondly,  tlie  wheel  is  dilTercnt  in  its  de- 
sign from  anything  previously  built.  'I'he  blades  arc  of 
greater  deptli  radially  at  the  l)ack  than  at  the  front,  and 
are  generated  on  a  cone  by  a  generatrix  not  parallel  to 
the  axis.  By  nuiking  the  tangential  velocity  less  at  the 
I  back  of  the  wheel  than  at  fhe  front,  the  difTerence  in 
'  centrifugal  velocity  is  so  Vialanced  as  to  give  an  even  pres- 
sure across  the  entire  tij)  edge  of  the  blade. 

Relative  PEiMoiniAXCF;  of  STRAKiiir-  and  CrnvED- 
Blade  Types 

In  any  centrifugal  fan  there  arc  two  separate  and  in- 
dependent sourc<'S  of  pressure:  Fir.tt,  the  centrifugal 
force  due  to  tli(!  rotation  of  the  air  within  the  wheel : 
second,  the  kinetic  energy  contained  in  the  air  by  virtue 


of  its  velocity  upon  leaving  the  periphery  of  the  fan 
rotor.  The  action  of  the  centrifugal  force  upon  the  par- 
ticles of  air  within  the  fan  wheel  may  be  illustratecl  by 
the  tn-o  diagrams  in  Fig.  7.  Due  to  the  centrifugal  force, 
a  particle  of  air  at  A,  at  the  heel  of  the  blade,  will  be 
thro\vn  to  the  tip  and  given  a  velocity  W^.  The  result- 
ing velocity  V  is  the  combined  effect  of  IFj  and  the  ro- 
tational velocity  U„.  From  a  comparison  of  these  two 
figures  it  is  evident  that  a  fan  with  longer  blades,  if  they 
are  both  straight,  will  give  a  greater  pressure  than  may 
be  obtained  from  a  short-bladed  fan  at  the  same  speed. 

By  curving  these  short  blades  either  forward  or  back- 
ward, as  in  Fig.  8,  any  desired  variation  in  velocity  may 
be  obtained  for  the  air  leaving  the  tip  of  the  blade.  Thus 
when  the  blade  is  bent  forward,  a  pressure  greater  than 
that  corresponding  to  the  peripheral  velocity  will  be  ob- 
tained. This  results  in  the  same  pressure  at  a  lower  speed 
than  would  be  necessary  with  a  straight  blade  and  the 
same  wheel  diameter.  In  case  it  is  desired  to  directly 
connect  a  fan  to  a  high-speed  unit  without  developing  the 
corresponding  high  velocity,  the  blade  may  be  bent  ijack- 
ward. 

Centrifugal  fans  may  be  divided  roughly  into  two 
classes,  those  with  straight  radial  blades  and  those  with 
blades  curved  A\)th  reference  to  their  direction  of  rota- 
tion. The  amount  of  total  pressure  developed  by  a 
straight-blade  fan  may  be  mathematically  determined, 
but  in  the  case  ol  a  curved-blade  fan  this  can  be  known 
only  by  actual  test. 

An  essential  feature  is  the  housing  in  which  the  ^\heel 
or  rotor  is  inclosed.  The  kinetic  energy  of  the  air  leav- 
ing the  periphery  of  the  wheel  to  a  great  extent  must  be 
converted  into  potential  energy  in  the  form  of  static  pres- 
sure before  being  serviceable.  This  conversion  from  kinetic 
energy  or  velocity  into  static  pressure  is  ordinarily  accom- 
plished in  the  scroll  formation  of  the  fan  housing.  A 
still  further  conversion  is  often  secured,  where  the  veloc- 
ity leaving  the  outlet  is  high,  by  means  of  a  diverging 
nozzle  at  the  outlet.  The  shorter  the  blade,  the  greater 
must  be  the  dependence  on  the  scroll-shaped  housing  to 
obtain  the  desired  static  pressure,  and  for  this  reason  a 
properly  designed  housing  is  of  more  importance  with 
a  multivane  fan  than  with  the  older  straight-blade  type. 

The  standard  steel-plate  fan  may  be  considered  as  a 
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specimen  of  the  straight-blade  type,  although  if  the  tip  of 
the  l)lade  is  bent  in  either  direction,  the  characteristics 
will  be  slightly  changed.  The  ordinary  steel-plate  fan 
does  not  give  as  liigh  an  efficiency  as  the  multivane  type, 
because  it  is  designed  for  large  capacity  rather  than  for 
liigh  efficiency.  But  if  these  straight-blade  fans  are  made 
long  and  narrow,  with  a  smaller  inlet  tluin  is  used  on  the 
standard  fan,  tliev  may  be  made  to  give  higher  efficiencies 
tlian  can  be  obtained  from  any  of  the  multivane  tvpc  of 
fans. 
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Tlie  size  of  inlet  depends  on  the  cubic  feet  of  air 
handled  per  revolution  of  the  fan,  and  there  is  a  certain 
diameter  of  inlet  that  will  give  maximum  econom\'.  The 
smaller  tlie  inlet  diameter  as  compared  to  that  of  the 
wheel,  the  greater  will  be  the  efficiency  obtained,  but  at  a 
sacrifice  in  capacity. 

Relatiox  BETwr.EX  Static,  Velocity  and  Total  Pres- 

SIKES  AXD  BETWEEX  STATIC  AXD  TOTAL  EfFICIEXCV 

Frequent  reference  has  been  made  to  static  and  velocity 
pressures,  and  also  to  the  conversion  from  velocity  pres- 
sure to  static  pressure  at  the  fan  outlet.  In  practically 
all  installations  using  centrifugal  fans  there  exists  a  cer- 
tain static  resistance  of  the  system  to  be  overcome.  One 
common  source  of  such  resistance  is  the  loss  by  friction 
due  to  transmitting  the  air  through  a  system  of  ducts, 
which  varies  with. the  roughness  of  the  surface,  the  resist- 
ance of  elbows  or  other  obstructions,  and  as  the  square 
of  the  air  velocity.  A  further  source  is  in  the  fuel  bed 
of  furnaces  or  the  grates  of  a  boiler;  the  resistance 
offered  by  the  boiler  itself  or  by  an  economizer  in  the 
case  of  an  indaced-draft  fan;  the  loss  in  head  at  the 
hoods  and  through  the  collector  in  an  exhaust  system ; 
and  the  resistance  of  the  heating  coils  or  air  washer  in  a 
heating  or  ventilating  installation. 

It  is  necessary  for  the  fan  to  develop  a  definite  static 
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pressure  sufficient  to  overcome  the  various  static  resist- 
ances of  the  system.  In  addition  to  the  static  pressure, 
the  air  has  imparted  to  it  a  certain  velocity  pressure  due 
to  its  velocity  on  leaving  the  fan  outlet.  This  velocity 
is  dependent  on  the  amount  of  air  handled  and  on  the 
area  of  the  fan  outlet. 

The  total  pressure  is  the  velocity  pressure  at  the  fan 
outlet  plus  the  static  pressure  of  the  system,  and  is  the 
pressure  upon  which  the  performance  and  efficiency  are 
usually  based.  In  the  case  of  an  exhaust  or  "draw- 
through"  system,  the  static  head  should  be  taken  as  the 
difference  in  static  pressure  at  the  inlet  and  outlet  of  the 
fan,  one  being  positive  and  the  other  negative. 

The  relation  between  static  and  total  pressure  and  be- 
tween static  and  total  efficiency  is  not  generally  under- 
stood, ilany  consider  only  the  total  efficiency,  even  when 
the  resistances  are  estimated  in  static  pressures.  The 
static  pressure  is  the  potential  energy  developed  by  the 
fan,  and  is  the  energy  available  for  performing  useful 
work  in  overcoming  the  frictional  resistance  of  the  sys- 
tem. The  velocity  pressure  is  the  kinetic  energy  used 
in  moving  the  air  and  is  a  measure  of  the  air  quantity 
handled.  Init  until  it  is  converted  to  static  pressure  it  is 
not  available  for  overcoming  resistance. 


total  effinicnri/ 


Thus  it  is  seen  that  the  greater  the  static  pressure  de- 
veloped at  the  fan  outlet  in  proportion  to  the  velocity 
pressure,  the  more  effective  will  be  the  performance  of  the 
fan  in  overcoming  frictional  resistance,  and  therefore  the 
greater  the  "static  efficiency."  The  efficiency  is  the  ratio 
of  the  power  output  to  the  power  input,  or  the  ratio  of 
work  done  in  delivering  a  certain  amount  of  air  against 
some  known  pressure  to  the  work  done  by  the  engine  or 
motor  used  in  driving  the  fan.  There  may  be  two  dif- 
ferent efficiencies,  static  or  total,  depending  on  whether 
static  or  total  pressures  are  considered.  Since  the  total 
pressure  is  greater  than  the  static,  the  total  efficiency  is 
greater  than  the  static  efficiency,  and  for  this  reason  the 
efficiency  generally  referred  to  in  fan  performance  is 
based  on  the  total  pressure. 

A  fan  having  a  high  total  but  a  low  static  efficiency 
may  be  less  desirable  than  another  having  a  high  static 
cfiBciency  hut  relatively  lower  total  efficiency.  The  static 
efficiency  may  be  readily  calculated  when  the  ratio  of 
static  to  total  pressure  at  the  rated  capacity  of  a  fan  is 
known.  Thus,  if  the  static  pressure  is  80  per  cent,  of  the 
rated  total  pressure,  the  static  efficiency  \vill  be  80  per 
cent,  of  the  total  efficiency. 

The  efficiency,  in  terms  of  either  the  static  or  total  pres- 
sure, may  be  calculated  by  means  of  the  following  for- 
mulas : 

,   ,.      „  .  0.0001565  X  Q  X static  press,  (inchesy 

static  efficiencii  =  = — 7^ ; — ^^ 

Itorsepoicer  input 

0.00015G5  XQ  X  total  vress.  (mches} 
liursi'poiver  input 
■nhere  Q  equals  rhe  quantity  of  air  in  cubic  feet  per  min- 
ute. 

Relative  Pressure  Characteristics  of  Steel-Plate 

AND    MuLTIVAXE    FaXS 

As  may  be  seen  from  Fig.  9,  the  pressure  character- 
istics of  a  fan  having  forwardly  curved  blades  are  quite 
different  from  one  having  'strsiight  blades.  This  is  not 
generally  understood  and  is  often  overlooked  in  the  selec- 
tion of  a  fan  for  any  specific  duty.  It  will  be  noted  from 
the  curves  that  when  a  fan  with  foi-wardly  curved  blades 
is  operated  at  constant  speed  and  at  less  than  the  rated 
capacity  corresponding  to  that  speed,  the  total  pressure 
developed  will  be  less  than  the  rated  pressure  at  rated 
capacity.  Given  this  same  condition  with  a  straight- 
blade  fan,  operating  at  constant  speed,  the  pressure  tends 
to  increase  as  the  load  on  the  fan  is  reduced. 

These  relationships  are  frequently  of  great  import- 
ance in  the  selection  of  a  fan,  and  numerous  disappoint- 
ments in  performance  may  be  traced  to  the  fact  that 
the  fan  was  not  adapted  to  the  conditions  under  which 
it  was  to  operate.  Thus  if  a  fan  be  used  to  supply  forced 
draft  to  a  boile",  when  an  additional  load  comes  on  and 
an  extra  supply  of  coal  is  added  to  the  fire,  an  increase 
in  pressure  should  be  available  to  overcome  the  extra 
resistance  of  this  fresh  fuel  and  keep  up  the  rate  of  com- 
bustion. It  will  be  noted  from  Fig.  9  that  unless  the 
fan  speed  is  increased,  a  multivane  fan  under  these  condi- 
tions will  give  a  decreasing  pressure.  Owing  to  the  thick- 
ening of  the  fuel  bed,  the  delivery  of  the  air  is  throttled, 
and  as  the  capacity  of  this  type  of  fan  is  decreased  be- 
low the  rated  point,  the  total  pressure  falls  off.  Just  the 
opposite  will  hold  true  of  a  straight-blade  fan.  On  the 
other  hand,  if  a  fan  is  to  be  operated  at  considerable 
overload  without  an  increase  in  speed,  the  pressure  of 
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the  straight-blade  fan  will  fall  off,  but  the  total  pressure 
of  a  forwardly  curved  iiiultivane  type  of  fan  will  in- 
crease. 

A  better  conception  of  the  relative  performance  of  the 
two  types  may  bo  had  from  a  comparison  of  the  diagrams 
in  Figs.  10  and  11.  The  curves  in  Fig.  10  show  the  rela- 
tive performance  of  a  straight-blade  steel-plate  blower  of 
standard  make,  and  gives  the  performance  at  other  than 
the  rated  capacity.  The  horsepower  characteristics  for 
this  type  give  a  straight  line.  According  to  the  curve, 
the  rated  total  efficiency  for  this  fan  is  50  per  cent. 

The  curves  in  Fig.  11  show  the  relative  performance 
of  a  well  known  fan  of  the  forwardly  curved  blade  multi- 
\ane  type.  If  this  fan  is  operated  at  50  per  cent,  of  the 
rated  capacity  but  at  rated  speed,  the  static  pressure  will 
be  about  83  per  cent,  only  of  the  rated  and  there  will 
be  a  drop  in  static  efficiency  of  approximately  10  per 
cent.  One  advantage  of  this  type  may  be  noted  from  Fig. 
11,  where  it  will  be  seen  that  the  static  pressure  curve  is 
comparatively  fiat  at  the  point  of  rating,  and  that  a  con- 
siderable range  of  capacity  may  be  obtained  without  seri- 
ous loss  in  efficiency.    Also,  as  seen  from  the  horsepower 
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Fig.    10.   Performaxce   Curves  of  Straight-Blade 
Type 

curve  beyond  the  jxjint  of  rating,  the  jjower  consumption 
goes  up  very  rapidly,  with  an  increasing  total  pressure. 
This  explains  why  this  type,  when  motor-driven,  is  so 
likely  to  overload  the  motor  and  why  care  should  be  taken 
to  specify  a  motor  sufficiently  large  if  there  is  any  pos- 
sibility of  an  excessive  overload. 

Conclusions 

From  the  foregoing  it  will  be  seen  that  different  types 
of  fans  have  widely  different  characteristics,  and  should 
be  intelligently  chosen  if  the  best  results  are  to  be  e.x- 
jK'cted.  A\Tiile  the  impression  seems  quite  general  among 
engineers  that  the  multivane  fan  is  inherently  more  effi- 
cient than  the  steel-plate  type,  this  is  true  only  of  the 
commercial  steel-plate  fans  as  ordinarily  placed  on  the 
market.  These  fans  are  designed  for  large  capacity  rather 
than  for  high  efficiency,  but  if  properly  designed,  a 
sti-aight-blade  steel-plate  fan  may  be  made  to  give  even 
higher  efficiencies  than  multivanc  fans.  This  calls  for  a 
tall,  narrow  fan. 

The  multivane  fan  is  of  s])ecial  advantage  where 
space  (more  particularly  head  room)  is  of  importance. 
Its  higher  speeds  are  also  an  advantage,  since  they  allow 
direct  connection   to  higher-speed  motors,  or  give  better 


pulley  ratios  where  the  fan  is  belt  driven.  Where  a  con- 
stant or  increasing  pressure  is  required  when  operating  at 
less  than  the  rated  capacity,  tlie  straight-blade  fan  should 
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be  used,  but  the  multivane  type  is  the  better  one  to  use 
where  a  constant  or  increasing  pressure  is  required  above 
capacity. 
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By  W.  S.  Durand 

Steel  chimneys  arc  coming  more  and  more  into  favor, 
especially  where  ground  space  is  limited  or  the  stack  is 
erected  over  the  boiler  and  the  area  occupied  by  the 
boiler  has  to  be  incorporated  with  that  required  for  the 
chimney.  Steel  stacks  also  have  the  advantage  of  being 
easily  and  quickly  constrticted,  have  less  weight  for  a 
given  diameter  and  height  and  have  less  surface  exposed 
to  the  wind;  they  also  cost  mtich  less  than  other  types 
of  chimneys.  The  main  disadvantage  seems  to  be  that 
the  upkeep  cost  is  greater  since  a  steel  stack  must  bo 
kept  well  painted  to  prevent  corrosion. 

In  most  cases,  steel  chimneys  are  self-supporting  and 
are  generally  made  with  a  bell-shaped  base  V/^  to  2 
times  the  diameter  of  the  stack.  This  is  riveted  to  a 
heavy  cast-iron  plate  l)olted  to  the  foundation.  The  steel 
is  thickest  at  the  bottom  and  decreases  toward  the  top  of 
the  stack.  The  projier  thickness  for  any  given  section 
may  ho  determined  by  treating  the  shaft  as  a  uniformly 
loaded  cantilever,  the  wind  being  ordinarily  the  only  force 
tending  to  overturn  the  stack  since  it  is  rigidly  bolted  to 
the  foundation 

Without  going  into  tlie  necessary  steps 
.solution  of  this  problem,  the  e(|uati(>n  ol 
be  reduced  to  the  final  form : 


leading  to  tlu' 
moments  mav 


"-if^- 


(^■x^) 


Where 

7' =  Total   wind   ]iressure  in    iioniiils; 

/(=  Distance  from  center  of  nind  jii'essure  down 
to  a  given  point  for  which  the  thickness  is  In 
be  determined ; 

5  =  Safe  stress  in  pounds  per  sqnai'e  inch  of  ma- 
terial ; 

7),  =  External  dianu'ter  of  tlie  shell  in  inches; 

7)„  =  Internal  diameter  of  the  shell  in  iiU'hes. 
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This  is  the  usual  formula  appearing  in  most  Inwks  ou 
the  subject,  but  it  is  rather  complicated  and  requires  con- 
siderable time  for  its  solution.  By  using  different  nota- 
tion and  a  slightly  modified  form  for  the  moment  of 
inertia,  the  formula  for  thickness  may  be  expressed  as, 


-II 


VChen 


t  =  Thickness  of  shell  in  inches; 
P  =  AVind  pressure  in  pounds  per  square  foot; 
h  =  Distance   from   top    to   the  section   imder  con- 
sideration, in  feet : 
S  =  Safe  stress  in  pounds  per  square  inch ; 
r  =  Half  diameter  in  inches. 
Single-riveted  joints  are  ordinarly  used  on  stacks,  but 


where  great  stiffness  is  desired  all  girth  seams  are  double 
riveted.  Allowing  liOOO  lb.  per  sq.in.  as  a  safe  stress  for 
single-riveted  joints,  8000  lb.  for  double-riveted  joints 
and  a  maximum  wind  pressure  of  25  lb.  per  sq.in.,  this 
formula,  for  all  practical  purposes,  may  be  considered 
as  reducing  to  the  following  simple  forms: 
For  single-riveted  girth  joints. 

'  =  4^ 

7oO  r 
For  double-riveted  girth  joints. 


/  =  - 
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The  least  thickness  that  should  be  used  is  f^  in.,  and 
where  the  stack  is  over  7  ft.  in  diameter,  or  150  ft.  high, 
the  thickness  should  not  be  less  than  %  in. 


Oils  aiadl  ILufl]bocsiili©im==M 
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As  the  writer  has  never  found  laboratory  tests  of 
much  practical  value  in  the  selection  of  oils,  greases  and 
babbitt  metals,  he  has  of  necessity  confined  his  remarks 
to  that  which  he  has  observed  and  has  been  told  in  ex- 
changing experiences  with  engineers  and  machinists  on 
the  firing  line  who  had  to  do  with  the  use  of  these  com- 
modities in  a  practical  way.  The  distrust  of  testing-ma- 
chine results  is  due  to  the  fact  that  testing-machine 
journals  are  as  perfect  as  care  and  the  machinist's  skill 
can  make  them,  whereas  in  actual  mill,  factory  and  shop 
use  they  are  not  only  less  perfect,  but  are  subject  to  all 
sorts  of  varying  conditions,  and  more  particularly  the 
conditions  indigent  to  each  plant.  Even  the  oiling  de- 
vices are  entirely  different.  The  bearings  of  the  testing 
machine  may  be  made  of  babbitt,  while  the  oil  that 
showed  up  so  beautifully  on  these  babbitted  bearings  may 
be  used  in  bronze  or  brass  bearings  and  the  slight  pro- 
portion of  free  acid  in  the  oil  or  grease,  as  the  case  may 
be,  which  had  no  effect  on  the  babbitt,  will  at  onoe  start 
corrosion  on  the  surface  of  the  bronze  or  brass. 

The  laboratory  may  contribute  much  toward  showing 
to  what  extent  an  oil  or  grease  has  been  doped  with  de- 
teriorating products,  but  when  the  extent  of  its  adulter- 
ation escapes  detection  in  many  of  the  ordinary  tests 
then  the  quality  is  affected  hardly  enough  to  make  any 
noticeable  difference  in  its  lubricating  value  for  general 
bearing  requirements.  This  little  difference,  however, 
existing  in  each  bearing  throughout  a  large  mill,  factory 
or  plant,  foots  up  a  considerable  item,  and,  as  an  engi- 
neer suggested,  the  answer  to  the  question  of  oil  economy 
is  whether  more  or  less  power  is  required.  The  oil, 
grease  or  babljitt  may  seem  to  be  doing  all  right,  but 
what  is  it  costing  at  the  power  end  ? 

Oil,  like  water,  when  heated  by  friction,  evaporates, 
passes  off  like  steam  and  is  lost  into  space  with  the  heat 
it  has  absorljed.  This  transformation  is  said  to  take 
place  at  the  point  where  the  shaft  rests  heaviest  in  the 
bearing.  The  greasy  appearance  of  the  face  when  one 
has  spent  a  day  in  an  engine  room  shows  how  thoroughly 
the  air  is  charged  with  oil  vapor. 

With  the  new  oils  having  greater  viscosities  and  lower 
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gravities,  the  specification  and  simple  test  methods  that 
have  prevailed  for  years  must  be  confined  to  oils  pro- 
duced from  the  same  crudes. 

Pennsylvania  and  Southavestkrn  Crudes 

The  oils  from  the  Western  and  Southwestern  crudes 
are  now  being  sold  on  factory  results:  the  Pennsvlvania 
or  paraffin-base  oils  are  still  being  handled  oii  the  old 
specification  basis.  For  those  who  are  using  the  Penn- 
sylvania oils  the  following  will  be  of  interest. 

Fp  to  recent  times,  the  Pennsylvania  crudes  have  had 
the  reputation  of  giving  oils  that  make  the  best  light- 
spindle  lubricant,  and  oils  that  stand  the  highest  tem- 
peratures for  automobile  service,  while  the  California, 
Texas  and  some  AVestern  crudes  produce  the  heavier  hy- 
drocarbons that  possess  the  body  best  for  general  ma- 
chinery hd)rication  where  there  are  great  stress  and 
hea\7  loads. 

From  recent  scientific  tests  made  on  internal-combus- 
tion engines  it  has  been  proved  that  those  oils  which  have 
been  refined  from  low-gravity  crudes— the  Texas  and 
California  crudes — show  in  the  combustion  chamber  a 
carbon  formation  of  a  softer  nature  than  oils  refined 
from  a  paraffin-base  crude,  an  obviously  desirable  feature. 

The  red  oils  represent  the  stocks  used  in  general  ma- 
chinery lubrication;  the  light  brown,  lemon  and  pale 
lemon  are  the  oils  used  in  high-speed  engine,  motor  and 
automobile  service,  grading  to  the  extra  pale  and  water- 
white  oils  used  in  spindle-bearing,  sewing-machine  and 
clock  lubrication  and  places  where  stainless  oils  are  re- 
quired. The  Southwestern  crudes  produce  the  higher 
viscosity  oils  without  the  aid  of  admixtures.  These 
may  run  in  color  from  red  oil  to  lemon ;  the  same  is 
true  of  the  paraffin-base  oils.  It  is  a  known  fact  that 
for  steam-cylinder  lubrication  it  is  necessarv  to  use  a 
cylinder  stock  refined  from  a  paraffin-base  crude.  This 
may  be  Pennsylvania,  Ohio,  Indiana,  Illinois  or  Okla- 
homa crude,  all  of  which  give  equal  results  if  the  stocks 
are  carefully  selected  to  meet  the  operating  conditions. 
The  dark  steam-refined  stock  is  most  generally  used  as 
it  has  a  high  flash  test  and  shows  greater  viscosity..  Being 
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a  petroleum  product,  however,  it  has  no  affinity  for 
moisture.  It  will  not  stick  to  wet  cylinder  and  valve  sur- 
faces, and  must,  before  it  is  a  good  steam  lubricant,  be 
compounded  with  a  certain  amount  of  fatty  oil,  usually 
tallow,  so  that  it  will  emulsify  and  cling  to  the  surfaces. 

ExGixE-Rooii  Tksts 

Following  are  some  of  the  common  engine-room  tests 
for  ascertaining  quality  and  uniformity  that  have  been 
quite  generally  used  with  Pennsylvania  lubricants: 

For  gummy  conditions,  spread  the  oil  on  a  glass  plate 
and  expose  it  to  dry  heat.  The  sticky  nature  of  the 
residuum,  or  what  is  left,  indicates  the  extent  of  its 
gummy  qualities. 

To  get  an  idea  of  the  real  lubricating  body  or  viscos- 
ity of  an  oil,  get  two  or  three  glass  tubes  of  the  same 
dimensions,  fill  them  to  the  same  extent  and  allow  the 
oils  to  drop  out  of  the  small  ends  of  the  tubes.  See 
which  of  the  two  or  three  oils  drop  the  quickest.  The 
most  viscous  oil  will  move  or  drop  the  slowest.  By  vary- 
ing these  tests  at  a  cooler  or  warmer  temperature,  the 
evenness  of  the  viscosity  can  be  determined.  The  most 
practical  temperature,  of  course,  is  that  which  corres- 
ponds with  the  general  running  temperature  of  the  bear- 
ings in  which  the  oil  is  to  be  used. 

Another  test  for  ascertaining  the  clinging  qualities,  as 
well  as  the  viscosity  of  an  oil,  is  to  pour  a  drop  of  each 
of  several  oils  at  a  slight  distance  from  each  other  on  a 
clean  inclined  glass  plate,  having  the  plate  at  about  the 
temperature  of  the  bearings,  and  notice  the  time  it  takes 
for  each  drop  to  reach  the  bottom.  By  changing  the 
temperatures,  the  uniform  consistency  can  be  deter- 
mined. 

Place  two  oils  side  by  side  on  clean  blotting  paper 
resting  on  a  steam  heater.  The  oil  which  evaporates  the 
quickest  and  spreads  the  widest  is  the  thinnest  oil.  It 
shows  by  its  lightness  that  it  is  compounded  with  ma- 
terial of  light  specific  gravity.  If  exposed  for  some  time 
and  all  of  the  oil  disappears,  it  shows  that  it  is  all  pe- 
troleum. Pure  petroleum  penetrates  the  blotting  paper 
faster  than  when  compounded  with  fatty  oils.  When 
pure  petroleum  dries  off,  the  translucency  disappears. 
When  a  compound  with  fats  drvs,  the  blotter  is  ponnan- 
tntly  translucent.  When  an  inner  ring  with  a  well  de- 
fined form  is  noticeable,  it  indicates  compounding  with 
a  light  paraffin  stock. 

The  specific  gravity  of  an  oil  indicates  its  density  or 
weight.  This  is  easily  determined  by  a  hydrometer, 
which  can  be  obtained  at  a  trifling  cost  and  requires  no 
skill  in  its  use.  It  should  be  thorouglily  cleaned  for 
each  lot  of  oil  tested.  A  combination  hydrometer  and 
thermometer  is  best. 

Of  all  the  tests,  either  laboratory  or  those  just  .stated, 
the  most  essential  test  is  to  place  a  thermometer  in  con- 
tact with  the  bearing  and  determine  the  frictional  tem- 
perature, that  is,  the  temperature  of  the  bearing  minus 
tlie  room  temperature.  The  oil  showing  the  lowest 
frictional  temperature  under  like  mechanical  conditions 
is  the  best  lubricant  for  that  bearing. 

For  steam-cylinder  lubrication  the  best  practice  is  to 
check  the  cylinder-oil  consum[>(ion  for  an  hour's  run.  If 
possilile,  remove  the  cylinder  head  and  determine  the  oil 
film  by  aid  of  tissue  pajjcr,  noticing  the  number  of  sheets 
of  paper  penetrated  by  the  oil  film  :  tin's  will  give  an  idea 
of  the  extent  of  the  lubrication  being  furnished.     A  good 


method  is  to  use  an  ordinary  stethoscope,  which  will  en- 
able the  operator  to  distinguish  the  least  groan  or  dis- 
tress either  in  the  cylinder  or  in  the  valves. 

A  lubricating  oil  should  be  free  from  sulphur  com- 
pounds. A  test  to  determine  whether  sulphur  remains  in 
the  oil  is  to  heat  it  to  about  300  deg.  F.,  maintaining 
the  temperature  for  1-5  min.,  then  cool  and  compare  the 
color  with  the  original  oil.  If  it  is  darker,  it  indicates 
that  the  oil  has  been  badly  refined.  A  great  variety  of 
bearing  linings  will  not  stand  the  corroding  effects  of 
sulphuric  acid. 

The  flash  point  of  an  oil  is  that  point  in  temperature 
at  which  enough  vapor  arises  to  ignite  in  the  form  of  a 
flash  over  the  surface  when  brought  in  contact  with  a 
flame.  It  is  an  important  factor  in  determining  the 
suitableness  of  oils  that  must  stand  high  temperatures. 
In  making  the  test,  the  flame  should  be  brought  only 
near  enough  to  the  oil  to  reach  the  vapor,  say  within 
Vi  in. 

In  textile  mills  and  wherever  the  fire  hazard  has  to  be 
guarded  against,  special  attention  should  be  given  to 
the  flash  point  of  the  lubricant.  Also,  the  flash  point  is 
an  important  item  in  the  use  of  cylinder  oils,  as  oils  of 
high  flash  point  evaporate  less  quickly. 

The  fire  test  shows  the  point  at  which  the  oil  itself 
will  ignite  or  burn,  and  is  usually  from  50  to  75  deg. 
higher  than  the  flash  temperature. 

The  cold  test  is  the  point  at  which  the  oil  congeals. 
The  most  doubtful  test  is  that  concerning  the  viscosity 
of  an  oil  because  the  viscosity  may  be  due  to  the  presence 
of  wax  or  some  form  of  adulterant.  To  the  average  lav- 
man,  it  is  impossible  to  determine  adulterations  or,  in 
other  words,  false  viscosities  except  by  noticing  the  dif- 
ferences in  temperature  on  the  same  bearing.  An  adul- 
terated oil  will  show  greater  frictional  loss  and  natu- 
rally higher  temperature. 

Color  is  not  a  determining  factor  except  in  the  case 
of  selecting  an  oil  for  use  on  spindles  where  something 
is  wanted  that  will  not  stain.  The  general  machine 
oils  are  a  ruby  red  and  the  motor  and  auto  oils  an 
amber  or  lemon  color,  varying  in  lightness  and  darkness 
according  to  their  body  or  degree  of  refinement. 

The  gravities  of  oils  are  governed  by  the  crudes  from 
which  they  are  made.  The  high-gravity  oils  are  pro- 
duced from  the  Pennsylvania  crudes,  while  the  Western 
or  asphalt  crudes  show  a  lower  gravity;  the  lower  grav- 
ity indicates  a  greater  carbon  content. 

Oils  fou   Dikkkhext  Fsks 

A  good  all-round  red  oil  for  general  lubrication  made 
of  Western  or  asphalt  crudes  will  show  'i'-i  to  21  Tavitv, 
about  3!>5  flash  and  250  to  2!t5  viscosity,  while  an  oil 
used  for  the  same  purposes  made  from  Pennsylvania 
crudes  will  show  about  30yo  gravity,  with  the  other 
points  about  the  same  except  the  viscosity,  which  will  be 
lower.  Competitive  tables  showing  coni])arafive  viscos- 
ities of  oils  are  not  to  be  relied  upon  unless  the  tempera- 
tures at  which  the  tests  were  made  are  the  same. 

Heretofore  it  has  been  custom  on  I  he  part  of  oil 
salesmen  to  recommend  for  high-speed  motors,  dynamos, 
planers,  etc.,  oils  ranging  in  gravity  from  30  to  32,  flash 
380  to  -180,  viscosity  ISO  to  225;  an  oil  for  gas-engine. 
U.SC  ranging  in  gravity  from  23  to  25,  flash  3!)()  to  420, 
viscosity  200  to  350;  general  machine  work,  light  line 
shafts,  etc.,  a  23  to  26  gravity  oil,  3G0  to  3!)5  flash  and 
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150  to  295  viscosity;  steam-cylinder  stock  for  pressures 
up  to  150  lb.,  a  fiOO  .stock  with  about  6  per  cent,  tallow, 
for  over  150-lb.  pressure  a  650  stock  with  8  per  cent,  tal- 
low, and  for  superheated  steam  but  a  very  small  portion 
of  tallow  with  625  stock.  With  too  much  tallow  in  su- 
perheated steam,  steric  acid  is  formed,  which  adheres  to 
the  cylinder  walls  and  cuts  the  rings.  The  flash  of  a 
cylinder  stock  should  not  be  below  500;  the  fire  test  is 
around  650;  the  Pennsylvania  auto  oils  range  in  gravity 
from  301/2  to  31,  flash"  about  415,  viscosity  215  to  225, 
amber  color.  For  crusher  bearings  a  cylinder  stock  com- 
pounded with  a  cheap  black  oil  is  generally  used;  for 
light  spindle  work,  a  water-white  oil  of  about  34  gravity, 
340  flash,  low  viscosity  of  85  to  100.  However,  as  pre- 
viously suggested,  with  the  new  charaetertistics  being  de- 
veloped in  oils,  new  standards  are  doubtless  being  created 
and  lubricants  will  be  selected  more  on  the  basis  of  what 
they  will  do  than  on  what  they  show  as  to  gravity, 
flash,  viscosity,  etc. 

Oils  for  turbine  lubrication  must  not  emulsify  with 
water,  and  those  used  in  transformers  and  conditions 
where  electricity  is  a  consideration,  must  be  free  from 
conducting  substances.  For  these  purposes  filtered  oils 
are  required.  In  the  steam  turbine  the  oil  is  exposed  to 
such  high  speed  and,  consequently,  high  interraolecular 
friction,  that  it  will  change  in  character  after  a  certain 
period  of  use.  Further,  the  nature  of  the  lubricant  must 
be  such  that  it  will  quickly  settle  and  separate  from  the 
water  of  condensation  with  which  it  becomes  mixed  so 
that  it  can  be  used  again.  The  reason  why  developments 
along  this  line  are  so  slow  is  because  mechanical  engi- 
neers are  handicapped  in  their  lack  of  knowledge  on  oil 
matters,  and  because,  heretofore,  lubrication  has  not  in- 
volved to  any  appreciable  extent  the  chemical  character 
of  the  lubricant. 

In  a  combustion  engine  the  oil  is  not  only  constantly 
exposed  to  high  speed  and  friction,  but  also  to  high  tem- 
peratures. Both  of  these  conditions  tend  to  form  sub- 
stances rich  in  carbon  by  either  decomposition  or  poly- 
merization. The  troubles  are  that  oils  will  deposit  car- 
bon in  the  cylinders  and  start  corrosion  on  the  metal 
surfaces,  and  the  spaces  between  the  spark  plugs  become 
clogged.  When  applied  to  a  vertical  gas  engine  the  oil 
will  be  divided  into  two  parts,  one  working  into  the 
upper  part  of  the  cylinder  above  the  piston,  and  the  bal- 
ance flowing  back  into  the  oil  chamber  below  the  piston. 
The  part  which  comes  into  the  cylinder  is  subject  to  high 
temperature,  and  the  part  which  runs  back,  to  high  fric- 
tion and  some  heat.  In  both  cases  the  oil  is  greatly  taxed 
chemically.  With  an  ideal  oil,  that  part  which  comes 
into  the  upper  part  of  the  cylinder  should  burn  up  com- 
pletely without  residuum,  and  the  part  which  runs  back 
should  not  form  any  asphalt  or  gum. 

It  is  claimed  tliat  much  trouble  arises  in  getting  re- 
sults from  good  oils  on  account  of  a  lack  of  scientific 
compounding  of  one  oil  with  another.  Oftentimes,  it  is 
a  case  of  internal  friction  and  disturbance  in  the  oil  it- 
self due  to  the  combining  or  attempting  to  combine  two 
nonaffinity  oils.  The  dealer  in  attempting  to  prodvice  a 
certain  gravity  and  viscosity  by  combining  one  grade  of 
light  oil  with  a  grade  of  heavy  oil  without  the  necessary 
instruments  and  facilities  to  determine  the  physical  and 
chemical  constituents  of  each  oil,  and  without  knowing 
whether  the  two  oils  are  produced  from -the  same  crudes, 
does  not  know  what  kind  of  an  oil  he  is  getting.     True, 


this  is  bringing  the  discussion  down  to  a  line  point,  per- 
haps too  fine  to  be  of  value  in  general  machine  shop 
and  factory  work.  In  a  large  plant  and  in  the  operation 
of  high-powered  machinery  the  right  oil  is  a  big  item. 
Tlie  above  shows  how  futile  it  is  for  a  buyer  or  large 
consumer  to  depend  on  specification  purchases  for  re- 
sults. It  is  a  question  for  the  oil  producer  and  his  engi- 
neer working  in  conjunction  with  the  engineer  or  mill- 
wright of  the  plant  to  be  supplied.  Aside  from  the 
considerations  of  temperature  of  the  bearing  and  the 
viscosity  and  wearing  qualities  of  the  oil,  serious  atten- 
tion must  be  given  to  the  design  or  construction  of  the 
bearing  in  relation  to  the  duty  imposed,  the  nature  of  the 
bearing  lining,  and  the  ctt'ectiveness  of  the  lubricating 
devices  and  ways  to  keep  an  oil  film  between  the  sur- 
faces of  the  bearing  and  the  revolving  shaft. 

This  device,  adaptable  to  all  furnaces  burning  lutum- 
inous  coal,  either  alone  or  with  sawdust  or  shavings,  con- 
sists primarily  of  a  patented  furnace  door  which  is 
pierced  with  apertures  fitted  ^\'ith  shutters  and  governed 
by  an  automatic  regulator,  so  that  air  is  admitted  m  the 
required  amount.  A  furnace  equipi)ed  with  this  smoke 
consumer  is  shown  in  the  illustration. 

To  the  inner  side  of  the  door  is  attached  a  boxlike 
structure  projecting  over  the  fire.    In  this  device  there  is 


Showing  Baffle  Box  and  Steam-.Ttct   Yozzle  of 
AuBE  Smoke  Preventki; 

a  succession  of  baffle-plates  that  can  be  independently  ad- 
justed so  that  the  air  in  circulating  around  the  baffles 
reaches  a  temperature  sufficient  to  cause  a  high  rate  of 
combustion  of  the  fuel  in  the  furnace.  These  plates  can 
be  adjusted  to  conform  to  the  peculiarities  of  each  in- 
dividual furnace. 

In  connection  with  the  device,  a  steam  jet  is  used  which 
throws  a  fan-shaped  stream  of  superheated  steam  over 
the  fire  while  the  furnace  is  being  stoked.  The  jet  serves 
as  a  blanket  and  keeps  the  cold  air  from  striking  the 
boiler  plates  and  cooling  them ;  it  also  holds  the  smoke 
in  subjection  until  the  fire-door  is  closed  and  the  pre- 
venter gets  into  action.  The  steam  jets  are  controlled 
by  an  automatic  regulator  set  to  shut  off  the  steam  when 
it  is  not  needed. 

This  smoke  ])reventer,  manufactured  by  the  Aube 
Smoke  Consumer  Co.,  S])ringfield,  Mass.,  calls  for  nn 
special  skill  or  training  in  its  use;  it  is  automatic,  anil 
merely  opening  the  furnace  door  puts  the  device  in  o]i- 
eration;  every  jiart  is  easily  accessible. 
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SYNOPSIS— How  to  build,  dean  and  bank  fires.  In 
carrying  a  thick  fire  the  coal  is  dumped  in  piles  instead 
of  beuig  spread  over  the  grate.  The  volatile  matter  is 
distilled  in  amounts  which  the  furnace  can  care  for  and 
less  smoke  is  produced. 

Building  Fires 

Cover  the  grate  with  coal  to  a  depth  of  about  4  in., 
and  build  a  wood  fire  on  top,  or  throw  live  coals  from 
another  boiler  into  the  furnace  at  the  bridge-wall.  The 
green  coal  underneath  will  then  ignite  and  burn.  As 
the  coal  in  the  front  gradually  ignites,  the  volatile  mat- 
ter must  pass  over  the  fire  already  on  the  grates.  A  live, 
good  steaming  fire  can  be  built  up  in  this  way  without 
producing  dense  smoke.  Keep  the  doors  cracked  and  the 
panels  wide  open,  giving  the  fire  sufficient  air  and  allow- 
ing the  fresh  coal  to  be  ignited  from  the  top.  This  will 
keep  the  smoke  down  to  a  minimum.  Wlien  the  coal 
has  fully  ignited  and  has  been  well  coked,  fire  six  or  eight 
scoops  of  coal  on  one  side,  beginning  at  the  bridge-wall 
and  filling  up  the  low  spots  all  the  way  to  the  front.  Do 
not  spread  the  coal  but  allow  it  to  lie  in  lumps  just  as  it 
leaves  the  shovel.  Before  the  fire  gets  too  low  on  the 
other  side,  and  after  the  greater  part  of  the  volatile  mat- 
ter has  been  burned  off  from  the  last  charge,  fire  an 
equal  amount  of  coal  on  the  other  side  as  before,  always 
keeping  the  panels  wide  open  after  firing. 

When  enough  steam  has  been  generated,  use  the  jets, 
turning  them  on  before  firing  and  leaving  them  on  until 
the  bulk  of  the  volatile  matter  has  been  distilled  oft". 
Always  use  the  alternate  method.  For  smokeless  opera- 
tion, hand-fired  boilers  buniiiig  coal  exclusively  should 
not  exceed  a  capacity  of  150  hp. 

Cleaning  Fikes 

Build  up  the  fire  on  one  side  and  let  the  other  side 
burn  down.  Just  before  cleaning,  "wing"  over  the  live 
coal  from  the  burned-out  side  and  pull  out  the  clinker 
and  ash,  cleaning  the  grates  thoroughly.  Cover  the  clean 
grates  with  green  coal  and  pu.sli  over  live  coal  from  the 
other  side.  When  the  cleaned  side  has  become  thorough- 
ly ignited  and  the  volatile  matter  has  passed  off,  throw 
in  coal  to  fill  the  s])ots  not  covered  and  pull  the  clinker 
and  ash  out  of  the  other  side.  Cover  the  grates  with 
green  coal  as  before,  winging  over  live  coals  from  the  op- 
posite side.  Keep  the  panels  wide  open  and  allow  the 
fresh  coal  to  ignite  thoroughly.  Never  allow  the  fire  to 
burn  low  before  cleaning  if  carrying  a  heavy  load,  as 
there  is  a  possibility  of  losing  the  steam  pressure.  After 
cleaning,  follow  up  closely  with  the  alternate  method  of 
firing  until  the  fuel  bed  is  thick  enough  to  liold  the  jircs- 
sure. 

Carry  as  tiiick  a  fire  a.s  the  draft  will  jiormit  and  do 
jiot  spread  the  coal  over  the  grates. 
B.ANKiNo  Fires 

Throw  15  or  20  scoops  of  coal  on  each  side.  0])cn  tlie 
]ianel  doors  slightly,  close  the  ashpit  doors  and  partially 
close  the  damper.     To  break  up  the  bank,  level  the  fire, 
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with  the  panel  doors  open,  and  start  firing  by  the  usual 
method,  making  sure  the  damper  is  wide  open. 

Keep  the  fire  thick  by  the  alternate  method,  using  the 
panel  doors  and  steam  jets,  and  regulate  the  steam  pres- 
sure with  the  ashpit  doors.  This  insures  a  temperature 
in  the  furnace  high  enough  to  maintain  the  brickwork 
at  the  igniting  point  of  the  coal  and  promotes  combus- 
tion of  the  volatile  matter.  At  the  same  time,  it  keeps 
down  the  distillation  of  the  volatile  matter  to  a  low  rate, 
and  by  having  the  damper  open  and  the  panels  cracked, 
the  circulation  of  the  gases  is  not  retarded.  Do  not  try 
to  regulate  the  steam  pressure  by  the  damper  or  smoke 
will  be  produced. 

The  method  just  described  is  contrary  to  the  general 
rules  for  firing,  but  its  philosophy  is  explained  in  the 
following :  If  a  shovelful  of  coal  is  thrown  on  a  bright 
fire  by  the  spreading  method,  every  particle  of  that  coal 
is  immediately  subjected  to  the  intense  heat  of  the  fire 
and  the  volatile  matter  is  rapidly  driven  off.  If  this  is 
followed  by  more  coal,  the  result  is  a  volume  of  volatile 
matter  which  is  beyond  the  capacity  of  the  furnace  to 
handle  without  dense  smoke. 

If,  on  the  other  hand,  the  fuel  is  fired  in  a  lump 
from  the  shovel  without  spreading,  there  is  a  consider- 
able quantity  of  the  coal  which  does  not  immediately  be- 
come subjected  to  the  high  temperature.  The  coal  on 
the  outside  of  the  pile  gives  up  its  volatile  and  the  coal 
within  is  not  affected  until  the  volatile  matter  has  been 
distilled  from  the  outside  lumps.  Furthermore,  the  vola- 
tile matter  from  the  inner  portions  of  the  pile  must 
pass  outward  through  the  incandescent  outer  layer  of 
fuel  much  in  the  same  way  as  in  the  underfeed  stoker. 
In  this  way  the  production  of  smoke  can  be  retarded, 
and  the  more  coal  thrown  on  to  the  fire  at  once,  the 
less  smoke.  Two  shovelfuls  of  coal  fired  by  the  spread- 
ing method  on  a  clean,  bright  fire  will  make  more  smoke 
than  ten  shovelfuls  of  coal  fired  by  the  lump  method. 
In  practice,  it  will  be  necessary  to  determine  just  how 
much  coal  should  be  fired  at  once,  but  six  or  eight 
shovelfuls  on  a  side  with  the  draft  c^rated  according 
to  the  method  ordinarily  used  will  be  found  to  be  about 
right. 

When  a  battery  of  boilers  is  to  be  fired,  the  (ires 
should  be  fed  by  the  alternate  method,  as  before,  jjass- 
nig  from  one  boiler  to  aiuither  until  they  are  all  charged 
and  then  repeating  on  the  other  side  of  the  furnaces. 
It  should  he  determined  by  experiment,  however,  just 
how  many  furnaces  can  be  fired  consecutively  without 
producing  dense  smoke,  and  after  this  has  once  been 
made  known,  the  fireman  should  adhere  strictly  to  the 
rules  laid  down  in  this  regard. 

|Tt  is  to  be  remembered  that  Air.  Jlonnctt  is  smoke  in- 
spector of  Chicago  and  that  the  rules  in  the  above,  as 
Well  as  the  recommendations  in  the  previous  articles  of 
this  series,  apply  ]>articularly  to  conditions  in  the  re- 
gion where  they  burn  the  .soft  Illinois  coal  which  is  high 
in  volatile  matter.  Further,  being  smoke  insi)eetor,  the 
author's  i)rincipal  effort  is  miturally  toward  smoke  preven- 
tion, rather  than  ccoiumiy  or  enicicncy.  which  arc  more  or 
less  of  second   consideration. —  Kdipor.] 
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]5y  H.  K.  Low 

On  page  24  of  Power  for  July  1,  1913,  readers  were 
asked  to  consider  the  question:  "T\Tiy  Does  the  Engine 
Rock  ?"  The  responses  were  gratifying,  for  not  only  were 
they  instructive  and  helpful,  but  ample  evidence  that  en- 
gineers not  only  read  Powee  but  think  about  what  they 
read,  and  are  not  avei^se  to  imparting  information  tliat 
comes  to  them  from  their  reading  and  thinking. 

It  may  be  of  interest  to  learn  that  the  rock  has  been 
eliminated.  The  method  by  which  the  cause  of  the 
trouble  was  found  and  results  obtained  was  as  follows: 
Indicator  diagrams  from  both  sides  of  the  unit  showing 
nothing  radically  wrong  with  the  valve  setting,  some 
other  cause  had  to  be  looked  for.  The  belt  was  taken 
cff  and  all  four  eccentrics,  and  both  connecting-rods  taken 
down.  The  quarter-box  adjusting  screws  were  slacked  up, 
and  the  wheel  marked  and  tried  for  balance.  It  was 
badly  out.  Examination  showed  the  rim  of  the  wheel 
to  be  7*B  in.  thinner  on  one  side  tlian  on  the  opposite. 
Four  pieces  of  boiler  iron  were  found  secured  to  the  rim 
by  tap  bolts,  their  total  weight  being  162  lb. 

When  these  weights  were  put  on,  or  by  whom,  no  pres- 
ent employee  at  the  plant  has  any  recollection.  It  is 
supposed  that  they  were  put  on  by  the  builders  to  bal- 


from  rocking,  as  it  was  found  that  %-in.  dowels  had 
been  put  in  between  the  cylinder  feet  and  the  cylinder 
casting,  and  two  1-in.  tap  bolts  below  the  cylinder  head, 
half  in  the  cylinder  casting  and  half  in  the  rear  foot. 

The  arm  crank  was  split  off  by  drilling  a  row  of  ys-iQ- 
holes  across  its  face  along  the  center  line  of  the  shaft 
and  driving  in  four  steel  pins  tapered  %  of  an  inch  to 
1  ft.,  and  a  disk  crank  ordered,  having  a  suitable 
counterweight  to  replace  it.  The  main  shaft  and  wheel 
were  raised  and  both  bottom  shells  and  quarter  boxes 
taken  out.  and  the  shells  rebabbitted.  Jacks  were  placed 
under  the  cylinder  and  bed,  and  the  cylinder  feet  and 
dummy-stand  l)lock  removed,  leaving  the  whole  side 
resting  on  the  jacks. 

The  foundation  bolts  were  then  taken  out  and  thor- 
oughly cleaned  of  oil  and  grease,  and  the  holes  burned  out 
to  remove  as  much  oil  as  possible,  so  that  the  new  grout 
would  have  a  chance  to  unite  with  the  foundation;  chan- 
nels, or  gates  being  cut  in  the  granite  capstones  to  al- 
low grout  to  be  poured  around  the  bolts  after  they  were 
replaced  and  drawn  up  solidly. 

The  first  move  toward  putting  the  engine  together 
again  was  to  square  and  level  the  bed  with  its  mate.  The 
feet  and  the  dummy-stand  block  were  next  fitted  to  their 
positions,  and  foundation  bolts  replaced  and  drawn  up 
and   the  engine   again  proved   for   alignment.   Risers   of 


Stoppixg  ak  Exgixe  from  Rocking — Showing  Disk  Oct  of  B.\lance 


ance  the  wheel  itself.  Repeated  trials  resulted  in  the 
wheel  coming  to  rest  from  any  position  with  the  chalk 
mark  up.  and  the  weights  down.  The  weights  were  taken 
off  and  a  marked  improvement  shown. 

The  engine  was  originally  built  with  an  arm  crank  on 
both  sides,  the  crank  on  the  small  (16-in.)  side  having 
since  been  replaced  by  a  disk  crank.  It  was  noticed  that 
the  position  of  the  counterweight  in  this  crank  disk  was 
on  the  same  side  of  the  center  line  of  the  shaft  with  the 
crank  arm  on  the  larger  (20-in.)  side,  which  had  no 
counterweight  at  all;  and  when  the  difference  in  the 
weiglits  of  the  two  connecting-rods  is  considered  it  is 
seen  that  the  larger  rod  with  its  boxes,  strap,  etc.,  tended 
1o  still  further  unbalance  the  unit.  The  illustrations 
sliowing  the  relative  positions  of  the  cranks  and  eounter- 
Aveight.  and  the  positions  they  would  assume  for  one- 
lialf  revolution  should  make  this  clear. 

Tlie  foundation,  composed  of  brick  and  mortar  with 
granite  blocks  under  the  cylinder,  dummy  stand  and 
pillow  block,  had  settled  somewhat  under  the  pillow  block, 
throwing  the  greater  part  of  the  weight  on  two  points, 
viz.,  the  dummy-stancl  block  and  the  front  foot  of  the 
cylinder,  the  head  end  of  the  cylinder  not  bearing  on 
its  foot  by  0.018  in.  having  broken  the  heads  from  four 
1-in.  bolts.  It  looked  like  a  case  of  an  unbalanced  en- 
gine, and  one  out  of  alignment  from  a  settled  foundation. 
Evidently   attempts  had  been  made  to  stop   the  engine 


brick  and  sand  were  built  around  the  channels  and  thin 
grout  poured  in  and  allowed  to  dry  out.  Tlie  shaft  was 
next  let  down  into  position,  and  the  distance  from  the 
under  side  of  the  bearing  to  the  pillow-block  housing  care- 
fully measured,  thus  determining  the  amount  of  babbitt 
to  be  left  in  the  bottom  shell  wlien  bored.  Then  the 
shaft  was  bedded  in  and  the  new  disk  crank  forced  on. 

Perhaps  it  might  not  be  amiss  at  this  time  to  call  at- 
tention to  the  method  of  fitting  side  shells,  or  quarter 
boxes.  Some  engineers  are  content  to  roll  a  box  on  the 
journal  and  scrape  according  to  tlie  marks  thus  obtained, 
and  when  the  box  shows  a  good  general  bearing  to  call 
it  good  enough  and  let  it  go  at  that.  This  is  a  mistake. 
Shells  are  usually  bored  in  sets,  i.e.,  the  side  sliells  resting 
on  the  bottom-shell  casting,  the  top  shell  resting  on  both 
side  shells,  this  being  the  position  when  they  are  in  ser- 
vice. Wlien  fitting  side  shells,  instead  of  rolling  tlieni 
on  the  bearing  they  should  be  dropped  carefully  into 
place  and  moved  lengthwise  of  the  bearing  for  marks 
and  fitted  accordingly.  There  is  usually  end  play  enough 
to  admit  of  this  being  done,  and  this  comes  nearer  fitting 
a  box  in  the  position  where  it  is  to  run. 

The  crankpin  boxes  and  eccentric  straps  were  next 
looked  after,  requiring  some  scraping  to  restore  align- 
ment. Since  making  these  changes  the  engine  runs 
.smoothly,  for  one  33  years  old,  and  it  is  now  possible  to 
stand  a  nickel  on  edge  on  the  steam-chest  cover. 
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By  Fuaxk  H.  Jones 


SYNOPSIS — Conditions  of  exposure  and  occupancy  of 
the  structure  have  offered  unusual  difficulties  to  the  de- 
signers of  this  heating  plant,  and  as  the  maximum  de- 
mands are  conjectural,  considerable  latitude  of  perform- 
ance hnd  be  provided  for. 


Commonwealth  Pier  No.  5,  at  South  Boston,  Mass., 
now  under  construction  by  the  State  of  Massachusetts, 
acting  through  the  directors  of  the  port  of  Boston,  is 
the  largest  pier  in  existence.  It  is  1200  ft.  long,  400  ft. 
wide,  and  of  two-story  steel  and  concrete  construction. 
In  addition  to  a  magnificent  headhouse  containing  the 
offices  and  warerooms,  it  has  a  floor  area  of  about  900,000 
sq.ft.,  nearly  700,000  sq.ft.  being  devoted  to  the  handling 
of  freight,  which  includes  the  entire  first  floor  and  the 
outer  portions  of  the  second  floor.    The  remaining  space 


An   extension    of   the   steam   system   was   also  made   to 
piping  for  melting  the  snow  and  ice  of  the  shed  roof 

gutters. 

Air  Heating 

The  equipment  for  this  service  includes  the  following: 
Low-pressure  steam  and  condensation  mains  from  a  re- 
ducing valve  in  the  headhouse  to  the  fan  groups;  all 
connections  of  these  mains  with  the  air  heaters  for  both 
steam  supply  and  condensation  return ;  heaters  of  form, 
surface  and  capacity  adapted  to  the  special  requirements ; 
fans,  motors  with  link-belt  drive  and  all  electrical  wir- 
ing, apparatus  and  connections;  sheet-metal  construc- 
tion work  for  the  airways  and  fan  chambers  and  from 
the  fan  chambers  to  the  points  of  discharge  and  distri- 
l)ution  of  heated  air;  fan  chambers,  roof  intakes  and  all 
airway  accessories. 
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provides  for  the  passenger  service  and  rnitcd  States 
cu8t<jms  inspection. 

The  heating  and  ventilation  of  so  large  ;i  cdvered 
area,  jutting  out  into  the  harbor  and  cx])osed  on  all 
sides,  offered,  at  the  outset,  many  difficulties  to  the  de- 
signers, therefore  the  layout  as  installed  is  essentially 
an  experiment.  No  one  can  predict  witli  certainty  what 
the  demands  on  such  a  lieating  plant  will  be  when  under 
maximum  operating  conditions  at  different  seasons  of  the 
year. 

Its  peculiar  interest  lies  in  the  adoption  of  two  systems 
of  heating  supplied  from  the  same  isolated  plant  of 
four  large  boilers  run  at  low  pressure.  Steam  heating 
by  direct  radiation  is  used  in  the  headhouse  and  the 
offices  of  the  pier,  while  a  system  of  warming  the  sheds 
by  steam-heated  air  under  forced  eircuKation  by  motor- 
driven    fans   through   sheet-metal    airways   was   adopted. 


The  steam  for  this  system  is  delivered  at  the  liead- 
liouse  from  the  heating  plant  across  Northern  Ave.  at 
practicallv  boiler  pressure.  A  reducing  valve,  with  by- 
pass of  ample  cajiacity  for  passing  the  maximum  quan- 
tity of  steam  required  by  the  entire  steam  service  for  the 
pier,  is  provided  for  reducing  tlie  pressure  from  about 
50  lb.  per  sq.in  for  the  high-pressure  side  to  about  10 
lb.  per  sq.in.  on  the  low  pressure.  The  condensation 
from  all  dry-valve  house-heating  pipes  is  discharged  into 
the  underground  drainage  system,  and  all  traps  are  of 
the  expansion  type. 

'I'he  air  beaters  of  group  No.  1,  midway  of  the  second 
floor  of  the  shed,  have  a  combined  cajiacity  for  warming 
70,000  cu.ft.  of  air  per  minute  through  a  range  of  (iO 
(leg.  and  with  steam  at  2  lb.  gage  pressure  and  with  a 
velocity  of  air  flow  through  tlie  heater  of  1000  ft.  per 
min.     Each  of  the  heating  coils  of  this  group  is  divided 
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into  five  sections,  each  separate  section  being  completely 
valved  for  separate  use. 

The  heaters  of  group  No.  2,  at  the  harbor  end  of  the 
pier,  are  similar  to  those  of  group  No.  1,  except  that  they 
have  a  combined  capacity  for  warming  50,000  cu.ft.  of 
air  per  minute  through  the  same  temperature  range  and 
under  the  same  conditions  as  those  of  group  No.  1. 

Each  section  of  the  heaters  is  drained  through  a  trap 
and  air  vented  through  a  valve  connected  into  the  piping. 
The  sizes  of  the  traps  and  valves  are  pro])ortioned  solely 
by  the  surfaces  of  the  several  sections  of  the  coil. 

The  fans  are  of  the  multivane,  double-inlet  type,  of  a 
capacity  to  move  the  air  quantities  required  for  the  re- 
spective groups  against  a  pressure  of  %-in.  water  col- 
umn. The  power  input  to  the  fans  is  specified  as  not  to 
exceed  10  ft.-lb.  per  cu.ft.  of  air  moved  under  condi- 
tions of  maximum  performance.  The  fans  throughout 
are  of  metal  and  of  construction  suitable  for  marine 
service. 

Twenty-five-horsepower  variable-speed  motors,  with  a 
speed  control  from  50  to  75  and  100  per  cent,  of  full 
normal  speed,  drive  the  fans  of  each  group. 

The  sheet-metal  work  for  the  airducts  is  of  the  best 
brand  of  galvanized  iron  throughout.  U.  S.  gage  No. 
20  iron  is  used  for  all  ducts  of  and  above  1(5  sq.ft.  in 
area;  gage  22  for  all  sizes  from  16  to  4  sq.ft.,  and  gage 
24  for  smaller  airways.  All  piping  is  braced  and  stiffened 
by  small  channel  bars  or  angle-iron  reenforcing  where 
necessary. 

The  fan  housings  are  mounted  on  the  columns  and 
iron  ladders  are  dropped  to  the  floor  below  for  access  to 
the  platforms.  The  housings  are  constructed  of  22-gage 
sheet  metal  on  small  angle-iron  framework. 

Direct  radiation  with  vacuum  is  used  for  heating  the 
offices  of  the  first  floor,  and  on  the  second  floor  the  prin- 
cipal offices,  the  immigrants'  detention  rooms,  doctors' 
rooms  and  inspector's  quarters  are  also  heated  by  this 
system.  Cast-iron  radiators  are  used,  which  it  is  speci- 
fied shall  weigh  not  less  than  7  lb.  per  sq.ft. 

All  the  pipes  are  so  graded  that  the  supply  main 
slopes  downward  from  the  point  of  supply  through  the 
reducing  valve  to  the  extremity  of  the  mains,  and  the 
return  mains  slope  downward  from  their  extremities  to 
the  point  where  connection  is  made  with  the  main  return 
to  the  pump  room.  The  gradients  are  not  less  than  one 
in  500.  Hangers  and  other  supports  for  all  pipe  work 
are  constructed  ta  admit  of  close  adjustment  for  securing 
and  maintaining  the  desired  grade. 

All  piping  under  10  in.  is  made  up  with  screw  joints, 
and  at  intervals  of  150  ft.  or  less,  flange  Joints  are  so 
placed  as  to  facilitate  the  disconnection  and  replacing  of 
any  pipes  without  breaking  the  fittings.  Expansion 
joints  are  provided  by  means  of  loops,  circular  bends, 
swivel  Joints  and,  in  some  cases,  slip  joints. 

Where  water  and  sanitary  piping  are  run  in  places 
exposed  to  the  danger  of  freezing,  the  steam  pipes  or 
condensation  pipes  are  run  along  beside  them  or  wrapped 
with  them.  Wliere  such  pipes  are  run  for  the  sole  pur- 
pose of  protection,  they  are  drained  through  expansion 
traps  to  the  nearest  connection  with  the  return  main 
where  possible ;  otherwise,  to  the  sewer. 

All  return  mains  within  the  shed  are  run  above  the 
ground  back  to  the  headhouse  on  account  of  the  uncer- 
tainty of  stability  were  they  placed  underground  in  the 
new  earth  fill. 


For  the  melting  of  gutter  ice  and  snow,  pipes  are  run 
for  blowing  steam  into  the  gutters  of  the  lower  sheds. 
These  pipes  run  in  the  gutters  and  are  perforated  alon:;- 
their  bottom  lines  with  i/s-in.  holes  spaced  12  in.  on 
centers,  the  pijjes  being  suspended  3  to  5  in.  above  tbr 
bottom  of  the  gutters.  The  area  of  the  pipeways  for  this 
service  is  not  less  than  1  sq.in.  for  every  80  holes. 

The  heating  plant  is  a  55x90-ft.,  one-story  brick  struc- 
ture across  Northern  Ave.  from  the  pier.  Steam  service 
and  return  mains  are  run  on  overhead  supports  close  to 
the  viaduct  leading  to  the  second  story  of  the  jjier. 

Four  72  in.  by  21  ft.  6  in.  horizontal  return-tubular 
boilers  constitute  the  heating  battery,  and  provision  has 
been  made  for  the  addition  of  another  similar  unit 
should  the  operating  conditions  warrant.  The  settings 
are  arranged  in  a  single  battery,  with  an  air  space  be- 
tween each  pair  of  settings. 

The  boilers  were  designed  for  high  pressure  in  antici- 
pation of  a  possible  installation  of  an  electric-power 
plant,  though  it  is  expected  that  100  lb.  pressure  will 
be  suitable  for  the  maximum  service  of  the  heating  plant 
and  that  60  lb.  pressure  will  be  adequate  for  all  average 
requirements. 

J)V     ,I().Si;i'Il     IJAKKINdroX 

Much  is  lieard  of  efficiency  eugineering  in  these  days, 
and  the  term  has  come  to  be  applied  to  a  number  of  va- 
rieties of  engineering  effort.  Like  most  engineering  sub- 
jects, efficiency  work  has  be 'n  divided  and  subdivided 
until  it  is  now  necessary  to  indicate  what  kind  of  labor 
or  operation  is  included  in  the  engineer's  particular  de- 
partment. 

One  of  the  most  fertile  fields  of  the  expert  is  that 
relating  to  the  economical  use  of  coal.  Of  late  years 
there  has  been  a  nation-wide  campaign  for  smokeless 
chimneys,  resulting  in  a  rather  extended  knowledge  of 
the  basic  principles  of  economic  combustion  and  an  un- 
doubted improvement  in  the  art  of  burning  coal.  It  is 
probably  true  that  there  is  no  single  operation  in  the 
whole  system  of  human  activity  that  is  so  universally 
encountered  and  so  fundamentally  necessary  to  the  pros- 
perity of  the  race  as  the  development  of  power  by  means 
of  the  steam  boiler.  Transportation,  mining  and  manu- 
facture derive  their  first  impulse  from  the  expansive 
energy  of  steam,  yet  the  amount  of  useful  work  that 
can  be  extracted  from  the  black  and  innocent  Imnp  of 
coal  is  pitifully  small.  All  but  a  small  percentage  is 
dissijjated  in  one  form  or  another.  Energy  enough  to 
do  the  work  of  the  world  is  passing  to  waste  up  the 
stacks  of  countless  boiler  rooms. 

In  these  days  of  psychological  influence,  it  is  inter- 
esting to  analyze  the  analyzer,  or,  in  other  words,  to  ex- 
amine the  present-day  efficiency  engineer  and  see  what 
l)reed  of  man  he  is  and  what  kind  of  atmosphere  sur- 
rounds his  daily  work.  What  are  the  tools  of  his  trade 
and  what  is  the  raw  material  ujjon  which  he  tries  to 
leave  his  impress  ? 

Comlnistion  engineering  is  in  a  transition  stage,  and 
"a  little  knowledge  is  a  dangerous  thing'  'applies  with 
tremendous  force  and  underlies  most  of  the  woes  of  the 
expert.  Scarcely  a  watch  engineer  and  boiler-room  fore- 
man but  has  read  the  technical  press  and  informed  him- 
self to  some  extent  of  the  requirements  for  efficient  com- 
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bustion.  Also,  and  much  more  to  the  point,  these  same 
folks  have  formed  opinions  regarding  their  particular 
furnace,  boiler  or  stoker  which  are  most  frequently  in- 
flexible, indestructible  and  eternally  enduring.  It  takes 
a  man  who  has  fathered  a  furnace  design  and  made  it 
work  to  exemplify  the  fullness  of  parental  love. 

"What  business,"'  he  exclaims,  "has  any  man  to  come 
in  here  and  even  insinuate  that  anything  could  be  better 
than  this  child  of  my  engineering  skill !"  How  can  the 
real  expert,  with  the  experience  of  a  thousand  trials 
behind  him,  convince  this  man  that  his  design  is  not  up 
to  standard,  and  that  he  should  earnestly  cooperate  with 
the  expert  in  ])roving  that  he  is  out  of  touch  with  the 
times  ? 

And  yet,  in  principle  and  in  effect,  this  is  exactly  the 
situation  that  has  to  be  met  and  overcome.  Above  all 
things,  the  engineer  must  have  the  cordial  assistance  of 
the  operating  force  and  their  true  and  genuine  coopera- 
tion in  his  endeavor  to  work  out  the  admittedly  difficult 
problems  of  the  boiler  room. 

Arbitrary  commands  result  first  in  creating  a  natural 
feeling  of  resentment.  Besides  a  sound  and  thorough 
knowledge  of  his  business,  the  efficiency  engineer  must 
then   have  tact.     He  must  be  broad  enough   to   see  the 


good  in  the  other  fellow's  way  and  freely  admit  it,  yet 
he  must  steadily  press  home  his  own  good  arguments  in 
a  way  that  will  not  offend.  He  must  be  a  teacher,  hav- 
ing the  faculty  of  imparting  knowledge  in  an  interesting 
way.  He  has  to  be  a  keen  .judge  of  human  nature,  so  as 
to  adapt  his  manner  of  presentation  to  the  comprehension 
and  prejudices  of  his  hearer. 

First,  education,  and  then  incentive  is  necessary.  More 
than  one  promising  career  has  encountered  the  frosts 
of  adversity  because  the  fireman  took  no  interest  in  his 
duties,  and  dropjied  all  the  carefully  planned  work  as 
soon  as  the  novelty  wore  off.  It  is  all  right  for  "the 
boss"  to  work  nights,  but  the  fireman's  interest  stops 
with  the  pay  envelope.  That  is  what  he  is  working  for. 
and  the  sooner  this  is  generally  recognized,  the  better  for 
"the  boss."  As  to  the  combustion  expert,  if  one  foot 
rests  on  knowledge,  the  other  certainly  rests  on  interest. 
All  the  skill  at  his  command  is  required  to  create  this 
feeling.  All  his  art  and  all  his  judgment  find  room  for 
exercise.  He  must  secure  in  some  way  that  element  of 
personal  interest  that  is  the  mainspring  of  sustained  ac- 
tion. Efficiency  in  the  boiler  room  is  so  much  the  result 
of  skillful  firing  that  the  best-planned  plant  will  give 
poor  results  if  that  skillful  operation  is  lacking. 
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SYNOPSIS — An  analysis  showing  the  direct-current, 
three-wire  system  to  he  superior  in  most  cases  for  this 
class  of  service. 

W. 

With  the  ra])i(l  extension  of  alternating-current  oper- 
ation and  the  installation  of  single-phase  and  three-phase 
systems  where  electricity  is  purchased  from  a  central 
station,  there  is  a  tendency  to  overlook  some  of  the  en- 
gineering involved  when  the  small-plant  management 
takes  up  the  installation  of  an  isolated-plant  ecpiipment. 
The  alternating-current  system  is  sometimes  accej)tcd 
when  there  are  decided  arguments  in  favor  of  direct  cur- 
rent. Tile  direct-current  three-wire  generator  came  into 
use  some  half  dozen  years  ago,  at  about  the  time  that 
power  comjianies  began  active  work  for  industrial  nu)tor 
loads,  and  iuis  in  many  respects  not  been  given  tlie  con- 
sideration that  its  design  and  operation  deserve.  In 
what  follows  the  writer  desires  to  present  a  few  consid- 
erations that  seem  pertinent  and  deserving  of  serious 
thought  when  designing  and  laying  out  industrial-plant 
wiring  to  be  supplied  from  an  isolated  plant. 

Assume  that  the  plant  is  of  average  size,  with  a  dciiiand 
for  nuitors  ranging  from  2  to  25  hp.  and  a  lighting 
service  of  not  more  than  20  per  cent,  of  the  total  light 
and  j)ower  load.  For  such  a  system  the  wiring  and 
motor  costs  are  important  factors.  In  the  first  place, 
the  ref|uirements  of  the  National  Electric  Code  are  an 
important  altliough  often  neglected  consideration  in  favor 
of  the  direct-current  syst^^m,  as  will  be  shown.  It  is 
generally  known  that  the  National  Electric  Code  requires 
that  lighting  circuits  must  he  arranged  so  that  one  cut- 
out will  not  be  called  upon  for  mor"  than  ()(!()  watts. 
For    the    dintct-current    three-wire    circuits,    shown    dia- 


grammatically  in  Fig.  1,  voltages  of  110  and  220  are 
considered.  The  maximum  allowable  current  per  branch 
of  the  feeder  circuit  is  then 

watts  -=-  voltage  =  660  -^  110  -=  6  amperes 
and  eleven  60-watt  lamps  may  be  used  in  each  side  of 
the  circuit,  or  22  lamps  from  one  cutout. 

With  the  three-phase  circuit.  Fig.  2,  an  arrangement 
of  11  lamps  per  i)hase  violates  the  code  ruling  men- 
tioned, for  thirty-three  (iO-watt  lamps  on  one  cutout 
would  represent  1!>80  watts.  This,  then,  would  call  for 
a  wattage  per  circuit  on  a  balanced  noninductive  load  of 
I  X  K  X  l.'i'32,  or  for  a  circuit  of  33  lamps  it  represents  a 
current  of  li)80->  (110  X  1.T32)  =  10.38  amperes.  And 
each  fuse  of  each  leg  must  be  subject  to  frequent  blowing 
if  the  circuit  is  used  to  maximum  capacity  as  shown  and 
!0-ampere  fuses  are  installed.  .Also,  if  the  underwriter's 
inspection  is  rigid,  such  an  arrangcuent  may  not  be 
approved. 

If  it  is  rigidly  interpreted,  that  (i  ampeies  limits  tlie 
current  i)er  branch,  then  for  the  three-phase  circuits 
only  ()  X  no  X  1-732  =  11  )3  watts  i)er  three-phase  cir- 
cuit can  be  used,  or  a  total  of  1 113 -f- (iO  =  1!)  lamps, 
as  against  22  for  the  direct-current  three-wire  circuit. 
With  an  arrangement  of  six  lamps  per  pliase,  the  current 
per  phase  would  be  (3  X  <>  X<'0)  -^  (110  X  1.732)  = 
5.6  amperes,  and  the  installation  would  pass  insjjcction. 

There  seems  to  be  some  question  as  to  the  code  ruling 
on  this  point  of  current-limiting  feature.  However,  il 
is  plain  that  a  current  of  6  amperes,  if  used  as  the  limit 
in  a  direct-current  system,  should  likewise  be  the  limit 
for  three-phase  installations,  wliore  only  660  watts  are 
allowed  on  one  cutout.  It  is  plain  from  Fig.  1  that  this 
is  the  case  for  the  direct -current  cii'cuit,  for,  as  shown. 
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this  circuit  is  protected  br  a  three-pole  fuse  block  with 
fuses  at  A,  B  and  C,  and  when  each  iuse  has  a  normal 
capacity  of  6  amperes,  tlie  circuit  will  not  be  interrupted. 
So  long  as  an  equal  nimiber  of  lamps  remains  in  circuit 
in  each  side,  a  balanced  condition  exists,  and  no  current 
flows  through  fuse  B,  and  it  can  be  removed  without 
interruption  of  the  circuit.  Fnder  the  same  conditions, 
however,  if  the  fuse  .1  is  removed,  the  lights  on  that  side 
of  tlie  circuit  will  go  out  and  the  fuse  B  is  called  upon 
to  complete  tlie  other  side  of  the  circuit.     This  fuse  B 
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Fig.  1.  Thkee-Wire  DiRECT-CrKinoxT  C'liuuiT 
Fig.   2.    Three-Wire   Three-Phase   Circuit 

together  witli  fuse  C  comprises  a  cutout  in  the  interpre- 
tation of  the  code  serving  eleven  GO-watt  lamps  at  110 
volts,  or  660  watts. 

Consider  now  the  three-phase  circuit  of  Fig.  2,  which 
is  also  protected  by  a  three-pole  fuse  block,  and  shown 
with  six  60-watt  lamps  per  phase,  or  a  total  of  18  lamps. 
If  the  code  were  to  rule  specifically  that  660  watts  be 
allowable  between  any  pair  of  wires  in  a  system,  then 
an  arrangement  of  11  lamps  per  phase  could  not  be 
questioned.  With  an  arrangement  of  six  lamps  per  jjhase 
as  shown,  however,  there  is  a  current  per  phase  of 
(3X6X60)  -^  (110X1-^3)  =  n.6  amperes.  So 
that  if  fuse  B  was  removed  with  all  the  lamps  burning, 
a  two-wire  circuit  would  exist  with  six  lamps  burning 
at  110  volts  and  six  series  of  two  lamps  on  110  volts. 
The  six  lamps  on  110  volts  would  require  (6  X  60)  -=r- 
110  =  3.2   amperes,  and  the  six   sets  of  two   lamps   iu 
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Fig.  .3.    Relative  Costs  of  Direct-  axd  Alter- 
xatixg-currext  motors 

series  burniug  at  about  half  voltage  would  require  2.1 
amperes,  so  that  the  current  passing  fuses  A  and  0 
would  then  be  3.2  +  2.1.  or  5.3  amperes. 

Prom  this  consideration  the  usual  interpretation  of 
the  code  that  6  amperes  is  the  limiting  feature  in  anv 
circuit  is  substantiated,  and  consequently  only  18  lamps 


can  be  used  from  one  cutout  on  a  three-phase  circuit, 
while  22  lamps  can  be  used  on  a  three-wire  direct-cur- 
rent circuit  from  one  cutout. 

Again,  if  the  copper  required  for  a  two-wire  system 
is  taken  at  100  per  cent.,  that  for  the  three-wire  direct- 
current  system  would  be  37.5  per  cent,  with  all  three 
wires  the  same  size,  while  that  for  the  three-phase  sys- 
\.n\\\  would  be  75  per  cent. 

As  to  generator  cost,  the  direct-current  power-plant 
equipment  will  just  about  balance  the  cost  of  alternating- 
current  e(]uipment,  and  in  no  case  will  be  more  than  10 
or  15  per  cent,  greater  when  no  trausfonners  are  re- 
quired for  the  alternating-current  layout.  The  data 
curves  in  Fig.  3  give  the  relative  cost  of  motors  for 
direct-current,  single-  and  three-phase  systems,  showing 
tliat  for  a  plant  where  a  large  number  of  small  motors 
are  used,  say  none  larger  than  12  or  15  hp.,  the  direct- 
current  installation  compares  favorably  as  to  first  cost 
of  equipment. 


By  Gordo X   Fox 

The  function  of  the  interpole  in  direct-current  motors 
and  generators  is  to  provide  for  good  commutation,  not 
only  at  partial  load  and  full  load,  but  also  upon  over- 
loads. The  interpole  has  been  found  particularly  ef- 
fective when  applied  to  motors  driving  machines  having 
wide  load  fluctuations,  and  is  likewise  effective  when 
used  upon  generators  subject  to  frequently  changing 
loads  sach  as  are  met  in  railway  work  and  mines. 

Fluctuations  in  load  upon  machines  of  this  kind  are 
often  very  rapid.  Since  the  interpole  winding  is  of  in- 
ductive character,  these  changes  in  load  current  and 
consequent  magnetic  intensity  in  the  interpole  winding 
tend  to  set  up  self-induced  electromotive  forces  in  the 
interpole  circuit. 

Most  interpole  windings  are  designed  so  that  they  will 
be  stronger  than  necessary.  Then  they  are  shunted 
with  german-silver  resistance  wire  or  ribbon  until  the 
proper  strength  is  obtained  to  maintain  a  fixed  neutral 
at  all  loads.  Thus  there  are  two  parallel  paths  for  the 
load  current,  one  through  the  interpole  windings,  the 
other  through  the  german-silver  shunt.  One  of  these 
circuits  is  momentarily  inductive,  the  other  is  nonin- 
ductive;  hence,  when  rapid  load  changes  occur,  the  in- 
ductance of  the  interpole  winding  causes  it  to  lag  in 
responding  to  the  changes.  If  a  sudden  increase  in  load 
occurs,  the  interpole  inductance  causes  more  than  the 
proper  jiroportion  of  the  current  to  flow  momentarily 
through  the  noninductive  shunt,  making  the  interpole 
strength  momentarily  less  than  it  should  be,  and  spark« 
ing  or  flashing  is  likely  to  occur  for  an  instant.  With 
frequently  and  stiddenly  changing  loads,  the  interpole 
will  thus  fail  to  adjust  itself  quickly  to  the  changed  con- 
ditions and  sparking  will  occur  with  each  change. 

If  the  german-silver  shunt  around  the  interpole  be  also 
inductive,  as  much  or  more  so  than  the  interpole,  then 
sudden  load  changes  will  be  properly  divided,  as  though 
both  windings  were  noninductive.  It  is  hardly  necessary 
to  obtain  an  exact  inductive  relationship,  but  it  is  well 
to  wind  the  interpole  shunt  upon  an  iron  core  so  that  it 
will  have  sufficient  inductance  to  cause  the  main  inter- 
pole winding  to  assume  iust<intly  its  portion  of  cliauges 
of  load. 
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SYNOPSIS — Pounds  of  coal  burned 
uatt-hovr  generated. 


B.i.u.  per  l-ilo- 


Thore  seems  to  be  a  fairly  general  lack  of  appreciation 
in  many  power  plants  of  the  real  relation  that  exists  be- 
tween the  fuel  consumed  and  the  current  generated.  Too 
many  by  far  of  our  plants  are  content  to  figure  the  re- 
lation in  terms  of  mere  pounds  of  fuel  vs.  current  gen- 
erated, losing  sight  altogether  of  the  amount  of  actual 
heat  supplied  per  unit  of  current.  That  it  is  a  fallacy 
to  speak  of  fuel  in  terms  of  mere  weight  is  now  recog- 
nized as  a  fact  and  that  it  is  true  that  the  fuel  should 
be  considered  as  so  much  available  heat  energy  is  equally 
well  known. 

It  is  with  the  idea  of  making  plain  the  above  fallacy 
tliat  the  following  four  power  plants  are  compared,  fig- 
uring their  relative  efficiencies  in  terms  of  pounds  of 
coal  per  kilowatt-hour  and  in  terms  of  B.t.u.  per  kilo- 
watt-hour, showing  that  these  plants  should  be  rated 
in  terms  of  heat  sup])lied  per  kilowatt-hour  generated 
lather  than  in  terms  of  mere  weight  of  coal  consumed. 

These  four  plants  are  operating  on  four  decidedly  dif- 
ferent coals,  the  analyses  of  which  are  given  in  Table  1. 

TABLE    1.      ANALYSIS   OF   THE    FOUR    COALS 
Plant        Coal  Fixed  Sul- 

No.  Used  B.t.u.  Ash      Carbon.  Volatile    phur         HnO 

1  Boomer        14,070  8.4  <il.65         28.60         1.00  6.85 

2  H.  V.  slack     12.190         13.5  52.40         36.00         2.00  S.OO 

3  Illinois  9.639         13.50         41.00         32.00         4.S0         15.80 

4  Texas  7,218  7.75         32.00         28.50         0.80         34.10 

The  four  plants  are  of  about  the  same  capacity  and  an 
operating  under  almost  identical  conditions.  For  the 
sake  of  comparison,  plants  1  and  2  will  be  considered 
together  and  plants  3  and  4  in  turn  in  the  same  manner, 
showing  data  covering  the  period  January  to  June.  The 
charts  attached  show  graphically  these  same  figures. 

TABLE    2.      COMBARATIVE    DATA    FROM   PLANTS    1    AND    2 

Lb.  Coal   B.t.u.  Kw.-Hr. 


Av.  Fuel 
Month    B.t.u. 
Jan.       14,000 


2     H.  V.  slack 


Feb. 
Mar. 
Apr. 
May 


.Jan. 
Feb. 
Mar. 
Apr. 
May 
June 


14,100 
13.980 
14.160 
14.UI0 
14.080 


Kw.- 
Hr. 
Av. 

960,700 

985,960 

909,870 

1,000,060 

1.000,360 

1,000,800 


Hr. 
3.55 
3.50 
3.62 
3.52 
3.45 
3.42 


per 
Kw.- 
Hr. 

49.000 
49,350 
50,608 
50,268 
48,645 
48,134 


per 

Million 

B,t,u. 

20,40 
20.25 
19.75 
19.85 
20.51 
20.80 


14.070    991.292   3.507   49,334   20.26 


12.250 
12,400 
12,100 
12,090 
12,350 
11,950 


1,0011,060 
1,000,030 
1,001,080 
1,001.350 


4.10 
3.96 
4.00 
4.05 
3.92 
4.21 


50,225 
49.104 
48,400 
48,965 
48,412 
50,310 


19.90 
20.35 
20.62 
20.40 
20.62 
19.87 


Av. 


12,190    993.303   4.04   49,236   20,293 


Comparing  the  above  averages  it  will  be  noticed  that 
the  loads  carried  are  almost  the  same;  that  the  pounds 
of  coal  consumed  per  unit  of  current  generated  vary 
widely;  that  in  spite  of  the  variance  in  the  weight  of 
fuel  con.suined  the  actual  heat  utilized  per  unit  of  cur- 
Tent  generated  at  the  two  stations  agrees  within  srnaii 
limits. 

If  the  relative  efficiencies  of  thc.«c  two  stations  were  to 
be  judged  in  the  old  manner,  namely,  in  terms  of  weight 
of  fuel  only,  it  would  be  conclnded  that  plant  Xo.  1  is 
operating  at  considerably  higher  cfTicicncy  than  plant  No. 
«!.  eTudging  them  in  terms  of  heat  utilized  per  unit  of 
current  generated  the  conclusion  would  be  that  the  two 


plants  are  operating  at   about   the  same   degree   of  effi- 
ciency. 

As  a  matter  of  fact,  plant  No.  2  is  actually  operating 
under  more  adverse  conditions  and  so  is  to  be  rated  at 
least  even  with  plant  No.  1  if  not  actually  above  it.  Plani 
No.  2  is  handling  more  coal  and  more  ash  than  plant  No. 
!  to  generate  the  same  amount  of  electrical  energy. 
Plant  No.  2  is  splendidly  equipped  for  handling  both 
coal  and  ashes  so  that  the  cost  for  handling  is  kept  at  a 
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Lb.  OF  COAL    PER    Kw.-hr. 


\Plant  No.  I.  Af.lSOl  lb.  Coal 


Time  in  Months 


Time  in  Months 

Fi(i.   1.    (iiiAi'HicAL  Indication  of  Results  fhom 
Plants  1  and  2 

minimum,  although  still  higher  than  in  the  case  of  plani 
No.  1. 

Plants  .3  and  4  arc  (i|)erating  on  fuels  which  vary  more 
widely  than  those  utilized  in  plants  1  and  2,  and  th«' 
loads  carried  are  not  so  nearly  alike.  Plant  No.  3  has 
two  factors  to  contend  with,  both  of  which  tend  to  lower 
efficiency,  namely,  a  lower  load  and  a  poorer  coal  for  fuel. 
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compared  with  plant  Xo.  t.  In  spite  of  this  the  two 
plants  are  operating  at  about  the  same  degree  of  effi- 
ciency. 

Data  on  these  two  plants  for  the  period  January  to 
,lune  show  the  reeults  given  in  Table  3.  These  are  also 
shown  graphically  in  Fig.  2. 

In  this  case  the  difference  in  weight  of  fuel  consumed 

T.\BLE    S.      .\   COMP.-VRISON   OF   PLANTS    3    .\NU    4 

Lb.  Coal      B.t.u.   Kw.-Hr. 
Der  Der  per 

MUlion 
B.t.u. 
19.22 
19.65 
1S.90 
19.00 
19.13 
18.85 


Jan. 
Feb. 
Mar. 
Apr. 
May 
June 


9.149 
9.319 
9,983 


Kw.-Hr. 
Av. 

967.800 

980,700 

1,000.700 

999,980 

1,000.150 

1,001,350 


Hr. 
5.68 
5.45 
5.30 
5.37 
5.41 
5.33 


Kw.- 
Hr. 
51.966 
50,789 
52,910 
52,572 
52,234 
52,980 


Aw 

9,639 

991,780 

5.42 

52,242 

19.125 

Jan. 

7.110 

867,000 

7.31 

51,974 

Feb. 

7,360 

910.000 

7.25 

53,360 

18.75 

Mar. 

7,080 

889,700 

7.50 

53,100 

18.80 

7,180 

993,450 

7.35 

52,773 

18.95 

May 

7,400 

900,160 

7.28 

53,872 

18.55 

June 

7,180 

913,700 

7.32 

52,558 

19.05 

Av.  7.218  895.660         7.33         52.939         IS.SU 

per  kilowatt-hour  generated  is  about  2  lb.,  yet  when  the 
lieat  value  of  the  two  fuels  is  considered  it  is  found  that 
these  two  plants  are  running  at  nearly  the  same  effi- 
ciency. 

In  considering  each  of  these  four  plants  only  the  heat 
values  of  the  fuels  in  relation  to  the  load  carried  have 
been  taken  up.  There  are  other  factors  to  be  considered 
in  the  final  judgment  of  efficiency,  such  as  coal  and  ash 
handling,  wear  and  tear  on  equipment,  etc.  With  these 
we  are  not  now  concerned ;  they  must  work  themselves 
cut  to  the  best  advantage  in  each  case.  It  may  be  of  in- 
terest to  state  that  in  the  four  plants  mentioned  the  fuels 
were  all  mechanically  stoked.  Plants  1  and  2  had  over- 
feed grates ;  plant  3  being  underfed  and  plant  -i  being 
fitted  with  chain  grates. 

The  general  performances  of  these  plants  represent  in 
a  remarkable  degree  the  average  efficiency  of  many  of 
our  power  plants.  They  show  the  wide  errors  into  whicii 
operating  engineers  may  be  led  in  judging  the  perform- 
ance of  a  plant  without  first  knowing  all  the  conditions. 
This  is  especially  true  in  the  matter  of  the  relation  of  the 
fuel  used  vs.  the  current  generated. 

It  was  just  such  a  misapprehension  of  facts  that  led 
the  writer  to  give  the  facts  relative  to  plants  1  and  2  and 
to  supplement  these  with  figures  on  plants  3  and  4.  The 
statement  had  been  made  that  plant  N"o.  1  showed  a  much 
better  performance  than  did  plant  Xo.  2,  the  speaker  go- 
ing so  far  as  to  criticize  plant  Xo.  2  severely.  Investi- 
gation brought  out  the  facts  given  above  and  at  once 
stopped  all  criticism  of  the  Xo.  2  plant.  It  al.so  showed 
that  plant  Xo.  1  was  not  doing  as  well  as  it  had  first 
seemed. 

It  often  happens  that,  although  truth  hurts  at  times, 
it  really  does  no  end  of  good  in  power-plant  practice,  for 
:t  gives  facts  to  work  upon.  Guesswork  takes  a  back  seat 
end  stays  there. 

As  a  matter  of  fact,  the  four  plants  are  doing  about 
the  same,  although  the  weight  of  fuel  burned  per  ifini: 
of  current  generated  varies  all  the  way  from  3.5  lb.  to 
7.33  lb.  of  coal  per  kw.-hr.  generated.  The  B.t.u.  sup- 
plied vary  only  from  40,334  to  52,939  per  kw.-hr.  gen- 
erated, a  variance  not  at  all  in  proportion  to  the  differ- 
ence in  the  weight  of  fuel  burned. 


Finally,  when  speaking  of  fuel  consumed,  be  sure  to 
know  the  exact  nature  of  the  fuel  in  question ;  also  know 
the  load  carried;  for  *hese  two  factors  are  preeminently 
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Fig.  2.   Chart  of  T).\ta  from  Plants  3  axd  4 
important  in  arriving  at  a  just  measure  of  a  power  plant's 
cfficiencv. 


Sume  CharaoteristlfM   of   Water — Water  is   at   its   maximum 

density  (weiglit)  at  39.1  degrees  F.  From  this  temperature 
it  expands  by  heat  or  cold.  .-V  vessel  leveltull  of  water  at 
this  temperature  will  overflow  if  the  water  is  either  heated  or 
cooled.  AVhen  formed  into  ice  at  32  deg.  it  will  have  expanded 
one-twelfth  (Vi:)  of  its  original  bulli  (at  39.1  deg.).  The 
wciglit  of  1  cu.ft.  of  ice  at  32  deg.  and  that  of  1  cu.ft.  of  water 
at  300  deg,  will  be  nearly  the  same.  57.2  to  57.5.  Water  at 
60  deg.  weighs  62.35  lb.  per  cu.ft.  For  ordinary  oalculations, 
62J  is  sufficiently  accurate.  Water  evaporates  at  all  temper- 
atures. It  dissolves  more  substances  th.an  any  other  l<nown 
substance.  Water  has  a  greater  capacity  for  heat  than  any 
other    known    substance. 

;^: 
Oklahoma  Breaks  Coal  Kocor«l — Coal  as  mined  in  Okla- 
homa in  1913  to  the  amount  of  4,165,770  short  tons,  valued  at 
$8,542,748,  both  reeord-bi  eal^ing  totals  for  the  state,  accordin;! 
to  figures  compiled  by  E.  W.  Parker,  of  the  United  States 
Geological  Survey,  in  cooperation  with  the  Oklahoma  Geo- 
logical  Survey. 
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Prospect  of  action  by  Congress  in  the  matter  revives 
the  agitation  of  the  controversy  over  Niagara  Falls. 
Which  way  shall  they  be  conserved,  for  their  scenic 
beauty  or  for  their  power?  There  are  rabid  partisans  on 
both  sides  of  the  question.  At  the  one  extreme  are  those 
who  want  the  Falls  restored  to  their  pristine  glory,  and 
the  power  houses  and  all  evidences  of  sordid  mankind  re- 
moved, while  extremists  of  the  opposite  kind  will  not  ho 
happy  so  long  as  a  drop  of  water  is  nnutdized  for  power 
generation. 

So  compelling  are  the  arguments  on  both  sides  of  the 
question  that  it  is  difficult  for  one  not  yet  committed 
to  either  side  to  decide  just  where  he  will  stand,  and  for 
the  present  we  are  trying  to  keep  in  the  middle  and 
agree  with  everybody.  We  are  pained  at  the  thought  of 
any  impairment  of  the  beauty  and  grandeur  of  the 
cataract,  but  at  the  same  time,  as  engineers,  we  hate 
to  think  of  the  extravagant  waste  of  power  just  for  a 
spectacle.  When  the  question  of  affecting  navigation 
comes  in  there  is  no  room  for  argument.  Shipping  on 
the  Great  Lakes  is  too  important  to  I)e  subserved  even 
to  power  production. 

Nothing  is  much  more  imposing  and  impressive  than 
a  conflagration,  but  we  call  anyone  who  sets  destructive 
fires  so  as  to  see  the  flames  an  incendiary,  or  firebug — 
an  enemy  to  society.  No  properly  balanced  person 
would  advise  the  ruthless  burning  of  hundreds  of 
thousands  of  tons  of  coal  to  make  a  huge  bonfire  and 
keep  it  going  for  the  benefit  of  tourists.  Sometimes  an 
oil  tank  or  a  mine  takes  fire  accidentally  and  people 
travel  great  distances  to  see  the  blaze,  but  those  whose 
money  is  going  up  in  the  smoke  spare  no  effort  to  ex- 
tinguish the  fire. 

In  a  sense,  every  undeveloped  water-power  is  a  burn- 
ing coal  mine,  for  coal  of  the  equivalent  power  would  be 
saved  if  the  water-power  were  utilized,  and  by  just  so 
much   would  the  exhaustion   of   coal   be   postponed. 

We  think  tliat  if  we  owned  Niagara  we  would  feel  that 
we  were  paying  pretty  heavily  to  entertain  the  public  if 
we  continued  to  let  the  water  flow  over  the  edge  instead 
of  down  penstocks.  Merely  because  we  hold  no  stock 
in  the  Falls  is  no  excuse  for  our  being  so  selfish  as  not  to 
care  how  much  water  is  wasted.  As  a  .state  or  national 
property,  the  Falls  belongs  to  the  tax]iayers  and  they  are 
ail  chipping  in  their  mite  to  maintain  a  world's  attrac- 
tion, all   of  which   may  be  very  commendable. 

Again,  we  picture  our  descendants  shivering  in  the 
cruel  winter  for  want  of  coal  to  make  a  fire,  and  can 
hear  their  condmination  at  our  extravagance  which  hast- 
ened the  time  of  their  suffering.  Is  it  fair  to  gratify  our 
eyes  and  our  sctiso  of  the  beautiful  at  the  expense  of  the 
actual  comfort  of  others?  True,  it  may  seem  like  bor- 
rowing troui)]e  to  be  worrying  about  our  niany-times- 
great-grand-children,  like  the  old  maid,  who  was  crying 
because  "s'posin'  she  got  married,  an'  had  a  child  and  it 
should   die."     There  may  be  as  many   and   as   remote 


chances  that  the  dire  consequences  will  be  averted.  Heat 
made  by  electricity,  in  turn  hydraulically  generated,  may 
be  cheaper  than  coal  before  so  very  long,  or  other  ways 
found  to  keep  our  surroundings  at  temperate  tempera- 
tures. 

So  we  have  reasoned  back  to  where  we  started  and 
can  only  conclude  that  we  must  decide  whether  "the 
game  is  worth  the  candle."  Let  us  have  all  the  show 
we  can  for  the  least  money;  let  us  take  water  from  the 
Falls  until  their  beauty  would  be  hurt  more  than  the 
extra  power  would  be  worth,  and  let  us  leave  as  much 
water  as  we  can  afford  to  throw  away. 

After  all,  we  are  not  inconsistently  prodigal  so  long 
as  we  burn  up  coal  as  we  do  for  unnecessary  illumina- 
tion of  our  "White  Ways"  and  for  night  advertising 
signs. 


HsiirmaoEay  IbeSm'-eeini  JE-siaplosfer 

In  tlie  last  issue  we  referred  editorially  to  what  we 
termed  "business  grease."  This  had  reference  to  the  sort 
of  relations  between  buyer  and  seller  that  are  lubricants 
in  the  sense  of  eliminating  friction  between  the  producer 
and  the  consumer. 

The  thought  is  appropriately  extended  in  the  cartoon 
of  this  week,  entitled,  "A  Smooth  Running  Bearing," 
typifying  the  employer  and  engineer  as  the  two  boxes 
in  a  rod  end.  Correct  engine-room  management  is  the 
force  flriving  up  the  key  of  efficiency  to  take  out  the 
knocks  in  the  bearing  and  adjust  the  boxes  to  a  nice  run- 
ning fit  on  the  journal.  Finally,  the  oil  of  harmony, 
coming  liy  way  of  the  employer,  as  it  should,  completes 
the  provision  of  the  necessary conditions  for  "a  smooth 
running  bearing." 

The  more  one  studies  this  picture  the  further  th»'  apt- 
ness of  the  analogy  will  be  seen  to  extend.  In  his  man- 
agement of  the  engine  room,  the  engineer  must  not  be  too 
aggressive  nor  bring  unnecessary  pressure  to  bear  on  the 
employer,  so  that  he  will  become  hot.  for  the  engineer 
will  feel  the  effects  of  this  himself. 

A  little  thing  not  to  be  overlooked  is  the  ini])ortance  of 
shims  between  the  boxes.  ,  This  might  suggest  that  there 
should  not  i)e  too  much  intimacy  between  the  employer 
and  the  engiiu>er.  or,  at  any  rate,  that  they  should  be 
ke])t  apart  enough  not  to  interfere  with  each  other.  The 
employer  should  not  meddle  with  the  engineer  in  tli(>  bit- 
ter's conduct  of  the  engine  room;  no  more  should  the 
engineer  attempt  to  tell  the  emidoyer  bow  to  run  his 
Ijiisiness. 

When  the  bearing  is  first  assenii)l('d  the  liiixes  must 
be  scrajied  until  there  is  good  contact  with  the  journal. 
Obviously,  it  is  true  also  that  the  emjiloyer  and  the  engi- 
neer nnist  each  ho  well  fitted  to  his  place  if  things  arc 
to  continue  to  go  9ni(K)thly.  While  the  iioxes  are  new  and 
until  the  engineer  ami  the  emjiloyer  become  ac(|uaiiit('d 
and  accustomed  to  one  another,  it  is  well  to  run  a  little 
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slow,  watching  for  nccessarv  changes  of  adjustment  and 
not  putting  oa  too  much  load  until  these  two  members 
liave  worn  into  place. 

Again,  how  useless  would  be  the  bearing  without  either 
box!  The  employer  cannot  operate  his  plant  without  the 
engineer  and  the  engineer  has  no  plant  to  operate  with- 
out the  employer.  If  this  interdependence  were  not  so 
often  overlooked  or  forgotten,  there  would  be  less  discon- 
tent on  both  sides,  for  then  there  would  be  more  effort 
to  cooperate. 

In  the  natural  order  of  things  the  employer  is  on  top 
and  the  engineer  on  the  bottom,  but  they  get  equal  shares 
of  the  load,  and  they  have  their  ups  and  downs  together. 

The  boxes  must  be  of  the  right  composition  according  to 
the  service  to  be  rendered  and  the  men,  too,  must  be 
made  of  the  right  stuff  to  do  what  is  expected  of  them. 

And  so  the  comparison  might  be  extended  indjefinitely, 
but  enough  has  been  said  to  emphasize  the  need  of  the 
employer  and  the  engineer  working  together,  each  doing 
his  ])art. 


)^®  to 


Of  all  the  many  things  with  which  the  engineer  has 
to  deal,  air  is  one  of  tlie  most  common  and  one  of  the 
most  important.  For  the  successful  and  economical  com- 
bustion of  fuel,  it  must  be  supplied  in  quantities  which 
are  not  ordinarily  easy  to  determine.  In  most  plants,  tiie 
quantities  supplied  are  greatly  in  excess  of  those  prac- 
tically required. 

This  brings  up  the  iiiteresting  question:  How  many 
flues  and  stacks  are  overloaded,  condemned  as  of  inade- 
quate capacity  because  they  are  required  to  pass  such 
great  quantities  of  excess  air?  Every  pound  of  air  that 
goes  into  the  furnace  must  be  passed  by  the  flue  and 
stack.  Both  have  a  limit  to  their  capacities.  Just  as  has 
a  pipe  line  carrying  water,  air  or  any  other  medium. 
Plant  designers  are  often  accused  of  making  flues  and 
stacks  too  small  for  overload  condition.  There  may  be 
numerous  places  where  this  condition  prevails,  but  it 
seems  evident  that  in  many  plants  so  called  overloaded 
flues  and  stacks  are  overloaded  with  too  great  an  excess 
of  air  which  never  should  have  entered  the  furnace. 

UEaifos'Sffii  MoileiT'  §pecn^csita©inis 

The  outlook  is  bright  for  an  interesting  session  at 
the  public  hearing  called  for  Sept.  15  by  the  Committee 
■on  Standard  Boiler  Specifications  of  the  American  So- 
ciety of  Mechanical  Engineers.  At  the  annual  meeting 
of  tlie  American  Boiler  Manufacturers  Association,  to 
be  held  the  first  week  in  September,  the  subject  of  uni- 
form boiler  specifications  will  be  discussed,  and  it  is 
more  than  likely  that  there  will  be  developed  some  very 
definite  propositions  to  be  submitted  at  the  later  meet- 
ing, to  which  all  interested  in  the  subject  are  invited. 

The  occasion  of  the  agitation  is  the  present  deplorable 
lack  of  uniformity,  not  to  say  consistency,  between  the 
laws  and  regulations  now  in  effect  in  the  various  states 
and  cities  governing  the  construction  and  operation  of 
boilers.  There  is  no  disposition  to  rebel  against  laws 
that  make  for  greater  safety  in  the  handling  of  steam- 
plant  equipment;  quite  the  reverse,  for  it  is  to  the  in- 
terest of   aU   parties  concerned — manufactui'ers,   o^^oiers 


and  users — to  decrease  the  attendant  danger,  but  it  is 
important  to  eliminate,  so  far  as  possible,  unnecessary 
requirements  which  are  at  variance  in  different  locali- 
ties, for  they  are  embarrassing  to  the  manufacturer  and 
the  source  of  needless  expense  to  the  purchaser. 

It  was  the  expectation  tliat  the  question  would  be 
widely  discussed  at  the  spring  meeting  of  the  mechanical 
engineers  in  St.  Paul  and  Minneapolis,  but,  by  action  of 
the  council,  the  discussion  was  so  restricted  in  its  latitude 
that  little  of  value  was  brought  out.  As  a  consequence, 
this  meeting  in  New  York  was  decided  u])on  as  an  indi- 
vidual undertaking  of  the  committee,  so  that  the  views 
of  all  concerned  might  be  brought  out. 

In  the  meantime,  suggestions  and  criticisms  have  been 
asked,  to  be  submitted  in  writing  not  later  than  Aug.  15. 
The  evidences  of  interest  which  are  being  manifested 
in  all  quarters  indicate  that  the  meeting  will  be  much 
more  largely  attended  and  of  greater  significance  than 
even  the  committee  anticipated,  and  the  prospect  is  en- 
couraging for  accomplishment  of  the  big  purpose  which 
has  grown  out  of  the  committee's  original  work. 

The  meeting  will  be  held  in  the  Engineering  Societies 
Building,  29  West  39th  St.,  New  York  City,  at  10  in 
the  forenoon  of  Sept.  15.  Thereafter  the  committee  will 
present  its  report  for  discussion  at  the  annual  meeting 
of  the  society  in  December. 

Paimasimsv]B©Blleip=Siaspec^a@E5i  RiuiSes 

Pules  for  the  inspection  of  stationary  boilers  operating 
in  the  Canal  Zone  have  just  been  issued  by  an  executive 
order  of  Gov.  Goethals.  A  study  of  these  regulations 
Avould  indicate  that  the  Massachusetts  rules  had  been 
consulted,  although  more  attention  is  paid  to  the  inspec- 
tion and  to  fittings  and  less  to  the  actual  construction 
of  the  boiler  itself.  This  is  as  might  be  expected,  for  it 
is  improbable  that  any  boilers  will  be  built  in  Panama. 

Annual  internal  inspections  and  hydrostatic  tests  are 
prescribed,  preferably  six  months  apart,  and  whenever 
flues  are  removed  from  a  boiler,  those  in  charge  must 
notify  the  inspection  service,  so  that  an  internal  inspec- 
tion may  be  made.  'With  regard  to  the  care  to  be  exer- 
cised in  making  the  internal  inspection,  the  rules  say: 

The  entire  interior  of  the  boiler,  where  accessible,  must 
be  examined  for  cracks,  pitting  and  grooving.  The  edges  of 
plates,  laps,  seams  and  joints  where  cracks  and  defects  are 
likely  to  develop  and  any  defects  Avhich  an  external  examina- 
tion may  have  indicated,  must  be  given  especially  careful 
examination.  .  .  .  Boilers  having  lap-joint  longitudinal 
seams  shall  be  examined  with  care  to  detect  grooving  and 
cracks  at  the  edges  of  seams,  and  any  sheets  showing  such, 
cracks  shall  be  condemned  for  service  and  not  repaired. 

From  the  foregoing  precautions,  it  is  evident  that  the 
mechanical  department  of  the  Canal  Government,  which 
fomiulated  the  rules,  has  been  a  keen  observer  of  recent 
boiler  explosions. 

Of  equal  importance  with  the  rules  pertaining  to  in- 
spection are  those  providing  for  tlie  care  and  safe  opera- 
tion of  boilers,  the  idea  being  that  the  fireman,  by 
adopting  precautionary  measures,  can  do  as  much,  if 
not  more,  than  the  inspector  to  prevent  boiler  failures. 
In  this  connection,  the  fireman  is  warned  not  to  draw 
the  fires  in  case  of  low  water,  but  to  immediately  cover 
them  with  ashes  or  fresh  coal  and  close  the  ashpit  doors. 
We  are  glad  to  see  this  point  emphasized,  as  it  would  un- 
doubtedly be  the  first  impulse  of  many  firemen  under 
such  circumstances  to  draw  the  fires,  whereas  this  is 
likelv  to  intensifv  the  heat  and  make  matters  worse. 
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of  coal  where  one  pmiiid  was  \iseil   before.     This  would 
be  a  saving  of 

1  —  0.965  =  0.035  lb. 
or  3.5  per  cent.,  which  shows  that  the  greater  part  of 
the  saving  must  be  due  to  other  causes.     Tf  would  be 
interesting  to  learn  more  of  the  particulars. 

G.   P.   Pearce. 
Moline,  111. 


A.  Bones'  Test 

1  am  interested  in  the  comparative  boiler  test  con- 
ducted by  C.  R.  McGahey,  as  published  on  p.  31,  July  7, 
and  note  the  increased  evaporation  from  7.99  on  the  test 
without  the  steam  jets  to  8.35  with  them.  It  has  not  been 
stated  wliether  the  steam  available  for  commercial  pur- 
poses per  pound  of  coal  was  greater  when  using  the  steam 
Jets,  which  would  be  necessary  to  demonstrate  that  there 
was  a  saving  of  about  "31  lb.  of  coal  to  the  thousand 
])bunds  burned." 

It  would  be  instructive  to  know  the  number  and  diam- 
eter of  the  steam  jets,  the  length  of  time  they  were  on, 
and  whether  they  were  throttled.  This  would  be  an  ap- 
proximate guide  as  to  what  proportion  of  the  increased 
lioiler  horsepower  (14-i  against  137.35)  is  chargeable  to 
the  operation  and  if  the  final  result  will  show  any  net 
saving  in  coal. 

J.  D.  RI.voLean. 

Toronto,  Out.,  Can. 


The  conditions  were  the  same  on  running  the  boiler 
test  as  for  output.  The  steam  for  maintaining  the  jets 
was  taken  from  the  boiler  under  test,  and  there  were  four 
jets  iised,  having  a  nozzle  with  an  opening  i^g  in.  diam- 
eter. These  were  taken  from  the  flue  blowing  pipe  and 
had  but  one  control  valve.  This  was  only  slightly  open, 
and  therefore  throttled  the  supply.  My  version  of  the 
matter  is  that  the  difference  is  due  to  the  increased  draft 
conditions,  which  were  clearly  set  forth,  so  that  it  could 
be  seen  that  this  was  the  true  state.  There  could  be  no 
gain  from  the  use  of  steam  above  the  fire. 

C.  R.  McGahey. 

Baltimore,  .Md. 

Frelhesitainig  FuaiPiffiSice  A.ns' 

M.  \.  Olmstcad's  letter  on  this  sul)jcct  on  page  24, 
July  7,  surprised  me  in  the  high  saving  (15  per  cent.) 
viiich  he  believes  he  is  making.  While  this  amount  is 
well  worth  saving,  there  are,  however,  some  facts  that 
should  be  considered  before  going  to  much  expense  in 
special  equipment — i.e.,  the  principles  involved.  For 
£xam))le,  one  pound  of  Kansas  coal  has  on  an  average 
12,500  B.t.u.  and  under  running  conditions  17  pounds 
of  air  per  pound  of  coal  is  used,  so  that  the  products  of 
combustion  per  pound  of  coal  will  be  18  lb.,  a  u^ful 
iiltproximatc!  number  to  remember. 

When  the  air  is  fed  in  the  usual  way,  we  can,  wilbout 
nuich  error,  assume  it  to  be  80  deg.  Raided  to  19(1  deg. 
bv  Ihe  preheater,  the  specific  heat  of  air  at  this  tx'mper- 
ature  is  about  0.237,  therefore  the  lieat  absorbed  is 

17  ?ft.  X   110  deg.  X  0.237  =   443  B.f.u. 
Under  these  conditions,  the  one  pound  of  12,500  B.t.u. 
coal,  together  with  the  air,  supplies  12.913  B.t.u.    Thus, 
to  make  the  same  amount  of  steam  aa  before,  we  would 
rc(iuire  only 


A  description  of  this  eraser  handle  was  published  in 
the  Engineering  News,  of  June  11,  and  may  prove  of 
interest  to  readers  of  Power. 

The  handle  A  is  of  wood,  to  tiie  end  of  which  the  metal 
strips  (preferably  copper  or  brass)  B  are  fastened,  as 
shown.  The  small  bolt  through  the  ends  of  the  strips 
clamps  the  eraser  firmly  in  position. 


Hefal 
Oiak     % 


Eraser 


Handi.i-;  for  Eraski; 

Anyone  having  occasion  to  use  a  circular  eraser  fre- 
quently will  appreciate  the  relief  from  injury  to  the  fin- 
gers and  the  fact  that  the  eraser  may  be  used  after  the 
metal  disks  have  been  removed. 

John-  E.  Cahill,  Jr. 
New  York  City. 

;*; 

MsiclhSEanst  lEia^ainieeirs 

On  |)agi'  9;!0,  ,[uiic  30,  an  ardcle  by  ,lohn  Thorn  a|.)- 
peared  under  the  above  caption,  to  which  you  have  taken 
excei)tion.  I  quite  agree  with  Mr.  Thorn,  and  venture 
(o  say  that  not  many  engineers  are  machinists.  If  we 
must  be  machinists,  then  why  be  engineers,  wlicii  (he 
average  wage  of  (he  former  in  this  country  is  45  to  50c. 
jier  hour,  and  the  engineer,  with  few  exceptions,  gets  30c. 
or  even  less. 

Largo  companies  nearly  always  keep  a  miuhinist,  and, 
as  Mr.  Thorn  says,  in  the  ]ilant  so  small  as  not  to  re- 
quire the  service  of  one,  (hey  very  seldom  have  the  tools 
for  doing  that  class  of  work,  so  that  knowledge  of  the 
mnchinist  trade  woidd  be  of  little  use  to  an  engineer. 
There  are  enough  jack-of-alj-trades  in  this  country  al- 
ready.   When   an   engineer   has   thoroughly   ma.stered    t'  j 
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liiuidling  of  steam  machinery  iu  both  theory  and  prac- 
tice, along  with  a  knowledge  of  electricity,  he  has  gone 
far  enough;  anything  outside  of  this  is  butting  into  an- 
other man's  trade. 

1  aim  to  make  myself  as  efficient  as  I  can  in  the  hand- 
ling of  steam  and  electric  machinery  by  hard  study  and 
conscientious  work.  A  fair  knowledge  of  the  trades 
can  be  gained  by  reading  books  and  magazines,  but  to 
get  the  practice  iu  each  would  take  a  lifetime  of  appren- 
ticeship, and  the  victim  would  die  of  starvation  long 
before  he  had  finished. 

I  do  not  mean  that  an  engineer  should  not  be  able 
to  make  his  own  common  repairs,  for  he  certainly  should, 
but  when  it  comes  to  a  job  requiring  mechanical  skill 
and  fineness  out  of  our  regular  line  of  work,  then  we 
should  call  in  that  particular  tradesman  to  do  it. 

X.  C.  Gleasox. 

Red  Deer,  Alta.,  Canada. 

[The  two  previous  articles  agree  with  this  that  the 
■engineer  should  "be  able  to  make  his  own  common  re- 
pairs," and  "if  required  to  do  this  work  frequently  he 
will  soon  acquire  a  skill  equal  to  a  machinist's,"  and 
■'"certain  it  is  that,  in  either  case,  doing  or  supervising, 
the  more  positive  and  accurate  the  knowledge,  the  more 
satisfactory  will  be  the  results."  See  also  the  second 
paragraph,  beginning  with  the  second  sentence,  on  page 
92(j.— Editor.] 


On  page  T"-?.  July  14,  John  Tlmrn  wants  to  know 
why  the  lightning  should  come  down  the  chimney,  strike 
the  blowoff  pipe  and  injure  nothing  else.  In  my  opin- 
ion, the  chimney  and  boiler  were  large  enough  to  con- 
duct the  lightning  to  the  blowofE  pipe  without  their  be- 
ing damaged,  but  the  blowofE  pipe  was  so  much  smaller 
that  the  increased  resistance  was  great  enough  to  melt 
the  pipe. 

Willis  W.  Xelson. 

Spokane,  Wash. 


The  type  of  governor  described  by  AU'red  Butcher,  on 
page  848,  June  16,  will  give  good  regulation  if  properly 
cared  for.  The  chief  trouble  is  in  properly  lubricating 
the  eccentric  hanger-pin  bearing.  This  (and  the  link 
bearings)  is  generally  equipped  by  the  engine  makers 
with  a  hand-compression  grease  cup,  especially  unsat- 
isfactory on  engines  which  run  almost  continually.  The 
reason  is  that  it  is  practically  impossible  to  exert  the 
necessary  pressure  on  the  screw  cup  to  force  the  grease 
very  far  around  the  pin.  This  must  be  done,  of  course, 
w'hile  the  engine  is  idle.  Wlien  it  is  running,  the  pin 
merely  oscillates  and  does  not  turn  completely  over. 
The  result  is  that  the  side  of  the  pin  opposite  the  grease 
cup  gets  very  little,  if  any,  lubrication,  and  the  pin  soon 
becomes  rusty,  causing  trouble  with  the  regulation  and 
rapid  wear. 

We  have  found  a  way  out  by  the  use  of  spring-com- 
pression cups  and  a  light  grease.  These  cups  will  pro- 
duce good  results  because  the  spring  pressure,  acting  on 
the  grease  while  the  pin  is  oscillating,  will  foroe  it  around 
the  pin.  Before  we  put  spring  cups  on  it  was  necessary 
to  use  a  heavy  hammer  to  take  the  i)ins  out.  and  the  pin 


was  always  rusty.  Now,  when  a  pin  is  taken  out  after 
an  all-winter  run,  it  is  as  bright  and  in  as  good  condi- 
tion as  when  it  was  put  in.  A  little  practice  will  enable 
(he  operator  to  select  a  grease  of  the  proper  consistency 
;'nd  to  adjust  the  spring  to  the  right  tension. 

H.  G.  Gibson. 
Washington.   I).   C. 

A   Moft   FiiP®  aimd  Mo  WgifteE' 

At  0  :;5()  a.m.,  June  11,  a  boiler  failure  occurred  at 
the  plant  of  the  Crescent  Macaroni  &  Cracker  Co.,  Dav- 
enport, Iowa. 

The  night  fireman  was  preparing  to  start  up  the  plant 
for  the  morning  when  the  gage-glass  broke  on  one  of 
the  two  boilers  connected. 

He  closed  the  valves  and,  after  putting  in  a  new  glass, 
so  opened  or  set  them  that  the  glass  showed  three  gages 
of  water.  Thinking  he  had  too  much,  he  continued  to 
blow  the  boiler  down,  as  the  glass  still  showed  three 
gages  notwithstanding  that  the  safety  plug  had  melted 
and  blown  out  when  the  boiler  became  dry. 

Even  after  the  plug  blew  out,  a  hot  fire  was  main- 
tained, until  the  bottom  of  the  boiler  bagged  about  7  in. 
The  iron  stretched  until  very  thin  and  burst  apart,  leav- 
ing an  opening  about  2  in.  wide.  The  steam  then  ex- 
tinguished the  fire. 

At  the  time  the  boiler  burst  there  was  a  pressure  of 
50  lb.,  although  when  the  glass  broke  both  boilers  were 
carrying  110  lb.  They  were  return-tubular  boilers,  GO 
in.  by  18  ft.  The  boiler  setting  was  not  disturbed  in 
the  least.  One  stay  rod  was  pulled  apart  and  the  other 
was  stretched  until  it  buckled  up  among  the  flues  when 
the  boiler  was  cooled.     Both  heads  were  slightly  bulged. 

W.   M.  Bartlett. 

Davenport,  Iowa. 

§? 

Ana  nEatt©5resttflira^  C5^flBira<des° 


This  article,  on  page  GO,  July  14,  brings  to  mind 
an  accident  three  years  ago  on  a  steamship,  equipped 
with  twin-screw  engines  of  the  vertical,  triple-expan- 
sion type.  Shortly  after  leaving  port  the  valve  broke 
on  the  intermediate  cylinder.  We  took  out  the  broken 
pieces  and  ran  on  the  high-  and  low-pressure  cylinders, 
the  intermediate  cylinder  acting  as  a  receiver.  Every- 
thing went  well  for  about  two  days,  then,  about  3  a.m., 
a  slight  groaning  noise  started  in  the  high-pressure 
cylinder,  and  increased  so  fast  that  I  had  to  slow  down. 
I   examined   the   rod   and   it  was   found   perfectly   cool. 

We  had  no  lubricators  or  any  other  way  of  putting 
oil  in  the  cylinder,  so  the  only  thing  left  was  to  make 
the  best  si>eed  possible,  about  one-third,  full  speed  be- 
ing 18.5  r.p.m.  I  reported  to  my  relief,  at  6  o'clock,  how 
it  had  been  acting.  At  9  o'clock  the  engine  was  up  to 
speed  again,  but  about  9  :lo  the  groaning  noise  became 
suddenly  heavy  and  the  engineer  tried  to  locate  the 
trouble.  While  he  was  looking  up  at  the  packing  gland, 
the  cylinder  exploded,  making  three  openings  its  entire 
length,  and  knocking  the  bottom  of  the  cylinder  out, 
so  that  it  fell  down  and  rested  on  the  crosshead. 

It  also  pushed  the  rod  through  the  piston,  the  piston 
dropping  down  and  resting  on  the  cylinder  bottom.  One 
peculiar  thing  about  the  explosion  was  that,  aside  from 
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getting  dirt  in  his  eye,  the  engineer  was  not  injured. 
We  found  that  the  piston  rings  and  the  cylinder  walls 
flere  smooth  and  glossy,  therefore,  the  theory  of  grip- 
ping was  eliminated,  and  we  could  not  find  the  cause  of 
the  groaning,  and  I  have  been  unable  to  satisfactorily 
explain  it.  The  cranks  were  set  120  deg.  apart  and 
were  counterbalanced.  The  valve-gear  was  the  link  mo- 
tion. The  pressures  were  throttle,  125  lb.,  low-pressure 
receiver  40  lb.,  and  the  vacuum  was  2-5  in. 

I   would  be   pleased  to  hear  some   theories   as  to  the 
cause  of  the  groaning  and  also  the  explosion. 

M.  V.  Mayxard. 

Charleston,    S.    C. 


Frank  Eichards  criticises  on  page  i)27,  June  30,  a 
compressor  described  by  me.  Realizing  that  others  may 
be  laboring  under  the  same  difficulty,  I  would  remind 
him  that  air  is  one  of  the  lightest  of  gases,  water  being 
something  like  813io  times  its  weight.  Air  is  com- 
pressible to  a  great  deal  less  than  its  normal  volume, 
while  water,  we  know,  is  practically  noncompressible. 
This  is  the  reason  for  the  difference  in  the  amount  of 
clearance  in  the  water  ptimp  and  the  air  compressor.  In 
other  words,  the  difference  in  the  two  designs  is  due  to 
the  solidness  of  water  and  the  compressibility  of  air. 
"Tight  packing"'  wouhl  not  permit  of  a  steam  pump 
being  used  as  an  air  compressor  for  pressures  exceeding 
a  few  j30unds,  as  the  piston  would  only  compress  the  air 
in  the  cylinder,  and  its  expansion  would  again  fill  the 
cylinder,  while  water  would  be  forced  through  the  dis- 
charge valves  and  the  return  of  the  piston  would  draw 
in  another  charge. 

I  will  admit  that,  from  a  practical  standpoint,  water 
as  a  medium  for  compressing  air  has  been  tried  and 
proved  a  failure  from  the  standpoint  of  economy,  aside 
from  systems  utilizing  its  gravity,  but  in  case  of  a  small 
amount  being  in  demand  with  no  other  means  available, 
the  combination  described  works  quite  satisfactorily.  It 
is  a  regrettable  fact  that  a  great  number  of  us  arc  so 
little  versed  on  the  handling  of  air  as  com])ared  with  the 
other  elements. 

FhaNK     W.     ^t"D^^()^. 

Klamath    Falls,    Ore. 
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John  .1.  Oelrieh  tohl  of  an  explosion  in  air  pipes  on 
page  72,  .July  II.  This  seems  to  have  been  a  lypii  al 
occurrence,  and  although  the  account  is  short,  all  the 
essential  ])artieulars  may  bo  gathered  from  it  if  we  read 
hetwecn  the  lines. 

It  seems  singular  that  the  pi|ies  eoiild  have  iicen  so 
badly  kiiiK'kc^d  to  jiieees  and  yet  not  damage  the  cylinder. 
The  i)i]ies  should  be  just  as  strong  in  ])roi)ortion  to  their 
size  as  the  cylinder.  The  conclusion  must  be  that  there 
was  no  explosion  in  the  cylinder.  It  has  frequently  ha|i- 
pened  with  single-stage  compressors  that  oily  deposits  in 
the  cylinder  or  pipe  take  fire,  and  the  flame  i.s  carried 
along  into  the  receiver  and  pipes  beyond,  with  no  serious 
results  i)evond  the  excessive  heat.     After  the  comjjressor 


has  been  stopped   and  cooled   olf,  operations  may  bo  re- 
sumed. 

Sometimes,  however,  as  apparently  in  this  case,  the 
combustion  is  so  rapid  as  to  amount  to  an  explosion.  It 
is  fortunate  that  the  proportions  of  oily  vapor  and  of  air 
to  form  an  explosive  mixture  are  narrowly  limited ;  other- 
wise, these  explosions  would  be  more  frequent.  In  gaso- 
line-engine practice,  the  proportions  are  confined  to  nar- 
row limit.s,  but  outside  these  limits  either  way,  the  mix- 
ture is  nonexplosive. 

Oil  can  be  limited  in  com])ressed  air  systems  so  that 
neither  ignition  nor  explosions  will  occur.  Such  occur- 
rences do  not  come  by  chance  but  by  invitation,  or  at 
least  by  permission. 

A  fusible  plug  will  often  give  timely  warning  of  a  pos- 
sible ignition,  or  if  that  should  occur,  to  prevent  the  more 
disastrous  explosion  which  might  follow.  When  so  warned, 
it  is  always  best  to  instantly  stop  the  compressor  and  the 
flow  of  the  air. 

Frank  Eichards. 

Xew  York  Citv. 


sioira  Fl^imft 

Mr.  Anderson's  criticism  in  the  July  7  issue  of  my 
article  in  the  June  2  issue,  was  appreciated.  The  criti- 
cism relating  to  the  density  of  the  brine  should,  as  Mr. 
Anderson  pointed  out,  have  read  "70  to  90  deg."  on  the 
salometer,  instead  of  "70  to  90  Beaume." 

Mr.  Anderson  does  not  quite  understand  me  wiu'u  I 
say:  "All  double-acting  machines  have  equalizers;  see 
that  they  are  ojien  when  starting."  If  he  will  consider 
the  machine  he  mentions,  he  will  recollect  that  the  equal- 
izing cocks  on  every  one  of  these  machines,  single-  or 
double-acting,  are  on  the  ammonia  cylinders,  and  one 
will  have  a  hard  time  to  start  such  a  machine  if  they 
are  not  opened  first.  It  is  important  to  close  them  when 
the  machine  is  running,  for,  if  neglected,  it  will  not  do 
the  required  work.  These  equalizing  cocks  are  also  useful 
when  the  compressors  are  pumped  out,  as  they  serve  to 
let  oil  mixed  with  ammonia  out  of  the  compressor. 

I  further  snid:  "The  water  over  the  condenser  should 
not  be  turned  on  until  the  pressure  gages  indicate  tin- 
pressure  usually  carried.  Sometimes  I  have  run  a  dry- 
gas  machine  in  cold  weather  for  over  half  an  hour  before 
the  gages  indicated  the  pressure  we  usually  carried."  T 
(■(uuid  that  I  had  the  system  in  good  working  condition 
nmeh  sooner  by  turning  the  water  over  the  condenser 
iifler  the  ammonia  was  turned  on. 

Our  condenser  has  been  in  use  for  the  last  eighteen 
vi'ars,  and  is  still  in  good  eoiulition.  It  is  very  true 
lliat  the  direct-expansion  system  eliminates  brine  ])umps, 
tanks,  etc.,  but  though  more  expensive,  the  brine  system 
for  a  small  plant  is  more  eeoiunnical  and  practical  than 
the  direct  system.  The  lirine  system  is  used  in  many 
small  plants  having  onlv  one  engineer;  the  engine  is 
run  during  the  day  and  shut  down  during  the  night  while 
the  brine  imm])  is  kept  running,  the  refrigerating  ea- 
l^acity  cd'  the  eold  brine  being  enough  for  the  niirht. 

W.    \j.     IVKIL. 
riiiladeliibia,    I'enn. 
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Last  Lessox"s  Answers 

91.  Tile  area  of  the  piston  equals 

O.T8o4  X   9-  =  fi3.()2  xq.in., 
ami  the  total  pressure  on  the  piston  is  equal  to 
63.62  X  35  =  2227  lb. 
The  length  of  tlie  stroke  is  12  in.,  or  1  ft.,  and,  since 
the  engine   is   double  acting    (that  is,   the  engine  take.'? 
steam  on  both  sides  of  the  piston),  the  piston  will  travel 
2  X  1  or  2  ft.  in  one  revolution  of  the  engine ;  and  the 
work  done  will  equal 

2227  X  2  =  4454  ft.-Ib. 
Note — In  an  actual  engine  test,  the  mean  effective 
steam  pressure  will  generally'  be  different  for  the  head 
and  the  crank  ends  of  the  cylinder.  On  tlie  crank  end 
a  correction  must  be  made  for  the  area  of  the  piston 
rod,  which  will  reduce  the  effective  area  of  the  piston. 

92.  The  work  done  in  one  revolution  was  found  to 
be  4454  ft.-lb.,  and  hence  the  work  done  in  250  revolu- 
tions will  equal 

250  X  4454  =  l,li;3,5()()  ft.-Ib. 

Since  this  work  was  done   in    1   niiu.,  the  horsepower 

will  be 

,  1,113,500       .,„  ,  , 

hp.  =  — -, =  3.5. (  + 

^  33,000 

93.  The  prony  bral-e  is  a  device  for  absorbing  the 
power  delivered  by  an  engine,  and  consists  of  a  series 
of  wooden  blocks  fastened  to  a  metal  strap  which  passes 
around  tlie  rim  of  the  wheel  on  which  the  brake  is  placed. 
By  drawing  together  the  ends  of  the  strap,  pressure 
may  he  put  on  the  blocks,  the  value  of  which  is  deter- 
mined by  resting  the  end  of  the  brake  arm  on  platfonn 
scales.  In  figuring  the  horsepower  developed,  it  is  es- 
sential that  the  net  load  on  the  brake  be  used.  This  net 
load  is  found  Ijy  stibtracting  the  weight  of  the  brake  arm 
from  the  total  load  on  the  platform  scales.  For  the  sal-  e 
of  clearness  in  finding  the  brake  horsepower,  assume  tl'.e 
wheel  as  stationary  and  consider  the  weight  of  120  ib. 
as  rotating.  The  distance  that  the  weight  would  travel 
in  one  revolution  of  the  engine  would  equal  the  circum- 
ference of  a  circle  whose  radius  is  equal  to  the  length 
of  the  brake  arm.  Hence  tlie  work  done  in  one  revolu- 
tion will  equal  (2  X  3.1416  X  5  or)  31.416  ft.  times 
the  net  weight  of  120  lb, 

31.416    X    120   =  3770   ft.-lb.  per  revolution. 
(Note — The  circumference    of  a    circle    equals  2    X 
3.1416  X  the  radius.) 

The  work  done  per  minttte  will  be 

3770  X   250  =  942,500  ft.-lb. 
and  the  developed  horsepower  will  be 
942,500 

^3;ooo"  =  ''^-^^  ^'P- 

94.  The  outpttt  is  the  brake  horsepower  or  28.6,  and 
the  input  is  the  indicated  horsepower ;  that  is,  the  power 
developed  in  the  engine  cylinder.     (Note — The  tenn  in- 


dicated horsepower  is  used  because  the  average  steam 
pressure  is  found  from  a  diagram  taken  with  .in  indi- 
cator.) 


efficiencji  = 


oiitpuf  _  28.6 
~  33^7 


=  84. 8 -|-  j9<?r  cent. 


input 

95.  The  pressure  between  the  blocks  and  the  face  of 
the  pulley  causes  friction  to  be  generated  wliich  is  dissi- 
pated ill  the  form  of  heat.     To  keep  the  pulley  cool  it 

Y 


Fig.  67 

is  necessary  to  provide  means  of  conducting  away  the 
heat  generated.  This  is  usually  done  by  circulating 
water  on  tlie  inside  of  a  flanged  pulley. 

The  brake  or  developed  horsepower  can  never  be 
greater  than  the  power  developed  in  the  cylinder  because 
friction  will  always  be  present  in  various  parts  of  the 
engine. 

Graphical  Representation  of  Work 

'\A'ork  has  been  defined  as  the  product  of  a  force  times 
a  distance.  The  area  of  any  plane  figure  is  the  product 
of  the  base  times  the  average  height  of  the  figure,  and, 
as  work  involves  but  two  terms,  it  may  be  represented 
graphically  by  the  area  of  a  figure  whose  base  is  pro- 
portional to  the  distance,  and  whose  altitude  is  equal 
to  the  force.  Thus,  in  a  direct-acting  steam  pump,  if 
the  presstire  on  one  side  of  the  piston  is  85  lb.  per  sq.in., 
and  on  the  other  side  is  15  lb.,  then  the  average  pressure 
will  equal  70  lb.  per  sq.in.  In  Fig.  67  let  the  distance 
BD  represent  the  stroke  of  the  pump  (assumed  as  6  in.) 
and  AB  eqtial  the  unbalanced  steam  pressure.  Then 
the  area  ACDBA  will  represent  the  work  done  by  the 
steam  on  1  sq.in.  of  the  piston. 

The  area 
ACDBA  =  .45  X  575  =  70  X  6  =  ^20  m.-lb.  =  35 
ft.-lh. 

If  the  area  of  the  piston  is  20  sq.in.,  the  total  work 
done  per  stroke  of  the  pump  is 

20  X  35  =  700  ft.-lh. 

In  like  manner  the  area  ABCDA  of  Fig.  6S  repre- 
sents the  work  done  on  1  sq.in.  of  the  piston  of  the 
steam  engine  jirovided  the  distance  EF  represents  the 
stroke  of  the  engine  and  the  average  height  of  the  figure 
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is  proportional  to  the  mean  effective  steam  pressure 
in  the  engine  cylinder.  The  average  height  of  such  a 
tigure  as  sho\ra  may  be  found  by  dividing  the  diagram 
into  10  or  more  parts  and  finding  the  average  heiglit  of 
each  separate  part,  or  it  may  be  found  more  readily  by 
the  aid  of  an  instrument  called  the  ])lanimeter. 

As  a  general  rule,  the  mean  effective  steam  pressure 
will  be  found  from  the  indicator  diagram  (Fig.  68)  and 
the  indicated  horsepower  of  the  engine  may  be  found 
from  the  equation, 

I.  hp.  =  -K-o  .s,^  (54^ 


33,000 


where 


Pe  =  the  mean  effective  steam  pressure  in  pounds 

per  square  inch, 
L    =  the  length  of  tiie  stroke  in  feet, 
.4    =  the  area  of  tlie  piston  in  square  inches,  and 
X    =  the  number  of  working  strokes  per  minute. 

In  like  manner,   the  developed  or   brake  horsepower   is 

expressed  by  the  equation 

,  ,  -2z  LXW  .... 

'■''1'-  =  U3;ooo-  ^''^ 

where 

L  =  the  length  of  the  brake  arm  in  feet, 
N  =  the   number  of   revolutions   per   minute, 
W  =  the  net  load  on  the  brake  in  pounds,  and 
jT  =   3.1416. 

En'ergy 

Energy  is  the  capacity  of  a  body  for  doing  work.  Any 
moving  body  possesses  a  certain  amount  of  energy  which 
may  be  transformed  into  useful  work  as  the  body  is 
brought  to  rest.  Thus  a  stream  of  water  issuing  against 
the  bucket  of  a  water  wheel  has  its  energy  converted  into 
useful  work  by  overcoming  the  resistance  offered  by  the 
bucket.  The  sources  of  energy  are  almost  unlimited ; 
thus  there  is  energy  stored  in  coal  and  in  all  forms  of 
liquid  fuels ;  energy  is  stored  in  a  coiled  spring ;  the  steam 
in  a  boiler  possesses  energy,  and  the  human  being  has 
various  forms  of  muscular  energy. 

Energy  may  be  divided  into  two  general  classes, 


(1)  Potential,  or  energy  of  position,   and 

(2)  Kinelic,  or  energy  of  motion. 

The  water  in  a  reservoir  has  potential  energy  due  to 
its  location  above  a  certain  level.  Energy  was  required 
to  place  the  water  at  this  level.  The  amount  of  po- 
tential energy  in  a  body  depends  upon  its  weight  and 


the  distance  of  the  body  above  a  given  reference  line  or 
plane.  Thus,  if  an  object  weighing  W  pounds  be  lo- 
cated at  a  distance  of  H  feet  above  a  given  datum  plane, 
then  the  potential  energy  of  the  body  will  be  expressed 
by  the  equation, 

K  =  IF  X  TI  (56) 

The  unit  of  energy  is  the  same  as  that  used  for  work, 
namely,  the  foot-pound. 

An  object  possesses  kinetic  energy  by  virtue  of  its  ve- 
locity. A  bullet  shot  from  a  rifle  is  brought  to  rest  by 
meeting  with  a  body  which  offers  a  resistance  to  the 
motion  of  the  bullet.  The  work  done  by  the  bullet  is 
equal  to  the  product  of  the  resistance  overcome  and  the 
distance  the  bullet  penetrated  the  object,  and  if  fric- 
tional  losses  be  neglected  the  work  done  by  the  bidlet 
must  equal   the  kinetic  energy  of  the  bullet. 

In  equation  (49)  it  was  shown  that  the  force  required 
to  give   a   definite   acceleration   to   a   body   weighing    W 

W 
pounds  was  equal  to  —    X   a,  and  from  equation   (33) 

9 


the  acc-eleration  was  found  to  be 


therefore,  since 


and 


it  follows  that 


F  ^  -  X  « 


Yi 


"28 
g       2  ^S' 


FX  S  = 


(57) 


But  F  yc^  8  is.  the  product  of  a  force  times  a  distance, 
and  hence  represents  the  work  done  in  bringing  the  liody 


to  rest.     The  term 


W  V~ 


represents  the  energy  stored  in 


the  body  due  to  its  velocity  and  is  therefore  the  kinetic 

energy  of  the  body. 

Let 

K  e  ^  the  kinetic  energy  in  foot-pounds, 

V    =  the  velocity  of  the  body  in  feet  per  second, 

W  =  the  weight  of  the  body  in  pounds,  then 

W  V^ 
Ke  =  -^j-  (58) 

Sti'dy  Qukstions 

96.  A  pump  delivers  1000  gal.  of  water  per  minute 
against  a  pressure  of  120  lb.  per  sq.in.  Find  the  horse- 
power required. 

97.  If  the  efficiency  between  the  steam  and  water 
ends  of  the  pump  is  TO  |)er  cent.,  find  the  power  required 
in  the  steam  cylinder. 

98.  Find  the  horsepower  of  an  engine  that  raises  20 
tons  of  coal  per  hour  from  a  barge  to  a  coal  bunker 
located  150  ft.  above  the  barge,  assuming  the  efliciency 
between  the  engine  and  Ihe  load  as  75  per  cent. 

99.  A  weight  of  1000  lb.  is  used  for  crushing  old  cast- 
ings. If  the  weight  be  raised  to  a  distance  of  95  ft. 
above  the  casting,  find  tlie  potential  energy  of  the  weight. 

100.  Find  the  kinetic  energy  of  the  weight  the  in- 
stant it  touches  the  casting,  assuming  that  the  weiglit 
was  allowed  to  fall  freely- 
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By  H.  F.  FULLAGAR 


Balancing  internal-combustion  engines  is  in  general  more 
difficult  than  with  steam  engines.  The  single-acting  cylinder 
and  trunk  piston  generally  necessitate  wider  crank  angles 
than  with  steam,  and  it  a  larger  number  of  cylinders  are  em- 
ployed, vibration  arises  owing  to  the  increased  length  and 
flexibility  of  the  crank  case  or  framing.  A  further  difficulty 
is  from  the  sudden  and  violent  increase  of  pressure  when  the 
charge   is   fired    by   a   spark,   or,    when   fired    by    high   compres- 


FlG. 


1.   Opposed  Cylinders  with  Peufect  Balaxce  of 
Mass 


sior.  the  compression  stroke  produces  a  severe  reversal  of 
torque  in  the  crankshaft  and  reversal  of  side-thrust  between 
the  piston   or  crosshead  and  its  guide. 

BALANCE   OF   MASS 

Balance  of  the  rotating  members,  the  crankshaft  and  cam- 
shaft presents,  of  course,  no  theoretical  difficulty,  provided 
the  crank  case  is  sufficiently  rigid  to  resist  the  reactions 
set  up. 

The  inertia  forces  of  the  reciprocating  parts  are  of 
two  kinds;  primary  forces,  such  as  would  result  if  the  con- 
necting-rod were  of  infinite  length;  and  secondary  forces, 
due  to  the  additional  motion  from  the  finite  length  of  the 
connecting-rod.  This  secondary  motion  is  almost  simple 
harmonic  in  character,  but  it  has  double  the  frequency.  Per- 
fect balance  of  both  the  primary  and  secondary  forces  can, 
together,  be  secured  only  by  placing  the  connecting-rods  on 
opposite  sides  of  the  crankshaft,  as  in  Fig.  1.  If.  as  usual, 
the  crankshaft  revolves,  the  connecting-rods  must  be  at- 
tached to  opposite  cranks,  but,  if  the  cylinders  revolve  both 
connecting-rods  can  be  attached  to  a  single  crank.  These 
constructions,    however,    have   but    limited   application. 

The  ordinary  motor-car  engine  with  four  cylinders  oper- 
ating upon  the  four-stroke  cycle  has  its  cranks  in  one  plane, 
180  deg.  apart,  in  order  to  give  reasonable  uniformity  of  im- 
pulse. In  this  case  the  secondary  forces  are  wholly  unbal- 
anced. When  the  plane  of  the  cranks  is  horizontal;  the  connect- 
ing-rod has  moved  the  piston  to  below  midstroke  by  the 
amount  a,  Fig.  2,  which,  if  the  length  of  the  connecting-rod  be 
four  times  the  crank  radius,  amounts  to  one-sixteenth  of  the 
stroke.  As  this  displacement  occurs  twice  per  revolution 
and  affects  all  four  pistons,  the  secondary  forces  set  up  are 
equivalent  to  the  inertia  of  a  single  piston  moving  the  whole 
stroke,  but  acting  with  double  the  frequency.  With  a  con- 
necting-rod the  length  of  five  cranks,  the  secondary  inertia 
force  is  four-fifths  of  this  amount.  When  two  such  sets  of 
four  cylinders  are  placed  together  in  the  V-type  engine,  the 
secondary  forces  of  each  set  are  unbalanced,  and  their  re- 
sultant is  40  per  cent,  greater  than  either  and  acts  in  a 
horizontal    plane. 

The  secondary  forces  of  the  four-cylinder  engine.  Fig.  2, 
result  from  the  fact  that  the  common  center  of  gravity  of 
the  four  pistons,  instead  of  being  stationary,  as  would  be 
the  case  if  the  connecting-rods  were  infinitely  long,  has  a 
small  harmonic  motion  of  double  frequency.  It  can,  there- 
fore, be  balanced  by  reciprocating  or  rotating  balance- 
weights,  driven  at  twice  the  frequency  of  the  main  piston. 
One  method  is  to  gear  a  pair  of  wheels  carrying  balance- 
weights  to  the  main  crankshaft,  which  drives  them  at  double 
its  speed.  As  the  wheels  rotate  in  opposite  directions,  the 
components  of  the  centrifugal  forces  of  the  weights  al- 
ways balance  themselves  in  the  plane  through  the  axis 
of  th»  wheels,  but  have  a  vertical  component  which  balances 
the  secondary  inertia  forces.  This  method,  however,  in- 
volves calling  into  play  two  otherwise  useless  forces,  with 
some   addition   to   the   weight   and   number   of   parts. 

With  four   cylinders  operating  upon   the   two-stroke  cycle, 


tlie  cranks  can  be  placed  at  right  angles  instead  of  at  ISO 
deg..  and  it  is  then  possible  to  secure  complete  balance  of 
both  primary  and  secondary  forces,  with  the  exception  of  a 
couple  produced  by  the  secondary  forces  in  the  plane  of  the 
cylinders  and  crankshaft,  which  tends  to  rock  the  engine 
in  a  fore-and-aft  direction.  This  couple  can  usually  be 
neglected  in  practical  application.  Engines  with  five  and 
six  cylinders  in  line,  with  either  cycle,  can  be  perfectly  bal- 
anced as  to  the  primary,  and  almost  perfectly  as  to  the  sec- 
ondary  inertia   forces. 

To  sum  up,  therefore,  the  only  engine  constructions  in 
common  use  in  which  balance  of  mass  is  completely,  or 
almost  completely,  secured  by  the  neutralization  cf  the  pri- 
mary and  secondary  inertia  forces,  are  the  engine  with  ro- 
tating cylinders,  the  engine  with  five  or  six  cylinders  in 
line,  and  the  four-cylinder,  two-stroke-cycle  engine  with 
cranks  at  right  angles.  All  these  engines  will  be  without 
vibration  when  driven  by  an  external  source,  provided  the 
crank  case  or  framing  is  itself  perfectly  rigid.  In  practice, 
it  is  not  always  possible,  if  the  engine  is  long,  to  obtain  suffi- 
cient rigidity.  With  the  light  motor-car  type,  even  if  the 
crank  case  be  sufficiently  rigid,  it  is  difficult  when  the  crank- 
shaft is  long  to  make  it  so  stiff  that  the  engine  will  not 
tend  to  vibrate  relative  to  its  fiywheel,  whose  mass-center 
remains  almost  stationary. 

BALANCE   OF   IMPULSE 

Balance  of  mass  is  insufficient  in  itself  to  produce  a 
vibrationless  engine,  because  it  takes  no  account  of  the 
violently  fluctuating  pressures  in  the  cylinders,  and  the  con- 
sequent strains  in  the  crankshaft  and  engine  framing.  To 
secure  freedom  from  vibration,  it  is  necessary  so  to  arrange 
the  cylinders  in  relation  to  the  crankshaft  that  strains  in 
the  frame  are  either  eliminated  or  so  balance  each  other  as 
to  have  no  tendency  to  shift  the  center  of  gravity  of  the 
engine   relative   to  its    crankshaft  and    point   of  support. 

If  the  cylinders.  Fig.  1,  are  arranged  in  line  and  fire 
simultaneously  with  exactly  equal  charges,  there  will  be  no 
tendency  for  the  engine  to  move  except,  of  course,  to  rotate 
around  the  crankshaft.  The  Junkers  engine  obtains  this 
equality  of  impulse,  but  is  unbalanced  as  to  the  secondary 
mass  forces.  The  three  cranks  of  each  cylinder  receive  si- 
multaneous impulses  once  only  per  revolution.  The  cranli- 
shaft  of  the  two-cylinder  engine,  therefore,  receives  virtu- 
ally one  impulse  for  every  half-revolution.  It  will  be 
seen,  moreover,  that  in  this,  as  in  all  single-acting  engines, 
the   pressures  on  the   pistons  during   the  compression  and  ex- 


FlG.   2. 


Ordinary  Four-Cylinder  Engine;  Secondary 

Forces  Unbalanced 


•From  a  paper   presented   at   the  July  meeting   of   the   In- 
stitution  of   Mechanical  Engineers  in  Paris. 


plosion  strokes  twist  the  ei-ankshaft  first  backward  and  then 
forward,  producing  a  sevei'e  condition  of  stress,  while  the 
reaction  of  the  crossheads  on  their  guides  also  alternate  in 
sign    with    each    stroke. 

If,  however,  a  second  pair  of  cylinders,  each  with  a  pair 
of  pistons,  be  arranged  tandem  on  the  top  of  the  first 
two  each  tandem  line  is  then  double-acting  and  the  cranks 
of  the  two  sets  can  consequently  be  placed  at  right  angles, 
when  balance  of  impulse  will  be  obtained  with  primary  and 
secondary  mass  balance,  except  only  as  regards  the  rocking 
secondary  couple  in  the  principal  plane  of  the  engine.  The 
torque  transmitted  to  the  crankshaft  and  the  reactions  of 
the  crossheads   on   their   guides   will   then   also   be   in   one   di- 
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rection  only.  This  arrangement,  however,  involves  great 
height  and  a  large  number  of  parts,  together  with  an  ex- 
pensive form  of  cranltshaft,  and  the  same  results  are  ob- 
tained more  simply,  and  without  these  objections  in  the 
author's   arrangement.   Fig.    3. 

In  this,  two  open-ended  cylinders,  ea«h  with  a  pair  of 
opposed  pistons,  are  placed  closely  together  side  by  side,  and 
the  upper  piston  of  one  cylinder  is  connected  to  the  lower 
piston  of  the  othei'  by  a  pair  of  extei-nal  oblique  tie-rods, 
as  shown,  the  piston  A  to  the  piston  D,  and  the  piston  C  to 
the  piston  B.  An  explosion  between  A  and  B  drives  B  down 
and  A  up,  drawing  up  D  by  the  oblique  rods  and  giving  two 
equal    and    opposite    imp'-l'ies    to    the    two    cranks.      In    sepa- 
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Fig.  3  Fig.  4 

Fig.  3.    Showing  Complete  Pkimart  Balance.    Fig. 

4.     FULLAGAR  EXOIXE  WITH  pKIlfAItT  AND  SECOND- 
ARY B.vLAxcE  or  Mass,  and  Balance  op  Iir- 
I'ULSE  IF  Made  avith  Font  Cylindeu.s 

rating,  the  pistons  A  and  B  draw  together  the  pistons  C  and 
1>,  compressing  the  charge  between  them.  The  engine 
operates  upon  the  two-stroke  cycle,  the  pistons  at  the  ends 
of  their  stroke  uncovering  the  inlet  and  exhaust  ports,  as  in 
the  original  Oechelhiiuser  arrangement. 

The  complete  engine  hiis  two  such  pairs  of  cylinders  and 
a  second  pair  of  cranks  at  right  angles  to  the  first.  The 
explosions  In  the  four  cylinders,  acting  upon  the  eight  pis- 
tons, profluce  eight  Impulses  per  revolution  which  are  trans- 
mitted to  the  crankshaft  In  equal  pairs..  The  vertical  forces 
at  all  timis  balance  each  other,  and,  as  in  tht  .Funkers  en- 
gine, are   not  transmitted  through   the   engine   frame. 

On  referring  to  Klg.  4,  It  will  be  seen  that  th(e  plstqns 
of  each  pair  are  rigidly  joined  together  and  form  one  moving 
part  The  center  of  gravity  of  the  pistons  A  aorl  D  (Fig.  3) 
Is  at  a  point  q,  and  travels  up  and  down  on  the  line  pq,  whllu 


the  center  of  gravity  of  the  other  pair  of  connected  pistons  C 
and  B  is  at  the  point  p  and  travels  up  and  down  the  same 
line.      Thus   the    primary    forces    are   perfectly    balanced. 

Secondary  forces  result  from  the  fact  that  the  common 
center  of  gravity  of  all  four  pistons  and  their  connecting- 
rods  oscillates  on  the  line  pq.  This  force  is,  however,  bal- 
anced by  the  corresponding  force  in  the  other  pair  of  cyl- 
inders which  oscillate  in  the  opposite  phase,  and  as  the  two 
pairs  of  cylinders  are  brought  closely  together,  the  second- 
ary couple,  which  alone  remains,  is  much  smaller  than  in 
the  Junkers  arrangement.  With  a  six-cylinder  engine  even 
this   secondary   couple    is   entirely   obliterated. 

A  500-hp.  engine  of  this  type  has  been  in  operation  about 
a  year.  At  first  sight,  it  might  be  supposed  that  the  oblique 
rods  would  involve  considerable  friction,  but  the  angle  of 
the  rods  is  less  than  the  maximum  angle  of  the  connecting- 
rods,  and  this  friction  is  actually  less  than  would  be  the 
case  if  each  of  the  eight  pistons  had  its  own  crank  and 
connecting-rod.  The  mechanical  efficiency,  excluding  the 
air  and  gas  pumps,  is  over  90  per  cent. 


Philadelphia's  convention  next  November  of  mayors  and 
municipal  officials  throughout  the  country  for  the  establish- 
ment of  a  Utilities  Bureau  to  represent  the  cities  of  the 
nation  in  working  out  their  relations  with  public  utility 
corporations,  promises  to  be  one  of  the  most  notable  con- 
ventions for  municipal  advancement  ever  held  in  the  United 
States.  'U'ith  the  approval  of  his  coworkers,  including  the 
mayors  of  New  York,  Chicago,  Cleveland  and  other  cities. 
Mayor  Blankenburg  of  Thiladelphia  appointed  the  following? 
preliminary  committee  of  experts  to  work  out  the  details 
of  the  convention: 

Louis  D.  Brandeis,  lawyer,  Boston:  counsel  for  Interstate 
Commerce  Commission  on  application  of  Eastern  railroads 
for  5  per  cent,  increa^so;  Chailt-s  R.  VanHise,  president.  Uni- 
versity of  Wisconsin,  Madison,  Wis.;  S.  S.  Fels,  manufacturer, 
Philadelphia;  Frederick  W.  Taylor,  consulting  engineer, 
Philadelphia,  past  president  of  the  American  Society  of 
Mechanical  Engineers,  leader  in  scientific  management  move- 
ment; Frederick  A.  Cleveland,  director  of  the  New  Y'ork 
Bureau  of  Municipal  Research,  formerly  chairman  of  the 
President's  Commission  on  Economy  and  Efficiency:  Leo  S. 
Rowe,  professor  of  political  science.  University  of  Pennsyl- 
vania, president  of  the  American  Academy  of  Political  and 
Social  Science;  Charles  F.  Jenkins,  publisher,  Philadelphia, 
proprietor  of  the  "Farm  Journal";  Felix  Frankfurter,  ad- 
ministrator and  lawyer,  Cambridge,  Mass.,  professor  of  law, 
Harvard  University,  chief  legal  adviser  of  the  Coloni:,! 
Administration  of  the  LTnited  States  under  Presidents  Roose- 
velt, Taft  and  Wilson,  had  important  part  in  trials  of  Morse. 
Heinze    and    the    Sugar    Trust. 

Mayor  Blankenburg,  it  was  said,  will  increase  the  mem- 
bership by  three  or  more  experts.  The  Utilities  Bureau, 
Director  Cooke  said,  is  now  ready  for  business.  Such  tempor- 
ary administrative  staff  as  may  be  needed  to  carry  on  its 
ivork  between  now  and  next  November,  when  the  conference 
of  mayors  will  be  held  here,  has  now  been  provided.  In 
addition  to  gathering  general  data,  other  cities  will  be 
advised,  he  said,  and  assisted  in  making  such  application  of 
its  researches  to  local  conditions  as  shall  be  most  likely  to 
secure  favorable  consideration  at  the  hands  of  Public  Service 
Commissions  and   other  lilje  bodies. 


again 


The  production  of  co.al  in  the  United  .States 
broken  all  previous  records,  the  output  for  1^13  being  570,- 
018,125  short  tons,  which  is  considerably  more  than  double 
the  production  of  ISOO  and  more  than  eight  times  the  produc- 
tion of  1S80.  according  to  a  statement  just  issued  by  the 
United  States  Geological  Survey,  from  figures  compiled  by 
Edward  W.  Parker,  coal  statistician.  The  value  of  the  aoal 
mined   in    1913    Is  given   as   $760,488,785. 

Compared  with  the  previous  year  the  output  for  1913 
shows  an  Increase  of  35,581,515  tons,  or  nearly  7  per 
cent.  The  Increased  activity  indicated  by  these  figures 
was  well  distributed  throughout  the  29  coal  -  producing 
States,  23  of  which  showed  Increases  and  only  6  de- 
creased production,  the  decrease  In  one  of  these Colo- 
rado— being  du«  solely  to  labor  trouble.  Of  those  show- 
ing Increase,  12  made  record  yields,  and  Pennsylvania,  the 
leading  coal  State,  broke  records  In  both  bituminous  and 
anthracite  production.  The  States  which  broke  all  former 
records  In  coal  production   were  Alabama,   Illinois,   Kent«cky, 
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Montana,  New  Mexico.  Ohio,  Oltlahoma,  Pennsylvania.  Texas, 
Utah,  Virginia  and  West  Virginia.  The  largest  increase  in 
the  production  of  bituminous  coal  was  in  Pennsylvania, 
where  11.915,729  tons  was  added  to  the  output  of  1912.  West 
Virginia  showed  the  second  largest  gain,  4.522,295  tons,  and 
Kentucky  the  third  largest  gain,  3,126,079  tons,  which  was 
also  the  largest  percentage  of  increase,  amounting  to  19  per 
cent.,  of  all  the  important  coal-producing  States.  Indiana 
was  fourth.  Illinois  iifth,  Ohio  sixth,  and  Alabama  seventh. 
While  the  total  increase  was  very  large  as  figured  in  tons, 
the  percentage  is  wh.it  may  be  considered  normal  and  in- 
dicative of  healthy  industrial  activity  throughout  the  coun- 
try. 


im  the  evening  of  July  21  the  University  of  Pittsburg  gavo 
a  dinner  for  the  professors  of  engineering  of  the  different  col- 
leges of  the  country  who  are  in  Pittsburgh  for  the  summer 
course  given  by  the  Westinghouse  Electric  &  Manufacturing 
Co.  An  address  by  Dean  F.  L.  Bishop,  of  the  School  of  Engi- 
neering of  the  University  of  Pittsburgh,  had  the  topic,  "The 
Pittsburgh  Idea"  in  education.  Each  of  the  visiting  profes- 
sors was  called  upon  to  give  a  short  boost  to  his  own  par- 
ticular college.  Fourteen  different  colleges  and  universities 
were  represented. 


Hubert  E.  Collins,  consulting  and  operating  engineer,  has 
opened  an  ofBce  at   132   Boyce  Ave.,  Utica. 

William  Schatz  is  now  representing  the  Piatt  &  Wash- 
burn   Refining    Company.    11    Broadway,    New    York    City. 

R.  A.  Anderson  has  been  appointed  chief  engineer  of  the 
power  station  of  the  Port.smouth  (N  H.)  Electric  Railway,  to 
succeed  John  Kirk. 

H.  E.  Harley  has  been  appointed  chief  engineer  of  the 
power  station  of  the  Jacksonville  (Fla.)  Traction  Co.,  to 
succeed  P.  D.  Barry. 

Lester  Boring,  formerly  chief  plant  engineer,  has  been 
appointed  superintendent  of  the  municipal  electric  and  water 
plant    at    Tipton,    Ind. 

W.  B.  Gregory  was  recently  appointed  engineer  of  the 
power  station  of  the  Connecticut  Co.  at  Berlin,  Conn.,  on  the 
Middletown   branch,  to  succeed  S.  Sargeant. 

W.  R.  Haynie,  who  has  been  for  over  two  years  United 
States  representative  for  Usines  Carels  Freres.  of  Ghent, 
Belgium,  having  contracted  with  the  Nordberg  Manufactur- 
ing Co.  for  the  exclusive  manufacturing  and  selling  rights 
on  Carels-Diesel  engines  in  the  United  States,  is  now  the 
special  Diesel  representative  of  the  Nordberg  Manufacturing 
Co.,   with  offices  at  30  Church  Street,  N.  Y. 

Edward  Gray  for  some  time  mechanical  engineer  of  the 
Ford  Motor  Co,  and  well  known  in  gas  power  circles,  espe- 
cially in  connection  with  the  design  and  installation  of  the 
big  Ford  gas  engine,  has  severed  his  connections  with  that 
company  and  will  for  the  present  devote  his  time  to  some 
personal  projects  which  he  has  now  under  way  in  Detroit. 
His  successor  at  the  Ford  Co.  will  be  William  B.  Mayo, 
formerly  secretary  and  general  manager  of  the  Hooven, 
Owens,    Rentschler    Co. 

Edward  Schildhauer  resigned  as  electrical  and  mechanical 
engineer  on  July  13  from  the  Panama  Canal  service.  He 
entered  the  service  as  electrical  and  mechanical  engineer  in 
1906.  He  has  been  occupied  principally  with  the  designing, 
manufacturing,  and  installation,  under  the  direction  of  Col.  H. 
F.  Hodges,  engineer  of  maintenance,  of  the  machinery  and  elec- 
trical equipment  for  the  operation  of  the  Canal  locks,  spillways 
and  power  plants,  including  the  new  hydroelectric  station  at 
Gatun.  the  substations  at  Gatun.  Cristobal,  Miraflores  and 
Balboa,  and  with  the  new  transisthmian  transmission  line. 
He  invented  and  patented  the  bull  wheel  which  operates  the 
lock  gates,  and  the  system  of  electric  towing  locomotives 
for  handling  ships  in  the  locks.  Another  novel  device  manu- 
factured from  designs  prepared  in  his  office,  is  the  system  of 
remote  control  by  which  every  part  of  the  lock  operating 
machinery  is  manipulated  from  a  central  station  or  control 
house,  and  where,  with  the  aid  of  a  reproduction  of  the  lock 
and  its  operating  features  in  miniature,  every  movement  is 
registered   before   the   eyes   of   the   operator.     Mr.   Schildhauer 


was  born  in  New  Holstein,  Wis.,  entered  the  University  of 
Wisconsin  at  the  age  of  21,  and  was  graduated  in  1S97,  with 
the  degree  of  bachelor  of  science  in  electrical  engineering. 
The  master's  degree  was  conferred  in  1911.  He  was  engaged 
in  electric  railway  construction  uneil  1S9S,  when  he  entered 
the  employ  of  the  Chicago  Edison  Co.  and  was  with  this  com- 
pany at  the  time  of  his  appointment  to  the  Canal  service.  He 
is  president  of  the  Panama  Section  of  the  American  Institute 
of  Electrical  Engineers,  chairman  of  the  Canal  Zone  Chapter 
of  the  American  National  Red  Cross  Society  and  a  member 
of  various  societies  In  the  United  States,  including  the  Ameri- 
can Institute  of  Electrical  Engineers,  the  American  Society  of 
Civil  Engineers,  the  American  Society  of  Mechanical  Engi- 
neers, the  National  Electric  Light  Association  and  the  Ameri- 
can Electro-Chemical  Society.  He  will  make  his  headquarters 
at  the  Engineers'  Club,  New  York  City.  He  was  given,  a  fare- 
well reception  by  the  Tivoli  Club  July  11  and  by  the  Univer- 
,«itv   Club   on   July   15. 


EDWARD  B,  DENNY 

On  July  12,  Edward  B.  Denny,  past  president  of  the  Na- 
tional Association  of  Master  Steam  and  Hot  Water  Fitters, 
died  at  his  home  in  Newark,  N.  J.  His  death  was  due  to 
heart  disease  superinduced  by  acute   indigestion. 

Mr.  Denny  received  a  common-school  education  and,  after 
several  years'  employment  in  other  lines,  took  up  the  busi- 
ness of  manufacturing  gas  machines  in  1S74.  He  invented  a 
portable  gasolene  gas  machine,  and  about  the  same  time  he 
enlarged  his  field  of  operations  by  taking  up  the  steam  and 
hot  water  heating  business,  in  which  line  he  has  been  en- 
gaged  ever  since   in   partnership  with   brothers. 

He  was  one  of  five  children  whose  average  at  the  time  of 
his  death  was  over  60  years. 

Mr.  Denny  was  a  member  of  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers:  National  Association  of  Master 
Steam  and  Hot  Water  Fitters;  New  Jersey  State  Association 
of  Master  Steam  and  Hot  Water  Fitters;  Newark  Association 
of  Master  Steam  and  Hot  Water  Fitters;  Newark  Y.  M.  C.  A.; 
St.  John's  Lodge,  No.  1,  F.  &  A.  M„  Newark,  N.  J.;  and  Empire 
State   Society   of   the   Sons   of   the    American   Revolution. 

The  Rev.  Dr.  John  McDowell  of  Park  Presbyterian  Church 
conducted  the  funeral  services  at  the  home  of  John  W.  Denny. 
Newark,  N.  J.  Interment  was  on  Thursday  morning,  July  16, 
at  Linden   Cemetery,  near   Elizabeth,  N,   J, 
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The  Holyoke  Street  Rv.  Co..  Holyoke,  Mass.,  has  purchased 
a  site  on  Pleasant  St.,  in  Mill  Valley,  on  which  to  build  a  power 
house  to  supply  energy  for  the  Sunderland  and  Amherst 
division.     Louis  D.  Pelissier  is  Gen.  Mgr. 

The  Narragansett  Electric  Lighting  Co.,  Providence,  R.  I., 
contemplates  rebuilding  the  turbine  room  of  its  generating 
station  some  time  within  the  next  few  months.  W.  T.  Oviatt 
is  Gen.   Supt. 

The  power  house  at  the  plant  of  the  Farist  Steel  Co.,  13T 
East  Main  St.,  Bridgeport,  Conn.,  will  be  rebuilt.  The  build- 
ing will  be  of  brick  and  steel,  55x78  ft. 

Bids  will  be  received  until  3  p.m..  Aug.  17,  by  the  State 
Hospital  Commission,  Albany.  N.  Y,.  for  the  construction  of  a 
power  house,  boilers,  equipment  and  steam  conduit,  plumbing, 
electric  equipment  and  underground  electric  conduit  at  the 
Long  Island  State  Hospital,  Brooklyn,  N.  Y.  J.  H.  Hanify  is 
Secy.  State  Hospital  Comn. 

The  Lebanon  Power  &  Lighting  Co.,  Canaan,  N.  Y'.,  plans  to 
build  a  power  plant  in  Canaan,  on  the  outlet  of  Queechy  Lake, 
to  supply  energy  to  Canaan,  New  Lebanon,  Lebanon  Springs 
and  ^\'es"t  Lebanon.  The  equipment  of  the  plant  will  include: 
One  225-hp.  Atlas  boiler,  one  175-hp,  Corliss  engine  two 
Leffel  waterwheels  (135  hp,),  one  150-kw.  General  Electric 
and  one  125-kw.  Fort  Wayne  generator  (each  three-phase, 
60-cycle,  2300-voUs),  General  Electric  switchboard  equipment 
and  Duncan  transformers.  O.  C.  Schmoyer,  Greenville,  Penn., 
is  Engr.-in-Charge. 

It  is  reported  that  the  power  plant  for  the  Onondaga 
County  Tuberculosis  Sanitarium,  Syracuse,  N.  Y.,  will  cost 
about  $35,000.  The  equipment  will  include  boilers,  engines, 
heating  apparatus,   pumps,   telephone  switchboard,   etc. 

The  Citv  Council  has  authorized  Samuel  J,  Mason,  City 
Engr  to  jjrepare  an  estimate  of  the  cost  of  installing  a 
municipal  electric-light  plant  in  Perth  Amboy,  N.  J. 

Bids  are  being  received  by  John  T.  Windrim.  Arch.,  Com- 
monwealth Bldg.,  Philadelphia,  for  the  construction  of  a  one- 
storv  brick  and  concrete  power  house  at  20th  St.  and  Oregon 
\ve"  Philadelphia,  Penn.,  for  the  Stephen  Girard  Estate, 
will 'be    67x88    ft. 
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^oimdleiniseir  s^imdl  CooMimg  To^^er  for 
xedl-^Fressujire  TMrlbnime 

By  GiooKciE   F.  Po.vD* 


SYNOPSIS — The  rondensmg  and  naiural -draft  cooling- 
fower  equipment  installed  at  a  silk  mill  forms  an  efficient 
unit  for  installation  in  connection  with  a  mixed-pressure 
turbine.  The  plant  is  a  typical  example  of  what  can  be 
done.  There  are  also  included  .lome  test  figures  showing 
the  vacuum  maintained  under  adverse  atmospheric  con- 
ditions' of  temperature  and  humidity. 

m 

Plants  built  primarily  to  generate  power,  as  central  sta- 
tions, are  located  along  a  water  front  to  obtain  ample 
cooling  water  for  the  condensers,  but  many  mills,  factories 


in  such  plants,  although  hy  their  use  under  suitable  con- 
ditions the  power  capacity  can  be  almost  doubled  for 
the  same  coal  consumption  and  boiler-house  equipment. 
The  savings  attainable  are  so  great  that  it  pays  to  in- 
stall apparatus  for  artificially  recooling  the  condensing 
water;  the  only  problem  is  in  selecting  a  recooler  which 
is  as  nearly  equivalent  as  possible  to  a  natural  supply  of 
cold  water. 

There  are  many  devices  for  recooling  water,  including 
large  artificial  ponds,  spray  nozzles,  open  cooling  towers, 
closed  cooling  towers  of  the  forced-draft  type,  and  closed 


Fifi.  1.   TriiBixE  AND  Engine  Units  in  Engine  Eoom  of  the  SArQuoiT  Silk  Mfg.  Co. 


and  industrial  plants  must  be  constructed  where  cooling 
water  is  scarce  or  unavailable.  For  this  reason,  noncon- 
densing  engines  have  been  installed  usually  and  the  loss 
in  the  steam  escaping  to  the  atmosphere  has  been  con- 
sidered as  unavoidable. 

The  lack  of  condensing  water  has  also  been  a  drawback 
to  the  use  of  mixed-pressure  and  low-pressure  turbines 


•Philadelphia    office 
Engineering  Co. 


manager,    the    Wheeler    Condenser    & 


cooling  towers  of  the  natural-draft  type.  Inclosed  cooling 
towers  are  an  efficient  means  of  recooling  water  and  the 
natural-draft  tower  gives  excellent  results  where  the 
ground  area  available  for  it  is  sufficient. 

At  the  plant  of  the  Sauquoit  Silk  Mfg.  Co.,  Scranton, 
Penu.,  there  is  a  mixed-pressure  turbine,  condensing 
plant  and  a  natural-draft,  chimney-type  inclosed  cooling 
tower. 

The  steam  turbine  is  a  500-kv;.  mi.xed-pressure,  3600- 
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r.p.m.  unit,  driving  a  nO-cyr-le  alternator  and  is  supplied 
with  exhaust  steam  from  three  300-lip.,  cross-compound 
engines,  seen  behind  the  turbine.  Fig.  1.  Any  deficiency 
in  the  exhaust  of  the  engines  is  made  up  automatically  by 
the  live  .steam  admitted  to  a  high-pressure  stage  of  the 


the  general  arrangement  of  turbine,  condenser  and  cool- 
ing tower. 

The  atmospheric  conditions  of  75  deg.  of  temperature 
and  70  per  cent,  of  humidity  are  the  average  for  Julv 
and  August,  the  least  favorable  months  in  the  year,  while 
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turbine  through  wliicli  it  expands  before  j((ining  the  low- 
pres.sure  steam. 

The  condensing  e<iuipment  comprises  a  surface  con- 
denser, a  motor-driven  circulating  pump,  au  air  pump 
and  a  natural-draft  cooling  tower.  The  condenser  is 
guaranteed  to  condense  20,(;00  lb.  of  steam  per  hour  and 
maintain  a  27-in.  vacuum  wlien  tlie  air  is  at  To  deg. 
temperature  and   70  per  cent,  humiilily.     Fig.  2  show.s 


Fig.  4.    Sectiox  thuough  Xat- 

UliAL-DliAFT   CoOLIXfi    ToWE!! 

I  lie  average  annual  conditions  are  about  5.5  deg.  of  tem- 
perature and  70  per  cent,  of  humidity.  The  vacuum  at 
the  exhaust  of  the  turbines  averages  27  in.  during  the 
hottest  months,  and  at  the  other  10  months,  between  27 
and  28  in.,  going  even  sliglitly  above  28  in.  at  times  of 
low  temperature  and  humidity. 

The  condenser.  Fig.  5,  is  of  the  rectangular-shell  design. 
The  circulating  water  makes  two  passes  through  it  and 
is  heated  to  within  a  few  degrees  of  the  exhaust-steam 
temperature,  as  .shown  by  the  test  figures  given. 

The  condenser  and  ])umps  are  in  the  basement  beneath 
the  turbine,  the  jnimiis  being  shown  in  Figs.  :]  and  G.  in 
which  the  air  pump  is  in  the  front  and  the  motor-driven 
circulating  pump  in  the  rear.  The  air  pump  is  of  the 
single,  steam-driven  type,  operating  at  1)5  r.p.m.  The  air- 
(]ischarge  vent  is  shown,  also  the  discharge  pipe  for  the 
condensate,  which  is  delivered  to  a  height  of  12  ft.  with- 
out the  aid  of  a  se])arate  pump.  The  motor-driven  circulat- 
ing puni])  has  a  capacity  of  about  KiOO  gal.  per  min.,  the 
Water  being  drawn  from  the  sump  of  the  cooling  tower. 
pum])ed  through  the  tubes  of  the  condenser  and  delivered 
to  the  distributing  troughs  of  the  tower  at  an  elevation 
of  about  20  feet. 

Fig.  7  19  an  exterior  view  of  the  tc)Wer.  Tts  base  is 
square  in  section  and  the  chimney  is  octagonal,  and  has 
a  pleasing  ai)i)earance.  The  height  of  the  chimney  above 
the  foundations  is  70  ft.,  giving  ample  natural  draft  and 
making  fans  unnecessary.  When  once  installed,  the  tower 
recpiires  no  attendance  and  consumes  no  ]iower. 
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Fig.  4  shows  the  tower  in  section  and  illustrates  the  ar- 
rangement of  the  zigzag  cooling  stacks  and  the  distribut- 
ing system;  the  latter  consists  of  wooden  troughs  from 
which  the  water  falls  through  iron  spouts  to  splash 
plates,  which  throw  the  water  out  in  all  directions  and 
distribute  it  evenly  over  the  whole  area  of  the  filling. 

The  water  is  cooled  in  two  ways :  first,  by  the  evapora- 
tion of  a  small  percentage  which  abstracts  approximately 


The  following  tables  show  the  results  obtained  in  Aug- 
ust, 1913,  with  loads  of  450  and  500  kw.  on  the  turbine 
running  with  exhaust  steam,  corresponding  to  an  engine 
load  of  400  kw.  With  atmospheric  conditions  of  74  deg. 
temperature  and  86  per  cent,  humidity  and  a  load  of  450 
kilowatts,  the  vacuum  corrected  to  a  .30-in.  barometer  was 
27.55,  and  at  500  kilowatts  and  the  same  atmospheric  con- 
ditions, the  vacuum  was  27.4  : 


Fig.  5.  Condenser  and  Concrete  Foundation 


Fig.  6.   Air  Pijip  and  Piping 


1000  B.t.u.  (cooling  40  lb.  25  deg.)  for  each  pound  of 
water  evaporated  and  secondly,  by  the  heat  taken  up  by 
the  warming  of  the  air.  This  latter  is  only  a  small  per- 
centage of  the  cooling,  by  far  the  greatest  part  being 
due  to  evaporation. 

It  is  of  interest  to  compare  the  quantity  of  water 
lost  and  the  make-up  required  due  to  this  evaporation  in 
the  tower,  with  the  loss  of  water  by  noncondensiug  en- 
gines. If  all  the  cooling  is  by  evaporation,  then  approx- 
imately 1  lb.  has  to  be  evaporated  to  dissipate  1000  B.t.u., 
which  is  equal  to  the  heat  given  up  to  the  water  by  the 
condensation  of  1  lb.  of  exhaust  steam.  Actually,  the 
increase  in  the  temperature  of  the  air  absorbs  about  20 
per  cent,  of  the  heat  in  the  tower  so  that  the  loss  of 
water  is  80  per  cent,  of  the  condensation.  Without  the 
low-pressure  turbine,  all  of  the  steam  would  be  exhausted 
to  the  atmosphere  and  only  half  the  power  generated  or. 
for  the  same  power,  twice  the  steam  would  be  exhausted, 
representing  more  than  twice  the  loss  of  water  per  kilo- 
watt-hour. Wiere  city  water  must  be  purchased  at  meter 
rates,  this  saving  in  water  alone  is  a  considerable  item. 


TEST  NO.    1 
Aug.   6,  1913 

Turbine    load    ^^^o*^^" 

Temperature  exhaust  steam  entering  condenser...  108^ 

Temperature   circulating   water,    in 84 

Temperature   circulating  water,   out IJao 

Temperature   condensate gO 

Temperature   atmosphere    ^* 

Per  cent,  humidity JB 

Per  cent  humidity  corrected  to  30-in.  barometer....  27.5&in. 
Vacuum     per     cent,     humidity     corrected     to     30-in. 

barometer   27.55  in. 

TEST   NO.    2 

Load  on  500-kw.  turbine ^''So''''' 

Temperature  exhaust  steam  entering  condenser...  11^^ 

Temperature  circulating   water,    in    86^ 

Temperature  circulating  water,   out oio 

Temperature  condensate ft' 

Temperature  atmosphere    '* 

Per  cent,  humidity »°    ,  . 

Vacuum  corrected  to  30-in.  barometer <!7  .  4  in. 

The  atmospheric  conditions  are  considerably  less  fa- 
vorable than  the  guarantee,  while  the  vacuum  is  almost 
half  an  inch  higher.  This  high  vacuum  is  probably 
explained  in  part  by  the  margin  of  capacity  of  the  ap- 
paratus; also,  becau.se  the  turbine  was  not  operating  on 
low-pressure  steam  and  the  amount  of  steam  condensed 
at  500  kilowatts  was  somewhat  less  than  the  rated  20.- 
000  lb. 
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Fig.  7.    Natukal-Dhaft  Cooling 
Tower 


This  equipment  has  been  used  for  about  a  year.  The 
operating  records  show  that  during  the  winter  months  the 
vacuum  is  about  28  in.,  and  the  average  vacuum  through- 
out the  year  is  S^i/^,  in.  The  increase  in  plant  economy 
due  to  the  installation  of  the  mixed-pressure  turbine,  the 
cooling  tower  and  the  condensing  equipment  amounts  to 
a  large  sum  per  year;  it  is  estimated  that  the  entire 
equipment  will  pay  for  itself  in  five  years. 

The  plant  was  designed  and  installed  by  the  Sauquoit 
Silk  Mfg.  Co.,  under  the  direct  supervision  of  their  me- 
chanical superintendent,  L.  G.  Schlehner. 

By  D.  O.  Barrett 

About  three  miles  southeast  of  the  city  of  Mansfield, 
Ohio,  is  located  one  of  the  gas-pimiping  stations  of  the 
Medine  Gas  &  Fuel  Co.  An  exterior  view  of  the  plant 
!s  shown  in  Fig.  1.  The  large  central  building  houses 
tlie  main  pumping  engines,  while  the  auxiliaries  are 
located  in  the  building  at  the  left.  The  water  tanlc  has 
a  capacity  of  30,000  gal.  All  the  buildings  are  of  steel 
construction  throughout,  with  corrugated  iron  covering. 

At  present  there  are  two  main  units,  each  rated  at 
4T5  hp.,  provision  having  been  made  for  the  installation 
of  a  third  unit,  which  will  be  put  in  shortly.  These 
engines  were  built  by  the  C.  &  G.  Cooper  Co.,  and  are 
211/2-iii-  bore  by  36-in.  stroke.  At  the  Awheel  end  is 
jilaced  the  lox3G-in.  Hall  single-stage  compressor  sup- 
))lied  with  an  8-in.  suction  and  a  6-in.  discharge  pipe, 
the  compressor  cylinder  being  operated  from  the  cross- 
head. 
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Since  it  is  not  always  convenient  nor  economical  to 
operate  at  full  speed,  due  to  the  frequently  occurring 
light  loads,  one  of  the  engines  was  fitted  with  a  speed- 
changing  device,  shown  in  Fig.  3.  This  is  similar  to  the 
feed  box  on  a  lathe,  the  lever  being  provided  with  five 
positions,  giving  speeds  of  60,  70,  80,  100  and  125  r.p.m., 
the  latter  being  the  rated  speed  of  the  engine.  Changes 
may  be  made  while  the  engine  is  running,  care  being 
taken  to  throw  the  gears  in  quickly  and  but  one  step  at 
a  time.  The  lever  projecting  from  the  gear  case  is  ar- 
ranged with  a  spring  handle  and  carries  a  sliding  frame 
in  which  is  located  an  idler  gear.  The  Eichardson  oil- 
ing system  is  used,  the  overflow  cup  being  shown  back 
of  the  governor. 

Just  back  of  the  power  house  is  a  large  pond  sup- 
plied from  an  artesian  well.  In  the  pond  are  laid  six- 
teen 4-iu.  gas  lines  about  200   ft.  Ion?,  through  which 


the  gas  is  transmitted  before  entering  the  mains.  This 
quite  effectively  cools  the  gas.  The  pipes  are  attached 
to  headers  in  such  a  manner  that  any  pipe  may  be  cut 
out  should  it  Ijecome  necessary  at  any  time  to  make  re- 
pairs. 

The  auxiliaries  consist  of  two  30-hp.  Superior  gas 
engines  connected  to  a  line-shaft  from  which  are  driven 
a  two-stage  air  compressor,  two  300-gal.  centrifugal 
pumps  and  a  6-kw.  generator  connected  to  a  20-cell 
storage-battery  jjlant.  A  boiler  is  also  provided  for  steam 
heating. 

The  discharge  pressure  into  the  gas  line  varies  from 
175  to  200  lb.,  while  the  suction  pressure  is  extremely 
variable,  depending  entirely  upon  the  weather,  which 
regulates  the  amount  of  gas  being  pumped.  The  en- 
gineers work  in  12-hr.  shifts,  each  being  provided  with 
one  helper. 
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SYXOPSIf'' — Defrripiwii  of  seftingx  designed  for  smolr- 
hss  operation,  with  full  instructions  on  starting,  firing, 
cleaning  and  banking. 

In  previous  articles,  the  discussion  on  hand-fired  fur- 
aiaees  applied  particularly  to  rates  of  combustion  of  from 
fa  to  30  lb.  per  sq.ft.  of  grate  surface  per  hour;  in  other 
words,  to  ordinary  power  loads.  The  double-arch,  bridge 
wall  setting  is  not  so  well  adapted  to  rates  of  combus- 
tion lower  than  this,  although  the  McMillan  and  twin 
fire-arch  furnaces  may  be  used  either  for  low  or  for 
high  rates  of  combustion,  owing  to  the  projection  of  the 
refractory  material  forward  of  the  bridge-wall,  this  hav- 


high  temperature  and  a  good  deflection  against  the  arch 
in  the  combustion  chamber.  On  the  sizes  from  66  in. 
by  18  ft.  up,  the  deflection  arch  should  be  built  of  two 
spans  with  a  13-in.  pier  in  the  center,  as  this  kind  of 
construction  lasts  longer  and  provides  better  deflection. 
The  illustration  and  the  table  give  the  necessary  dimen- 
sions for  this  type  of  setting  for  all  commercial  sizes 
of  horizontal,  return-tubular  boilers. 

Firing  a  No.  7  Setting 

The  methods  of  starting,  cleaning  and  banking  the  fire 
are  the  same  as  given  in  the  last  article  for  power  boil- 
ers.    In  operation,  however,  the  coking  method  should 


14-0  34  20  48  48  24  15 

16-U  34  20  54  48  24  15 

14-0  36  22  48  54  24  18 

16-0  36  22  54  54  24  IS 

16-0  40  22  60  60  26  18 

lS-0  40  22  66  60  26  IS 

16-0  40  24  60  66  28  19 

18-0  40  24  66  66  28  18 


DIMENSION    SHEET    FOR    NO.    7    FURNACE 
All  dimensions  in  inches,  except  column  B,  which  is  in  feet. 
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27 
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Note — First  grade   of  firebrick   to  be   used   throughout  with   the    exception    of    the    combustion-chamber    floor 
raUs  of  the  chamber   back   from  a  point   1    ft.    behind    the   rear   face  of  the  deflection  arch. 

Fire  doors  must  provide  for  special  air  admission  of  an  area   equal   to   4   sq.in.   for   each   square   foot    of   grate    s 
Make  damper  openings  equal  to  25 '^^   excess  of  tube  area. 

Dimensions  in  the  above  table  apply  only  for  the  ordinary  conditions,  and  are  subject  to  revision  for  unusual 
•Deflection  arch  built  with  a  13%xl3%-in.   center  pier. 


9  7%  9 

9  7%  9 

9  8%  9 

9  8%  9 

9  9  9* 

9  9  9» 

and    the  side 

surface. 

conditions. 


ing  the  effect  of  maintaining  a  high-temperature   zone 
with  a  slow  fire. 

A  setting  known  as  the  Department  No.  7  has  been 
worked  out  for  rates  of  combustion  below  15  lb.  per  sq.ft. 
of  grate  surface  per  hour.  This  setting,  shown  in  the 
accompanying  illustration,  consists  of  an  arch  sprung 
over  the  grate,  with  a  deflection  arch  behind  the  bridge- 
wall,  the  two  being  connected  with  a  single-span  arch 
over  the  bridge-wall.  The  brickwork  over  the  grates  has 
the  effect  of  creating  and  maintaining  a  high-temperature 
zone  which  would  not  be  possible  when  the  rate  of  com- 
bustion was  low  unless  this  refractory  material  was  pro- 
vided.    It  also  interposes   an  extended   flame  travel   at 

•Copyright,  1914.  Osborn  Monnett. 
tSmoke  Inspector,  city  of  Chicago. 


be  used.  This  consists  of  heavily  charging  the  front 
part  of  the  furnace  with  coal,  allowing  it  to  ignite  and 
coke,  pushing  back  the  coked  portion  to  expose  the  fresh 
coal  near  the  dead  plate,  and  finally  pushing  back  the  en- 
tire fuel  bed  and  refilling  the  front  part  of  the  furnace 
with  fresh  coal.  This  should  be  done  by  the  alternate 
method,  using  the  panel  doors  freely.  As  the  boiler  op- 
erates at  low  pressure  there  will  be  no  steam  jets  avail- 
able, so  that  smoke  suppression  must  be  accomplished 
entirely  by  the  use  of  the  panel  doors.  When  the  coking 
method  is  used  there  need  not  be  much  trouble  from 
smoke,  as  the  rate  of  combustion  is  such  that  the  vola- 
tile does  not  necessarily  have  to  pass  off  at  a  high  rate. 
In  using  the  alternate  system  with  the  coking  method 
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of  firing,  push  back  one  side  at  a  time  and  fill  up  with 
green  coal.  The  next  time  this  side  is  stoked,  the  coal  on 
lop  near  the  door  which  is  partially  coked  is  pushed  back, 
](>aving  the  unburned  green  coal  underneath  to  coke  on 
the  grate.  When  this  has  been  coked  it  is  pushed  back, 
the  front  part  of  the  furnace  refilled,  and  Ihe  same  opera- 
tion is  repeated. 

Firebox  Boilers 

The  locomotive  firebox  has  come  into  general  use  for 
heating  purposes  in  buildings  where  the  return-tubular 
boiler  would  be  too  large.  Thousands  of  these  boilers  are 
used  in  flats  and  residences,  only  one  boiler  being  in- 
stalled at  each  place.  It  is  necessary  to  use  extreme  care 
in  firing  this  type  with  any  kind  of  coal  if  smokeless  re- 


Sprinkle  one  scoop  of  coal  over  the  wood.  Light  the  wood 
at  the  front,  close  the  firing  doors  to  within  i/o  in.  of 
being  tight  and  leave  the  circular  shutters  in  the  doors 
wide  open.  The  coal  will  burn  from  the  top  down,  being 
ignited  from  the  wood.  Any  good  coal  that  drops  through 
the  grate  can  be  scraped  out  of  the  ashpit  and  used  when 
the  fire  is  under  way. 

Regular  Firing — Push  the  live  coal  from  the  top  of  the 
fuel  bed  at  the  front  of  the  grates  back  toward  the  tubes. 
Do  not  push  any  green  coal  back,  as  this  will  cause  smoke. 
Put  a  heavy  charge  of  fresh  coal  on  the  front  of  the 
grates  immediately  inside  the  doors.  Do  not  close  the 
fire-doors  tight;  have  them  stand  open  about  Vo  in.  Re- 
peat this  operation  for  each  successive  firing. 

The  live  coal  on  the  back  half  of  the  grates  will  niain- 


f/oor  pai'ea  m'fh  4^  of'' 
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suits  are  to  be  obtained.  In  fact,  it  is  ])ractically  impos- 
sible to  use  a  coal  with  the  volatile  content  higher  than 
20  per  cent,  and  expect  satisfactory  smoke  conditions. 
For  this  reason,  this  typo  is  limited  to  the  use  of  semi- 
bituminous  coal.  With  intelligent  care,  this  coal  can  be 
fired  in  a  fireliox  boiler  without  making  dense  smoke.  The 
following  instructions  apply  specifically  to  this  kind  of 
boiler  and  should  be  followed  carefully  if  smoke  .suppres- 
sion is  an  important  consideration. 

Starting  a  New  Fire — Have  the  ashpits,  grates,  tubes 
and  all  other  accessible  parts  clean.  When  starting  a 
fire,  always  have  a  largo  amount  of  kindling  ready  for 
use.  This  is  necessary  because  the  heat  from  the  wood 
fire  must  ignite  the  coal  and  maintain  heat  long  enough 
tc  give  the  coal  a  good  start. 

Open  the  ashpit  doors.  This  does  not  mean  the  panels. 
Make  sure  that  the  damper  in  the  smoke  connection  is 
wide  open.  Put  into  the  firebox,  on  the  bare  grates,  a 
layer  of  coal  about  fi  in.  thick  immediately  inside  of  the 
fire-doors  and  gradually  thinning  down  to  1  in.  at  the 
tube  sheet.     Place  the  kindling  wood  on  toj)  of  tlie  coal. 


EETrKX-TrnuL.\R  Settik'g  for  Low  Rates  of  Com- 

BUSTIOX 

tain  the  required  heat  and  cause  the  green  coal  ou  the 
front  half  to  give  up  its  gas.  This  gas  will  pass  over 
the  live  coal  and  be  burned  before  it  reaches  tlie  tubes. 
Run  the  fire  so  that  the  fuel  bed  is  always  thick,  especial- 
ly just  inside  the  doors.  Do  not  spread  the  coal  over 
the  entire  grate  as  this  will  cause  a  great  deal  of  smoke 
no  matter  what  kind  of  coal  is  used. 

Cleaning  Fires — The  time  when  it  is  necessary  to  clean 
fires  will  be  indicated  by  the  fact  that  the  boiler  cannot 
make  steam  fast  enough  to  deliver  the  required  heat. 
Prepare  for  cleaning  by  arranging  to  have  a  large  charge 
of  coked  fuel  on  the  grates  immediately  inside  the  doors. 

Allow  the  fire  on  the  back  half  of  the  grates  to  burn 
down  slightly.  When  ready  to  remove  the  clinker,  close 
the  ashpit  doors  and  the  panels  in  the  doors.  Pull  the 
clinker  from  the  back  half  of  the  grates  over  the  fire  in 
front  with  as  little  disturbance  as  possible  of  the  fuel 
bed  in  front.  After  the  clinker  is  out,  shake  the  grates. 
Open  the  ashpit  doors,  push  the  live  coal  from  the  front 
so  as  to  cover  the  rear  half  of  the  grates.  Put  in  a  large 
charge  of  fresh  coal  immediately  inside  the  firing  doors. 
leaving  them  open  about  half  an  inch  and  the  circular 
shutters  in  the  doors  full  o]icn. 

Clinker  need  seldom  be  removed  from  the  front  half 
of  the  grates  as  it  does  not  form  there,  and  the  shaking 
grates  will  more  than  likely  take  care  of  the  ashes.  When 
it  is  necessary  io  remove  clinker  that  has  found  its  way 
to  the  front  half  of  the  grates,  wait  at  least  one  hour 
after  having  cleaned  the  back  half:  then  jjush  the  live 
coal  lying  on  the  front  half  of  the  grate  on  to  the  back 
half  and  pull  the  clinker  out  of  the  front  doors.  Fire  a 
heavy    charge   of    fresh    fuel    just    inside    the    fire-doors. 
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leaving  tlie  doors  cracked  as  before.  Do  not  close  the 
ashpit  doors  when  cleaning  the  front  portion  of  the 
grates. 

Banking  Fires — Push  the  live  coal  from  the  front  on 
to  tlie  back  half  of  the  grates.  Put  a  charge  of  fresh 
coal  on  the  front  of  the  grates  immediately  inside  of  the 
fire-doors,  using  considerably  more  coal  than  for  an  or- 
dinary firing.  This  may  mean  from  15  to  18  large 
scoops  of  coal,  depending  upon  the  size  of  the  grate. 
Leave  the  damper  in  the  chimney  connection  wide  open. 
Leave  the  circular  shutters  in  the  fire-doors  wide  open 
and  close  the  doors  themselves. 

Starting  Up  after  a  Banked  Fire — Shake  the  grates 
well;  there  will  be  little  clinker.  Open  the  ashpit  door 
wide.     Break  the  fire  down  with  a  bar  and  then  let  it 


burn  for  10,  15  or  perhaps  20  min.,  depending  upon  the 
quantity  of  fuel  there  is  in  the  firebox.  When  tlie  regular 
firing  begins,  put  a  large  charge  of  fuel  on  the  front  half 
of  tlie  grates  immediately  inside  of  the  firing-doors  after 
pushing  most  of  the  live  coal  back  to  the  back  half  of 
the  grates.  Do  not  close  the  stack  damper  for  any  cause. 
Do  not  allow  the  tubes  to  become  dirty.  Cleanliness  is 
of  great  importance  in  a  boiler  of  this  type.  Do  not  fail 
to  clean  out  the  smoke  connection  between  the  boiler  and 
the  chimney,  especially  at  the  beginning  of  the  heating 
season.  Do  not  leave  the  clean-out  door  at  the  bottom 
of  the  chimney  open.  Do  not  make  openings  in  the 
chimney  for  ventilating  purposes.  Do  not  depend  on  the 
damper  regulator. 
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SYNOPSIS — Charts  for  determining  horsepower  re- 
quired to  compress  a  given  quantity  of  air  and  the  volu- 
metric efficiency  of  air  compressors,  with  examples  in 
each  case  to  illustrate  their  use. 

Si 

In  connection  with  compressed-air  work  a  conmiou 
problem  is  the  determination  of  the  power  necessary  to 
com])ress  a  given  volume  of  air  from  one  pressure  (usual- 
ly that  of  the  atmosphere)  to  some  other  higher  pressure. 

Cubic  Feet  of  Free  Air  per  Minu+e    (VJ 
15  20  25       30     55    40  50 


It  can  be  shown  mathematical 
in  the  cylinder  by  the  air  is : 
144  P.  V, 


lip. 


X 


)Or 


y  tliat  the  power  absorbed 


pr^^ 


33,000  H  — 1 

in  wliich 

Fj  =  Absolute  suction  pressure  in  lb.  per  sq.in. ; 
P,  =  Absolute  discharge  pressure  in  lb.  per  sq.in. ; 
Fj  =  Volume  of  free  air  compressed  per  min.  i 
cu.ft. ; 

Horsepower 

9    10   11    \l  15  W  15  16  17 18 19  ?0 
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g    10   11   \l  \l  14  15  16  n  18 19  .J 


Z  5  4-56 

Horsepower 

Fig.  1.    Chart  for  Determin-ixg  Horsepower  Required  to  Compress  Givex  Volume  of  Air 
FROM  One  Pressure  to  Higher  Pressure 
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n  =  Factor  varying  in  air  compressors  from   1.25 

to  1.35,  depending  on  the  efficiency  of  cooling 

by  the  jacket.    A  common  value  of  this  factor 

is    1.30. 

This  formula  is  long  and  tedious  to  apply,  especially 

if  one  is  not  familiar  with  the  use  of  logarithms  and 

calculating  devices.     It  is  for  the  purpose  of  solving  this 

formula  graphically  that  Fig.  1  was  designed.    The  heavy 

broken  line   indicates  how  the  chart  is  to  be  used  but 

possibly  a  brief  explanation  will  make  it  clearer.     The 

data  for  the  problem  solved  is  as  follows: 

Volume  to  be  compressed  per  minute  (T'j)  =  24  cu.ft. ; 


85  per  cent,  is  assumed  the  indicated  horsepower  of  the  , 
driving  engine  is  [ 

■1.1  -^  0.85  =  4.82 
It  will  be  evident  that  a  problem  with  the  same  data 
as  above,  except  that  V^  be  240  cu.ft.  per  min.,  would  be 
solved  by  using  the  same  line  and  that  the  answer  would 
be  41  hp.,  the  difference  in  the  solution  being  in  the 
placing  of  the  decimal  point.  The  range  iu  volume  of  air 
on  the  chart  being  from  10  to  100  cu.ft.  per  min.  makes 
the  range  unlimited  by  merely  shifting  the  decimal  poini 
on  the  volume  scale  and  making  the  corresponding  change 
on  the  horsepower  scale. 


Scale  (a)  =  1-C  [(2.)-  l]  =Volumetnc    Efficiency 
\       Scale   (B)=C[(1)"-1] 
tVvK     This  Charf  is   Plo+ted  with  n=  1.30 
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initial  absolute  pressure  (P,)  =  14.7  lb.;  discliarge  ab- 
solute pressure  (P^)  =  114.7  lb. 

Solution:  Starting  with  the  volume  of  24  cu.ft.  at 
the  top  of  the  chart  drop  vertically  down  to  the  diagonal 
line  representing  the  suction  pressure  of  14.7  lb.  From 
there  follow  to  the  right  to  a  point  between  the  two 
diagonal  linos  labeled  7  and  8  respectively,  or  to  be  e.\act 
to  a  point  representing  7.8,  the  value  of  the  ratio 

P,  -1-  P,  =  114.7  -;-  14.7  =  7.8 
Then  drop  vertically  down  to  the  answer  of  4.1    bp.  at 
the  bottom   of  the  chart.      If  ii   tiiccbanical   cilicicncv  <>f 


The  value  of  the  factor  n  for  which  the  chart  was 
plotted  is  1.30.  This  figure  was  chosen  because  it  is  the 
value  most  commonly  used.    In  Table  1  are  given  factors 

TABLE 


FACTORS   BY    WHICH   TO   MULTIPLY   RESULTS 
WHEN  n   HAS  VALUE  OTHER  THAN   1.3 
Values   of   Pj    -=-    P, 


n 
1.20 
1.25 
1.35 
1.40 


JO 


0.97G  0.962 

0.98S  0.982 

l.ons  1.017 

l.Oir.  1.029 


0.953 
0.977 
1.020 
1.039 


0.936 

0.932 

0.927 

0.927 

0.969 

0.966 

0.963 

0.962 

1.031 

1.033 

1.036 

1.038 

1.059 

1.063 

1.067 

1.071 

0.946  0.941 

0.974  0.971 

1.024  1.028 

1.048  1.065 

by  which  to  inultiiily  Ihe  results  when  ii  has  a  value  other 
than  1.30.  To  iljiislrate  its  use  assume  that  n  in  the 
if  1.10.  (lie  value  for  adiabatic 


hove  problem 


a  value 
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compression  of  air.  The  proper  factor  by  which  to  multi- 
ply will  be  found  in  the  bottom  line  of  the  table  0.8  of 
the  way  between  1.059  and  1.063.  which  is  equal  to  1.062. 
Therefore,  multiplying  the  chart  answer  of  4.1  hp.  by 
1.062  gives  4.33  hp.,  the  desired  result. 

The  use  of  the  chart  is  not  necessarily  limited  to  air 
problems,  since  by  using  the  proper  value  of  n  it  is  ap- 
plicable to  any  gas.  In  general  the  value  of  n  is  slightly 
less  than  the  ratio  of  the  specific  heat  at  constant  pres- 
sure to  that  at  constant  volume  of  the  gas  in  question. 

While  the  chart  is  primarily  designed  to  solve  problems 
for  single-stage  compression,  it  may  be  used  also  to  de- 
termine the  necessary  power  for  two-stage  compression. 
It  can  be  ^hown  that  for  the  most  economical  results  in 
two-stage  compression  the  intermediate  pressure  should 
be  equal  to  the  sqiiare  root  of  the  product  of  the  suc- 
tion and  discharge  pressures ;  i.e.,  equal  to  V  P^P^-  It 
may  also  be  shown  that  for  this  intermediate  pressure 
the  work  done  in  each  of  the  two  cylinders  is  exactly  the 
same.      Therefore,    having    determined   the   intermediate 


Fig.  3.   Indicator  Diagka:ii  from  Aik  Compressor 


,  144  p/f,^       «      \(P'\-L^         ■ 


piessure,  which  will  be  called  P',  the  horsepower  absorbed 
in  each  of  the  two  cylinders  is : 
144 

the  same  formula  which  the  chart  was  designed  to  solve. 
Therefore,  having  obtained  the  result  of  this  solution 
from  the  chart  the  total  horsepower  absorbed  in  both  cyl- 
inders is  obtained  by  multiplying  by  two.  To  illustrate, 
assume  the  same  data  as  for  the  above  problem  except 
that  the  compression  is  to  be  two  stage. 
Solution :    The  intermediate  pressure  is 

P'  =  V  P,P,  =  V  114.7  X  14.7  =  41.06  lb. 
Then  the  ratio  of  compression  P'  -^  P^  in  the  low-pres- 
sure cylinder  is 

41.06  -^  14.r  =  2.79 
For  24  cu.ft.  of  air  per  min.  and  this  ratio  of  compres- 
sion, the  chart  gives  a  value  of  1.80  hp.  Therefore,  the 
total  horsepower  absorbed  in  both  cylinders  is 

2  X  1.80  =  3.60 
Assuming  a  mechanical  efficiency  of  85  per  cent.,  the  in- 
dicated horsepower  of  the  driving  engine  is 
3.60  -=-  0.85  =  4.23 
Fig.  2  becomes  useful  when  it  is  desired  to  determine 
the   necessary    piston   displacement   of   a   compressor    to 
deliver  a  definite  volume  of  free  air  under  given  condi- 
tions of  suction  and  discharge  pressure.    Also  in  calculat- 
ing the  probable  amount  of  air  that  a  compressor  of  given 
dimensions  will  deliver  under  given  conditions  of  suction 
and  discharge  pressure  and  speed. 


Referring  to  Fig.  3,  representing  the  indicator  diagram 
of  an  air  compressor,  it  is  evident  that  when  the  piston 
reaches  the  end  of  the  discharge,  or  compression  stroke, 
corresponding  to  the  point  A,  that  the  clearance  volume 
C  will  be  full  of  air  at  discharge  pressure.  This  air  will 
expand  as  the  piston  starts  back  on  the  suction  stroke  and 
no  air  will  be  drawn  into  the  cylinder  until  the  pressure 
therein  has  fallen  to  the  suction  pressure.  Hence  the 
volume  of  air  drawn  in  each  stroke  will  be  somewhat 
less  than  the  piston  displacement,  the  amount  being  de- 
pendent upon  the  clearance  volume  and  the  ratio  of  the 
discharge  to  the  suction  pressure.  The  ratio  of  the  air 
drawn  into  the  cylinder  per  stroke  to  the  volume  of  the 
piston  displacement  is  called  the  volumetric  efficiency  of 
the  compressor.  In  Fig.  3  this  ratio  is  approximately 
DP  -=-  DE.  Mathematically  expressed  the  volumetric 
elRciency  is : 


1  —  C 


in  which  C  is  the  clearance  volume  in  terras  of  the 
piston  displacement  and  the  rest  of  the  notation  has  the 
same  meaning  as  in  the  previous  formula. 

Fig.  2  is  for  the  purpose  of  solving  this  formula.  'Yhe 
method  of  using  it  is  self-evident,  but  to  make  it  perfectly 
clear  the  following  example  will  be  solved. 

Given:  Clearance  volume  C  =  0.02  of  piston  displace- 
ment ;  Pj  =  14.7  lb.  abs. ;  P^  =  75  lb.  abs. 

Required :  The  volumetric  efficiency. 

Solution :  Starting  on  the  left-hand  side  of  the  diagram 
at  0.020  go  in  a  horizontal  direction  to  a  point  between 
the  two  diagonal  lines  labeled  5  and  6  respectively,  or  to 
be  exact  to  a  point  representing  the  value  of 
P,  -^  Pi  =  75  -^  14.7  =  5.1 
From  there  drop  vertically  down  to  the  answer  on  scale 
A,  which  for  this  case  is  0.950. 

To  make  the  diagram  applicable  to  problems  in  which 
n  has  a  value  other  than  1.30  the  scale  B  has  been  placed 
on  the  diagram.    This  is  equal  to  1  —  scale  A,  or  to 


-m- 


To  solve  problems  similar  to  the  above  when  n  has  a 
value  other  than  1.30  proceed  in  exactly  the  same  man- 
ner except  that  the  result  is  read  on  scale  B.    Then  multi- 

TABLE    2.     FACTORS   BY   WHICH    TO   MULTIPLY    SCALE    1^ 
IN  FIG.   2  WHEN  n  HAS  A  VALUE  OTHER  THAN  1.30 
Values   of  the   Ratio   Pj    -=-    Pi 
n  1.5  2  3  4  5  6  7  8  9  10 

1.20  1.097  1.112  1.132  1.150  1.162  1.169  1.17S  1.1S7  1.192  1.196. 
1.25  1.041  1.064  1.070  1.077  1.080  1.082  1.088  1.091  1.093  1.095 
1.35  0.969  0.950  0.941  0.936  0.932  0.929  0.927  0.926  0.924  0.922 
1.40     0.918    0.907    0.892    0.SS6    0.880   0.872   0.866   0.S64   0.860   0.857 

ply  this  by  the  proper  factor  from  Table  2  and  subtract 
the  result  from  1,  giving  the  desired  volumetric  efficiency. 

As  a  last  example  involving  the  use  of  both  chart  j,  take- 
the  following  problem :  A  single-stage  compressor  is  de- 
sired which  will  compress  2000  cu.ft.  of  free  air  per  min. 
from  a  pressure  of  14.7  lb.  abs.  to  a  pressure  of  70  lb. 
abs.  Wliat  should  be  the  piston  displacement  per  minute,, 
and  what  should  be  the  indicated  horsepower  of  t.ie  en- 
gine, assuming  a  mechanical  efficiency  of  85  per  cent. 

Solution:  From  Fig.  1  the  power  absorbed  in  the  cyl- 
inder by  the  air  is  238  hp.    Then 

238  -^  0.85  =  280 
as  the  indicated  horsepower  of  the  driving  engin?. 

From  Fig.  2  the  volumetric  efficiency  is  found  to  be 


August  IS,  19 U 


POWER 


235 


(assiuning  a  clearance  of  2  per  cent.)   0.954.     Dividing 
2000  by  0.954  gives  2096  cu.ft. 

To  allow  for  leakage  past  the  piston  back  through  the 
discharge  valves,  for  effect  of  rise  in  temperature  during 
the  suction  stroke,  etc.,  this  quantity  should  be  increased 
by  from  3  to  8  per  cent.  Therefore,  assuming  the  loss 
due  to  these  causes  to  he  5  pev  cent.,  the  required  i:.istorL 
displacement  becomes 

1.05   X   2096  =  2200.8  ni.ff.  per  miii. 


nected  with  the  combustion  chambers  were  inspected 
in  order  to  determine  a  basis  for  comparison  between  the 
effect  of  the  two  fuels.  It  was  then  subjected  to  a  14-1- 
hr.  continuous  run  at  full  load  with  fuel  shipped  by  the 
pcrchaser  from  California  to  the  manufacturer's  works. 
At  the  completion  of  this  run  the  combustion  chambers 
were  again  examined,  and  as  no  evidence  of  deposits  on 
the  heads,  valves  or  pistons  were  found,  the  engine  was 
accejited  and  is  now  en  route  to  the  Islands. 


ILm^ir^emt   Oae^ell    Esa^nEae   B^SM  aim 

The  accomjianying  photograph  shows  the  largest  Diesel 
engine  constructed  to  date  in  this  country.  It  was  built 
by  the  Lyons  Atlas  Co.,  of  Indianapolis,  for  the  Hawaiian 
Commercial  &  Sugar  Co.,  to  supersede  one  of  their  steam 
plants  for  irrigation  purposes.  It  has  four  cylinders, 
21x30  in.,  is  rated  normally  at  600  hf).,  or  690  hp.  maxi- 
mum, and  will  drive  a  two-stage  turbine  pump  of  15,- 
(1110,000  gal.  capacity  at  200-ft.  head. 

The  conditions  covering  the  acceptance  of  the  engine 
were  severe.  The  purchaser  insisted  that  the  engine 
should  operate  continuously  710  hr.  out  of  each  720  hr. 
per  month  at  rated  load,  using  the  ordinary  14°  to  18° 
asphaltum  base  California  fuel  oil,  similar  to  that  used 
in  the  purchaser's  steam  plant,  and  which  is  the  only 
grade  available  on  the  Islands. 

The  test  was  conducted  bj-  the  chief  engineer  of  the 
Hawaiian  Commercial  &  Stigar  Co.,  and  the  engine  was 
given  a  preliminary,  continuous  run  of  48  hours  with 
Eastern    paraffin-base    fuel,    after   which    all    parts    con- 


Moips©   SsimoIS^©    CoEas'vuiinaes' 

The  most  active  cause  of  smoke  when  using  soft  coal 
in  boiler  furnaces  is  the  rapid  distillation  of  volatile  from 
the  new  coal  when  first  thrown  on  the  incandescent  or 
nearly  incandescent  fuel  bed.     During  this  time  of  rapid 
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distillation  the  supply  of  air  or  oxygen  should  be  greater 
than  normal,  and,  if  hot.  will  produce  better  results,  be- 
cause there  is  quite  a  drop  in  furnace  temperature 
when  a  hot  bed  is  covered  with  new  and  cold  fuel 
and  cold  air  from  the  room  rushes  in  through  the  fire 
door. 

The  smoke  consumer  marketed  by  the  R.  F.  Morse 
Co.,  Providence,  R.  I.,  has  been  designed  to  automatically 
furnish  the  increased  oxygen  at  a  temperature  much 
liigher  than  that  of  the  room  air,  and  also  to  retard  the 
ilow  of  gases  from  the  fuel  bed  sufficiently  to  allow  them 
to  burn  before  reaching  the  ilue  and  stack. 

These  effects  are  produced  by  two  steam  jets,  both 
being  projected  from  a  nozzle  at  the  front  of  the  furnace, 
one  so  that  it  is  over  the  fuel  bed,  the  other  being  i)ro- 


jected  at  a  sharp  angle,  so  that  it  forms  a  curtain  on 
the  inside  of  the  furnace  at  the  fire-door  opening.  The 
latter  curtain  tends  to  reduce  the  amount  of  cold  air 
admitted  into  the  furnace  through  the  fire  door,  and  also 
furnishes  air  or  oxygen  at  a  temperature  above  that  of 
the  room.  Besides  furnishing  heated  air  or  oxygen,  the 
top  curtain  tends  to  retard  the  flow  of  gases  from  the 
furnace.  When  the  fire  door  is  open,  preparatory  to 
charging  the  furnace,  both  jets  are  automatically  turned 
on,  and,  when  closed,  the  jets  are  slowly  shut  off.  The 
back  of  the  fire  door  is  provided  with  a  heater  for  warm- 
ing the  air  admitted  to  the  furnace  at  tliis  point.  The 
device  may  be  attached  to  any  horizontal  boiler  furnace 
without  dismantling  the  furnace  or  shutting  down  the 
l)oiler. 
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SYNOPSIS — The  classification  and  uses  of  automatic 
and  non-automatic  boosters,  and  descriptions  of  the 
shunt,  series,  compound  and  differential   types. 

The  function  of  the  booster,  as  implied  in  its  name, 
is  to  raise  or  boost  the  voltage  of  electrical  circuits.  The 
machine  is  simply  a  direct-current  generator  with  the 
armature  and  field  windings  so  arranged  as  to  adapt  it 
to  the  particular  service  for  which  it  is  used.  On  many 
svstems  conditions  exist  sui'li  that  it  is  necessary  at  times 


before  they  will  change  their  polarity.  In  the  latter  class 
can  be  grouped  the  shunt,  series  and  compound  machines, 
while  the  automatic  class  includes  the  deferential  and 
exciter-controlled  types. 

SiirxT   Tyi'K 

This  form  has  one  field  coil  connected  either  across 
the  station  busbars,  the  battery  or  the  booster  itself. 
As  is  usual  with  shunt-wound  machines,  a  rheostat  is 
placed  in  the  field  circuit  for  regulating  the  excitation. 
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Fig.  1.   Shunt  Booster 
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Fig.  3.    Series  Booster 


to  raise  the  voltage  on  certain  circuits,  either  to  com- 
pensate for  line  drop  or  to  overcome  an  opposing  pres- 
sure, as  in  charging  or  discharging  a  storage  battery. 
The  booster  is  used  for  both  of  these  purposes,  but  its 
most  extensive  application  is  in  connection  with  storage- 
battery  installations,  wherein  it  renders  possible  a  broad 
range  of  flexibility. 

The  various  types  of  boosters  can,  in  general,  be 
classified  under  two  headings,  namely,  the  automatic  or 
reversible  class  and  the  nonautomatic  or  irreversible 
class.  The  automatic  machines  are  those  which  charge 
or  reverse  their  action,  without  external  assistance,  from 
adding  their  voltage  to  the  station  pressure  for  battery 
charging,  to  opposing  the  station  voltage  and  assisting 
the  battery  to  discharge.  In  the  nonautomatic  group 
belong  those  which  cannot  be  reversed  at  all  and  those 
which  require  the  throwing  over  of  a  reversing  switch 


Fig.  1  shows  a  diagram  of  connections  commonly  used 
for  machines  of  this  type.  In  charging,  the  single-pole, 
double-throw  switch  is  thrown  downward,  and  the  charg- 
ing current  may  be  regulated  to  any  desired  value  by 
the  booster  field  rheostat.  By  placing  a  reversing  switch 
in  the  booster  field  circuit,  the  polarity  can  be  reversed, 
enabling  the  machine  to  assist  the  battery  on  discharge 
when  its  voltage  has  fallen  to  a  "value  nearly  equal  to  or 
below  that  of  the  station  busbars.  By  the  use  of  end 
cells  the  battery  can  be  discharged  without  assistance 
from  the  booster.  No  end  cells  are  necessary,  however 
if  the  booster  is  used  during  discharge.  AAHiere  the 
machine  is  used  for  both  charging  and  discharging  it 
must  be  run  continuously  during  both  periods.  If  the 
booster  is  to  be  used  on  discharge,  it  must  be  of  a  larger 
construction  than  otherwise,  because  of  the  much  heavier 
current  passing  on  discharge  than  on  chav*e. 
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Tlie  shunt  booster  is  hand-operated  and  nonautomatic, 
lience  it  must  be  constantly  watched  in  order  to  provide 
the  adjustments  necessary  to  compensate  for  the  grad- 
ually  rising  or  falling  l)attery   voltage. 

Series  Type 

This  machine,  like  the  shunt  type,  has  but  one  field 
coil,  which  is  in  series  with  the  armature,  as  shown  in 
Fig.  2.     In  the  case  illustrated,  tiie  machine  is  used  in 
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c(jnnection  with  a  long  railway  feeder.  At  distant  points 
on  such  feeders  the  voltage,  unless  raised  by  some  means 
at  the  station  end,  is  lower  than  that  of  the  busbars,  es- 
pecially during  heavy  loads,  on  account  of  the  loss  of 
pressure  due  to  line  drop.  This  difficulty  could  be  ob- 
viated by  the  installation  of  a  larger  copper  cross-sec- 
tion. Init  in  many  cases  it  is  more  economical  to  use  a 
l)oostcr.  Where  a  series  machine  is  used,  the  full  cur- 
rent of  the  feeder  passes  through  the  field  coil  of  the 
booster,  and  as  the  load  on  the  feeder,  and  the  conse- 
quent line  drop,  increases,  the  voltage  of  the  booster  will 
rise  proportionately,  thus  compensating  for  the  line  drop 
and  maintaining  a  constant  pressure  at  the  distant  points 
iin  the  feeder. 

Co.Mi'orNi)  Type 

The  connections  for  this  type  are  shown  in  Fig.  3. 
The  field  winding  is  made  up  of  two  sets  of  coils,  one  in 
iSeries  with  the  armature  and  load  and  the  other  shunted 
across  the  station  busbars.  By  virtue  of  its  two  sets  of 
windings,  this  machine  can  be  made  to  act  automatically 
iiiidci'  certain  conditions.  It  is  generally  classed  as  n 
nonautomatic  machine,  however,  since  there  are  times 
when  it  is  necessary  to  throw  over  the  shunt  field  re- 
versing switch  to  secure  the  proper  polarity.  When 
tlic  machine  is  acting  automatically,  the  liattery  can  float 
on  the  line.  I'nder  such  a  condition,  the  shunt  coil  is 
made  to  jjroduce  a  ]ircssure  in  the  booster,  tending  to 
assist  the  battery  to  discharge.  The  series  coil  is  wound 
in  such  a  direction  that  it  assists  the  action  of  the  sliuiil 
coil  on  discharge  and  opposes  it  on  charge. 

Inasmuch  as  the  tendency  of  both  windings  is  to  cause 
the  booster  to  assist  the  battery  on  discharge,  the  bat- 
tery will  at  once  take  i)art  of  the  station  load  whenever 
the  demand  becomes  so  great  as  to  reduce  the  busi)ar 
voltage  below  the  value  of  the  battery  pressure  plus  that 
!)f  the  booster.  Now  the  voltage  at  the  booster  terminals, 
as  induced  by  the  series  coil,  will  vary  with  the  strengtii 


of  the  current  flowing  through  the  latter.  Consequently, 
as  the  load  on  the  battery  increases,  the  booster  voltage 
will  rise  accordingly,  helping  the  battery  to  meet  its 
demand  and  thereby  maintain  the  voltage  on  the  bus- 
bars. As  the  station  load  falls  off,  the  busbar  voltage 
will  gradually  rise  until  it  becomes  equal  to  the  com- 
bined pressures  of  the  battery  and  the  booster,  thus 
counterbalancing  the  latter.  During  this  state  of  equi- 
librium   no    current    will    flow    either    wav    through    the 
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Fig.  4.    Differential  Booster  with  One  Series  and 
One   Shint   Coil 

bat  eery.  However,  as  the  station  load  is  still  further 
reduced,  the  busljar  voltage  will  rise  higher,  with  the 
result  that  the  equilibrium  between  the  battery  and  the 
busbars  is  overcome  and  a  charging  current  begins  to 
flow  into  the  battery.  The  series  winding  will  now  op- 
pose the  shunt  and  tend  to  remove  the  opposition  of  the 
booster  pressure  to  the  charging  current. 

The  charging  and  discharging  are  for  the  most  part 
automatic.  However,  owing  to  irregularities  in  the  loads, 
it  may  be  necessary  at  times  to  vaiT  the  excitation  cur- 
rent in  the  shunt  coil,  or  even  to  reverse  it.     A  reversal 
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Fiii.  ■").    Diffkhentiai.  Booster  with  Two  Series  Cons 

is  necessary  when  it  is  desired  to  cause  the  shunt  coil 
to  assist  the  Ijusiiar  pressure  in  charging  the  battery  in- 
stead of  o))|)osing  it  as  at  normal.  A  reversing  switch  is 
provided   in   the  slnml   circuit    for  this  jiurpose. 

DiFFKRENTIAl,    TvPE 

This  type  is  of  the  automatic  class  and  exists  in  sev- 
eral  forms,  one  of  which  is  shown  in  Fig.  4.     'J'his  ma- 
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diiiie  has  a  winding  in  series  with  one  side  of  tlie  station 
load.  In  addition  to  the  series  winding  is  a  shunt  coil 
connected  across  the  battery.  The  latter  winding  is  so 
wound  as  to  produce  a  pressure  in  the  same  direction  as 
that  of  the  busbars,  whereas  the  series  winding  tends  to 
oppose  the  latter.  On  heavy  loads,  therefore,  the  series 
winding  overpowers  the  shunt  and  causes  the  booster 
voltage  to  rise  to  a  value  which  enables  the  battery  to 
discharge  and  take  part  of  the  load.  On  light  loads,  the 
shunt  winding  overpowers  the  series,  with  the  result  that 
a  charging  current  begins  to  flow  into  the  battery. 

The  differential  booster  as  most  generally  used  is 
shown  diagrammatically  in  Fig.  5,  where  iS  is  a  shunt 
coil  which  tends  to  cause  the  booster  to  act  with  the 
main  pressure  and  send  a  charging  current  into  the  bat- 
terv ;  Ci  and  C.^  are  series  coils  acting  in  opposition  to 
the  shunt  coil.  By  the  arrangement  of  the  series  coils, 
it  will  be  seen  that  C^  at  all  times  carries  the  total  load 
current  flowing  from  the  main  supply  source  only,  while 
the  coil  0-2  carries  the  total  external  load,  including  the 
part  supplied  by  the  battery.  During  periods  of  heavy 
load,  therefore,  the  field  produced  by  the  coils  (\  and 
Ca,  which  coils  act  in  the  same  direction,  will  overpower 


that  of  the  shunt  winding,  thereby  causing  the  booster 
to  oppose  the  station  voltage  and  assist  the  battery  to 
discharge.  As  the  load  falls  off,  coils  C\  and  CV,  become 
less  active  until  a  point  is  reached  where  the  battery 
neither  charges  nor  discharges.  Below  this  point,  the 
shunt  coil  overcomes  the  action  of  the  series  coils,  with 
the  result  that  a  charging  current  begins  to  flow  into 
the  battery.  The  action  is  similar  to  that  shown  in  Fig. 
4,  except  that  in  the  machine  of  Fig.  5  a  more  stable 
equilibrium  is  given  to  systems  with  rapidly  fluctuating 
and  widely  variable  loads.  This  is  because  coil  Ci,  pro- 
ducing a  voltage  opposite  to  that  of  the  main  busbars, 
tends  to  prevent  a  heavy  current  from  flowing  into  the 
battery  in  case  the  voltage  of  the  latter  has  been  much 
reduced  by  a  long-continued  discharge.  On  the  other 
hand,  the  coil  C^  renders  a  greater  impetus  to  a  discharge 
of  the  battery  under  a  sudden  heavy  external  load,  thus 
relieving  the  station  busbars  from  the  necessity  of  taking 
all  of  the  load  and  losing  part  of  their  pressure  in  con- 
sequence. By  performing  these  functions,  the  coil  (', 
tends  to  keep  a  more  nearly  constant  load  on  the  station 
busbars  than  would  otherwise  be  maintained. 
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SYSOPSIS — Data  on  an  office-building  plant  covering 
the  cost  of  current,  heating  and  elevator  service.  Results 
of  a  special  test  to  determine  the  coal  taken  by  the  ele- 
vators. 

m 

A  certain  office  building  in  Chicago,  which  is  72x150 
ft.  in  plan  by  16  stories  high,  was  equipped  with  four 
return-tubular,  hand-fired  boilers  60  in.  by  17  ft.  Each 
was  provided  with  a  shaking  grate  having  25  sq.ft.  of 
surface.  Illinois  Carterville  washed  nut  coal  was  burned. 
The  draft  at  the  stack  was  0.6  in.,  and  0.3  in.  over  the 
fi^re.  Due  to  age,  the  general  condition  of  the  boilers  and 
settings  was  poor  and  each  year  the  working  pressure, 
which  was  90  lb.  gage,  was  in  danger  of  being  reduced 
by  the  city  inspectors. 

A  generating  capacity  of  300  kw.  was  installed.  The 
load  averaged  about  30,000  kw.-br.  per  month,  or  360.000 
kw.-hr.  per  year.  This  was  divided  about  half  and  half 
between  the  building  and  the  tenants,  the  current  being 
sold  to  the  latter  at  7e.  per  kw.-hr.  The  building  was 
heated  by  30,000  sq.ft.  of  radiation. 

Four  hydraulic  passenger  elevators,  each  having  a 
capacity  of  2500  lb.,  served  the  building,  two  running 
to  the  sixteenth  and  two  to  the  thirteenth  floor.  The 
elevator  pumps  eonsi.sted  of  a  14,  22  and  11  by  18-in.  du- 
plex and  two  smaller  pumps  having  a  combined  capacity 
about  equal  to  the  large  one. 

On  an  average,  262  tons  of  coal  were  burned  per  month, 
or  3144  tons  per  year.  At  $2.65  to  $2.70  per  ton,  the 
coal  bill  amounted  to  about  $9000  per  year.  For  lal)or, 
the  annual  expenditure  was  $6950,  made  tip  of  wages  to  a 
chief  engineer,  three  assistant  engineers,  three  firemen 
and  one  oiler.  The  total  operating  expenses  for  an  aver- 
age year,  as  taken  from  the  log,  is  given  in  Table  1. 


TABLE  1.  OPERATIN'G  COST  PER  YEAR 


Coal 

Wages. 
Supplies . 
Repairs-  . 


$9,01)0 

e,9.5l) 

1)00 

1,000 

Total $17,550 

Allowing  100  lb.  of  coal  j)er  square  foot  of  radiating 
surface  per  season,  tiie  heating  system  would  require,  if 
run  independently, 

30,000  X  100 


2000 


1500  fans 


Tills  is  practically  half  the  coal,  and  from  a  fuel  basis 
alone,  would  mean  13c.  per  sq.ft.  of  radiation.  There 
are  other  charges,  such  as  laljor,  upkeep,  etc.,  of  which 
the  heating  system  should  bear  its  share.  Taking  25c. 
per  sq.ft.  as  a  fair  rate  (it  would  be  more  than  this  if 
obtained  from  a  central  heating  plant),  the  charge 
against  the  heating  system  would  be  $7500. 

It  was  proved  by  test  that  the  elevators  were  responsil)le 
for  35  per  cent,  of  the  coal  consumption,  and  taking  this 
percentage  of  the  total  expense,  the  annual  charge  against 
the  elevators  is  $6142.50.  Deducting  this  amount  and 
the  charge  for  heating  from  tiie  total  leaves 

$17,5,50  —    ($7500   +  $6142.50)    =  $3907.50 
as   the  charge   against  the   generation   of  current.     Per 
kilowatt-hour,  this  reduces  to 

3907.50  -^  360,000  =  1.085c. 
The  plant  should  then  be  credited  as  indicated  in  Table  2. 

TABLE  2.     CREDITS  TO  PLANT 


180,000  kw.-hr.  at  1.085c 

180.000  kw.-hr.  at  7e 

30,000  sq.ft.  radiation  at  25c. 
Elevators,  35  %  annual  expense . 


$1953.00 
12,600.00 
7,500  00 
6,142  50 


Total    $28,195.50 

This  gives  a  profit  to  the  plant  of 

$28,195.50  —  $17,550  =  $10,645.50 
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Taking  it  another  way,  the  cost  of  current  to  the  tenants 
might  be  deducted  from  the  total  expense,  and  the  charge 
to  the  different  departments  lessened  in  their  proper 
proportion. 

Due  to  the  condition  of  the  boilers,  it  was  a  question 
whether  to  reduce  the  pressure  and  use  them  for  heating, 
change  the  elevators  from  hydraulic  to  electric  and  use 
])urchased  current,  or  to  install  new  boilers.  To  deter- 
mine this  point,  a  day  was  set  aside  to  test  the  elevator 


for  the  purpose,  and  measuring  the  length  of  stroke  to 
obtain  the  average.  The  coal  and  water  fed  to  the  boiler 
were  weighed.  The  evaporation  of  water  per  pound  of 
coal  as  fired  was  5.17  lb.,  or  about  6  lb.  from  and  at  212 
deg.  Ordinarily,  better  results  were  obtained,  but  during 
the  test  a  100-hp.  boiler  was  carrying  on  an  average  only 
65  hp.,  whereas  it  had  been  the  practice  to  operate  the 
boilers  at  30  per  cent,  overload.  In  Table  3  is  given  for 
each  hour  the  car-mileage,  the  cost  of  coal  and  the  cost 


TABLE  3.     COST  OF  CO.\L  PER  CAR  MILE 


Time 

...        7-S 

8-9 

9-10 

10-11 

11-12 

12-1 

1-2 

Car  mileaee.    .  . 

1.22 

3.52 

5 

4.  86 

4.79 

4  50 

5.33 

Coal  per  hr  ,  lb .  . . 

.  .      315 

360 

390 

330 

390 

320 

390 

Cost  of  coal,  c 

42.05 

48.06 

52.06 

44.05 

.52.06 

42.72 

52  06 

Cost  per  car  mile,  c .  .  . 

.  .   34.47 

13.65 

10.41 

9.06 

10.87 

9.37 

9.76 

4.86       4.45        5.04        4.25  2  75 

395         400         310         390  305 

.52  73  S3  40  41. 3S  52  06  40  72 

10.85  12  8  21  12  25  14  81 


7-8  8-9  9-10  10-11  11-12 

1.99  1  86   1.40  1.08   0.53 

300  295    125  125     50 

40  05  39  38  16  69  16.69   6  67 

20  12  21  17  11.92  15.45  12.59 


plant  and  learn  as  closely  as  possible  the  amount  of  coal 
required,  the  volume  of  water  pumped,  the  passengers 
carried,  the  horsepower  developed  and  the  cost  per  car- 
mile  for  coal.  The  test  was  started  at  7  a.m.,  and  con- 
tinued until  midnight.  The  results  are  plotted  in  the 
accompanying  chart. 

One  boiler  was  designated  to   supply  the  steam,  and 
the  large  duplex  pump  was  used.     The  usual  operating 


per  car-mile.  In  the  chart  number  of  passengers  should 
be  read  at  the  end  of  each  15-min.  period,  btit  the  other 
items,  such  as  coal  and  water,  were  plotted  in  hourly 
quantities,  so  that  the  reading  from  the  curves  should  be 
taken  at  the  end  of  eacli  hour. 

As  given  in  Table  3,  the  car-miles  for  the  17  hr.  per 
day  which  the  cars  were  run,  totals  57.41 ;  on  some  days 
the  mileage  was  greater.     During  the  year  in  which  the 
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10 


11 


12 


Noon 

'  '     '     ■       Number   of  possengers  up. 

* — ■"-  Number  of  passengers  dovv'n. 

Gallon*  of  y^a^r  pumped  per  hour 


Pounds  of  coal  burned  per  hou 


Horsepower  per  hour  from  foot-pounds  wafer  pumped 
Horsepower  per  hour  from  water  evaporoted  in  boiler. 
Horsepower  per  hour  from  indicator  diagram  from  steam  cylinders. 


Chart  Siiowixo  Opkratixg  Tkst  of  IOi.kvator 


pressures  and  scjieiluli-  of  niiining  were  followed.  Tlie 
boiler  pressure  was  !)0  lb.  gage,  and  tlie  pump  worked 
with  an  initial  steam  pressure  of  73  to  75  lb,  against  a 
back  pressure  of  2^^  lb.  The  water  pressure  was  150  lb. 
Xo.  3  elevator  was  operated  from  7  a.m.  to  midnight.  No. 
2  from  7:30  a.m.  to  (i  :30  p.m.  and  from  7:50  p.m.  to 
9.28  p.m..  No.  1  from  H:38  a.m.  to  «  p.m.,  and  No.  4 
from  9:10  a.m.  to  5  p.m.  The  number  of  passengers  up 
and  down  was  recorded  every  15  min.  'i'he  gallons  of 
water  pumped  were  obtained  by  recording  the  number  of 
strokes  of  tiie  pump,   a  special   counter  being  filled   up 


test  was  made  the  total  mileage  was  25,032.  The  cost  for 
coal  averaged  l.i.iKc.  i)er  car-mile.  In  the  morning, 
when  the  load  was  light  and  the  trips  less  frequent,  it 
ran  as  high  as  34.47c.  and  during  the  peak  load  at  5 
p.m.  i(  drojiped  to  8.21c.  The  average  cost  for  the  nine 
busiest  hours,  II  a.m.  to  (!  ji.m.,  was  10.31c,  per  car-mile. 
.As  stated,  the  elevators  are  responsii)le  for  35  per  cent, 
of  the  coal.  The  annual  cost  was  ■$i)000  and  tlie  above 
percentage  of  this  is  $31.50.  Dividing  by  the  mileage 
)ier  year  gives  12.3c.  per  car-mil(>.  If  35  per  cent,  of  the 
entire  operating  coat  of  the  plant   were  charged  to  the 
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elevators,  ilie  rate  would  be  nearly  24c.  per  car-mile.  This 
includes  the  upkeep  of  the  cars,  except  cabling,  but  not 
the  wages  of  tlie  elevator  operators. 

It  may  be  of  interest  that  as  a  result  of  the  test  two 
new  130-hp.  boilers  were  installed  to  take  the  place  of  tlie 
old  boiler  plant.  With  the  same  electric  load  and  an  in- 
crease in  the  elevator  load,  a  saving  of  23  per  cent,  in  the 
coal  bill  was  effected  the  first  vear. 


together  at  the  corners,  and  is  about  13  ft.  long  aud  IS 
iji.  wide.  The  8x22-in.  cylinder  is  not  lagged  to  retain 
its  heat.  The  valve  chest  containing  the  simple  D-valve 
is  bolted  to  the  top  of  the  cylinder.  The  2-in.  steel  piston 
red  is  keyed  to  a  cast-iron  crosshead.  the  shoes  of  which 


By  E.  H.  rORTEK 

The  oldest  steam  engine  in  use  in  central  Iowa,  and 
perhaps  in  the  state,  is  owned  and  used  by  the  Madrid 
Milling  Co.,  Madrid,  Iowa.  It  was  hauled  by  wagon 
from  Keokuk  to  a  place  a  few  miles  north  of  Madrid  in 
1855,  and  ran  a  sawmill.  In  1868,  the  engine  was 
brought  to  Madrid  and  operated  in  a  grist  and  sawmill. 
AVhen  it  came  into  the  hands  of  the  present  owners  it 
ran  a  flouring  mill. 

The  old  engine  has  been  in  constant  operation  since 
its  arrival  in  the  state  and  has  outlived  four  boilers.  To 
see  it  running  today,  one  would  hardly  realize  it  has  al- 
most 60  years  of  service  to  its  credit.  There  is  no  name- 
plate  or  mark  by  which  to  identify  the  manufacturer.  As 
to  its  steam  economy,  there  is  nothing  to  say. 

The  cast-iron   bed   is   made   in    four   sections,    bolted 
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•^O  1 1>.  Springs 


PovvE-R 

crank  end 
Fig.  2.    Diagisajis  Takex  from  Exgine 

are  of  hickory  and  have  to  be  replaced  about  every  two 
cr  three  months.  Originally,  the  valve  rod  was  of  one 
piece,  but  oaring  to  the  cutting  of  the  packing  a 
knuckle   Joint  was   used. 

One  of  the  interesting  features  of  this  old  engine  is 
the  attachment  of  the  eccentric  rod  to  the  rocker-arm, 


Fig.  1.    Engixe  with  59  Years  of  Service  to  Its  Credit 
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the  connection  being  the  same  as  that  on  some  of  the 
early  Corliss  engines  to  connect  the  reach  rod  to  the 
v.-rist  plate,  having  onl}'  a  slot  in  the  arm.  On  the 
rocker-arm  is  a  lever  A,  Fig.  1,  about  2  in.  in  diameter 
and  18  in.  long,  which  was  used  to  work  the  valve  and 
free  the  cylinder  of  water  before  the  drain  connections 
were  put  on. 

The  5-in.  crankshaft  is  of  cast  iron  and  about  5  ft. 
long.  No  evidence  of  being  trued  up  in  any  way  is  shown 
on  the  cast-iron  flywheel. 


Two  diagrams,  Fig.  3,  were  taken  from  the  head  and 
crank  ends,  respectively,  as  the  engine  was  running  in 
the  summer  of  1012.  The  indicator  was  attached  to  the 
cylinder  through  the  drain-cock  openings  and  the  peak 
at  B  was  due  to  a  slug  of  water  coming  into  the  indi- 
cator; the  diagrams  tigure  13  i.hp.  at  105  r.p.m. 

The  engine  is  throttle  governed,  steam  being  supplied 
by  a  3-in.  main,  and  the  e.xhaust  is  4  in.  in  diameter. 
The  governor,  lubricator  and  grease  cups  are  moderr 
additions  to  the  engine. 
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SYNOPSIS — .4  practical  article  dealing  with  the  testing 
and  adjustment  of  the  Bourdon-type  pressure  gage.  Tells 
how  to  construct  a  testing  outfit  from  fittings  found  in. 
the  stock  room  of  almost  any  plant.  Test  for  correct  read- 
ings at  all  pressures;  what  to  do  when  a  gage  registers 
uniformly  high  or  low.  Correcting  a  gage  in  which  the 
error  increases  as  the  pressure  becomes  greater.  Taking 
up  lost  motion.    Befinishing  the  fo'-e  of  the  dial. 

Testing  and  adjusting  the  dial  pressure  gage  for  ac- 
curacy is  a  frequent  necessity.  A  suitable  testing  ap- 
paratus is  another  necessity  which  many  plants  do  not 
possess.  In  Fig.  1  a  home-made  device  is  shown  which 
will  answer  all  requirements;  it  is  not  so  elaborate  as 
many  of  the  higher-priced  arrangements,  yet  any  ordinary 
gage  can  be  carefully  set  and  adjusted  with  it.  Ordinarily, 
the  only  part  which  need  be  purchased  is  the  adjusting 
or  monitor  gage  .1.  The  barrel  or  pressure  cylinder  of 
the  device  is  simply  a  piece  of  2-  or  3-in.  pipe  bored 
out  with  a  cut  sufficiently  fine  and  clean  to  enable  the 
piston  leather  to  hold  the  oil  as  it  is  compressed  by  the 
screw  to  register  the  pressures  on  tlic  gages.  The  rest 
of  the  apparatus  is,  for  the  most  part,  simply  Y^-in.  pipe 
fittings,  all  of  which  are  a  part  of  any  plant's  repair 
slock. 

As  the  majority  of  gages  now  used  ai'c  of  the  Bourdon- 
tube  type,  tlie  following  description  applies  to  such  gages. 
The  provisions  for  adjustment  on  any  type  of  gage, 
however,  are  much  the  same,  all  princijilcs  of  operation 
being  practically  alike: 

Assume  that  we  have  a  gage  for  test  and  com- 
parison with  the  monitor  gage  of  the  testing  device.  If 
the  pressure  registers  the  same  at  all  graduations 
and  the  hand  of  the  gage  under  test  is  sensitive  to  all 
slight  movements  of  the  ram  spindle,  we  need  go  no 
further.  A  common  defect  is  to  have  tiie  gage  under  test 
continually  show  an  excess  in  registered  pressure  over 
that  of  the  monitor.  If  this  excess  is  constant  at  all 
pressures,  a  resetting  of  the  lumd  i«  all  that  is  Ticcdcd 
to  correct  the  gage  for  use  again. 

'J'ake  a  case  where  the  gage  is  so  (U'l'cctive  tliat  it  may 
require  not  a  little  experimenting  and  adjustment  to  make 
it  register  perfectly  at  all  points  on  tlic  dial.  Suppose 
the  gage  shows  this  defect,  that  at  10,  20  and  even  30 
lb.  resistance  against  the  plunger,  it  registers  perfectly 
witli  tlie  graduations  on  the  monitor  gage,  but  at  40 
11).  reads  a  trifle  in  excess  of  what  it  should,  say, 
2  or  3  lb.     At  "lO  the  hand  mav  be  in  ailvjincc  to  an  oitdi- 


of  5  lb.  The  writer  has  adjusted  gages  which  at  150  lb. 
showed  as  much  as  20  lb.  in  excess  of  the  pressure  shown 
at  that  point  by  the  monitor.  This  action  plainly  shows 
that  the  hand  is  traveling  too  far  for  the  corresponding 
amount  of  expansion  of  the  pressure  or  expansion  tubes 


Fie.2 
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of  the  gage  as  the  jilimgcr   increases  the  anioinit  of  re- 
sistance within  IhcMi. 

Fig.  2  is  a  sketch  of  the  gcnt'ral  interior  of  tlie  avci-age 
gage,  but  the  provisiim  for  adjusting  and  correcting  llic 
above  defect  can  be  moi'o  clearly  understood  by  reference 
to  Fig.  3.  The  pull  rod  A  is  attached  to  the  lower  end 
of  the  gear  segment  through  the  small  slide  B.  The 
screw  C  allows  the  sliih;  to  work  up  and  down  on  tin' 
body  of  the  segment.  This  brings  the  point  of  pull  fnr- 
tbi'r  away  from  or  closer  to  the  point  of  jiivot. 
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The  object  of  this  provision  may  be  understood  more 
clearly  ])erhaps  by  reference  to  Fig.  i.  We  have  a  strip 
of  Mood  through  which  we  place  a  pin  as  an  axis  at  its 
exact  center.  Xow,  if  we  move  tiie  end  A  through  a  space 
of  1  in.,  we  get  a  movement  of  1  in.  at  the  other.  We 
place  the  pin  closer  to  the  end  A  and  again  give  it  a  move- 
ment of  1  in.  This  time  the  free  end  of  the  stick  moves 
much  further.  This  illustrates  the  same  principle  of  the 
purpose  of  the  slide  on  the  segment  of  the  gage.  If  we 
loosen  the  screw  C,  Fig.  3,  and  move  the  slide  up,  we  get 
a  greater  arc  traveled  through  by  tlie  toothed  portion  of 
the  segment.  Moving  the  slide  down  brings  the  point  of 
pull  further  away  from  the  point  of  pivot  and  results  in 
a  lesser  travel  of  the  segment  and  consequently  a  reduced 
amount  of  register  by  the  small  pinion  controlling  the 
gage  hand. 

As  we  cannot  adjust  the  hand  travel  with  the  dial  of 
the  gage  in  place,  we  must  resort  to  other  means  for  keep- 
ing the  register  marks  continually  in  view  during  the 
process  of  correction.  Before  removing  the  dial,  small 
nicks  must  be  made  in  the  thin  edge  of  the  gage  casing, 
directly  above  or  opposite  the  graduations  on  the  dial 
when  the  dial  is  in  place.  The  amount  of  pressure  these 
little  nicks  indicate  is  marked  with  chalk  near  them,  as 
shown  in  Fig.  5.  When  the  dial  is  removed  and  the  hand 
is  temporarily  applied  for  adjustment,  we  have  something 
to  guide  us  as  the  slide  is  moved  up  and  down  to  bring 
the  travel  of  the  hand  to  its  correct  travel  with  the  cor- 
responding  tube   expansion   to   register   correctly   at   all 


matter  to  remove  it;  this  operation  lessens  quivering  of 
the  hand  should  the  gage  be  subject  to  much  vibration. 
The  gage  dial  is  often  subject  to  tlie  effects  of  heat  and 
moisture,  which  in  time  corrode  it.  making  the  face  fig- 
ures sometimes  almost  indistinguishable.  The  paint  or 
enamel  down  in  the  figure  recesses  will  crack  and  fall  out 


Hand 


Showing  Whkre  the   Cask   It 
uuKixci  Test 


Mahked 


from  the  effects  of  heat  and  moisture.  The  gage-dial  face 
is  best  cleaned  with  finely  powdered  glass  and  oil. 

In  retouching  the  figures,  the  following  is  an  excellent 
method:  the  paint  should  be  daubed  thoroughly  into  the 
sunken  portions  of  the  dial,  and  the  surplus  wiped  off 
with  stiff  porous  paper.  The  paper,  being  flat  and  stiff, 
does  not  disturb  the  paint  in  the  figure  recesses,  but  in 
cleaning  the  remainder  of  the  dial  it  leaves  the  gradua- 
tions clear  and  distinct. 


f<-/-'f  Point  of  Pull 

n&.4  FI6.5  ''°'"^"- 

(!a(ie  ilELHAxi.sM,  Showing  Adjcsting  Screw  C  and 
Deilection  ok  Gear  Secment 

graduations.     After  this  has  been  accomplished  the  hand 
is  removed,  the  dial  applied  and  the  hand  reset. 

Lost  motion  caused  by  the  wear  of  the  holes  through 
the  small  connecting  levers  is  another  trouble  which  can  be 
easily  remedied.  These  holes  can  be  closed  a  trifle  with 
the  peen  of  a  small  light  hammer.  A  fine  rat-tail  file 
\rill  enlarge  them  well  enough  to  again  take  the  body  of 
the  tap  screw  with  all  lost  motion  eliminated.  Lost  mo- 
tion has  no  evil  effects  on  the  gage  to  speak  of  if  the  ad- 
justment is  correct,  yet  at  the  same  time  it  is  an  easy 


The  appliance  illustrated  herewith  was  designed  by 
John  C.  White,  who  is  in  charge  of  the  Capitol  Power 
Plant  at  Madison,  Wis.,  for  the  occasional  application  of 
ffrease  to  small  bearings  which  it  is  not  desirable  or  con- 


PoRTABLE    GI'lEASER 


venient  to  equip  with  compression  cups.  The  grease  is 
put  under  pressure  by  screwing  the  plunger  down  upon 
it.  The  grease  holes  of  the  bearings  are  cu]jped  as 
shown  to  receive  the  conical  nozzle.  With  tlie  nozzle  in 
place,  as  in  Fig.  2,  the  hand  is  pressed  upon  the  head  77, 
forcing  the  valve  F  open  against  the  action  of  the  spring, 
and  allowing  grease  to  escape  under  pressure  into  the 
bearing.  In  this  way  grease  may  be  used  with  aU  the 
handiness  and  with  much  more  cleanliness  and  positive- 
ness  of  application  than  oil  with  the  ordinary  can.  It  is 
not  upon  the  market,  nor  even  patented,  and  anybody 
is  free  to  make  and  use  it. 
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Adlasmisoim   Wsift©s'=P®w®s'  Bill 

At  laf;t  (lelinite  action  upon  tlie  water-power  situation 
seems  assured.  Several  bills  pertaining  to  this  sulijec-t 
liave  been  introduced  in  the  present  Congress,  but  their 
shortcomings  have  been  such  as  to  bring  about  their  de- 
feat. Tlie  Adamson  bill,  however,  which  passed  the  House 
of  Representatives  on  Aug.  4,  as  an  amendment  to  the 
■'General  Dams  Act,"  is  now  before  the  Senate,  and  as  it 
is  understood  to  have  the  backing  of  the  administration, 
its  passage  is  looked  for.  In  its  present  form,  it  appears 
to  reasonably  safeguard  the  interests  of  the  public,  at  the 
same  time  maintainiiig  a  fair  attitude  toward  the  power 
companies.  Presumably  the  Senate  will  offer  several 
amendments,  but  in  doing  so  it  is  hoped  that  some  of 
the  loose  provisions  will  be  strengthened  rather  than  any 
of  the  meritorious  features  eliminated.  The  principal 
points  of  the  bill  may  be  summarized  briefly  as  follows: 

There  are  the  usual  provisions  for  safeguarding  navi- 
gation, and  after  a  grant  has  been  made  for  power  devel- 
opment, complete  plans  of  the  project  must  be  submitted 
within  two  years.  The  project  must  then  be  completed 
within  three  years  after  the  plans  have  been  approved 
unless,  for  some  very  good  reason,  an  extension  of  time 
is  granted  by  the  Secretary  of  War.  Also,  it  is  the  duty 
of  the  latter  to  see  that  development  proceeds  as  fa.st 
as  the  demands  of  the  available  market  warrant.  This 
clause,  if  carried  out,  would  effectively  prevent  the  hold- 
ing of  undeveloped  water  jiowers  for  mcuiopolistic  pur- 
poses. 

Grants  under  this  act  would  be  for  a  period  of  50  years, 
at  the  expiration  of  which,  or  any  time  thereafter,  the 
government  could  take  over  the  property  at  a  fair  value, 
taking  into  account  depreciation,  but  excluding  such  in- 
tangibles as  going  concern,  good  will,  fi'anchise  value, 
etc.  In  case  of  dispute  as  to  a  fair  valuation  the  courts 
would  decide. 

At  the  discretion  of  the  Secretary  of  War,  it  may  be 
stipulated  in  the  grant  that  the  grantee  shall  pay  the 
government  an  anniuil  rental,  and  at  the  end  of  20  years 
and  every  10  years  thereafter  the  charges  may  be  read- 
justed. While  the  wi.sdom  of  charging  for  such  ])rivi- 
leges  ha.s  often  been  questioned,  since  they  arc  usually 
jiassed  on  to  the  consumer  in  the  form  of  higher  rates, 
still  it  i.s  well  to  give  the  Secretary  of  War  this  i)ower, 
to  invoke  as  special  conditions  may  w'arrant. 

In  leasing  tlie  use  of  surplus  water  from  dams  con- 
structed by  the  Government  for  purposes  of  navigation, 
preference  is  to  be  accorded  to  municipal  jjrojects  or  other 
corporations  not  o])erated  for  private  profit.  Morco\er. 
it  is  specifically  stated  that  no  rights  under  this  act  shall 
be  owned  or  controlled  by  any  combination  in  the  I'orni 
of  an  unlawful  trust  to  limit  the  output  or  sale  of  elec- 
tricity. Violation  of  this  provision  will  mean  forfeiture 
of  the  grant.  However,  the  Secretary  of  War  may  ap- 
jirove  of  interconneiting  .sy.stems  for  economically  hand- 
ling loads  providing  the  energy  is  properly  accounted 


The  regulation  of  service  and  rates  is  left  to  the  states, 
except  in  the  matter  of  interstate  business  or  where  ade- 
quate state  regulation  is  not  provided;  in  such  cases  this 
duty  falls  upon  the  Secretary  of  War,  who  in  fixing  rates 
shall   not   consider   intangible   values. 

Xone  of  the  pro\isions  of  the  Adamson  bill  are  in- 
tended to  apply  to  any  water-power  grants  on  public 
hinds  of  the  United  States  under  the  jurisdiction  of  the 
Department  of  the  Interior  or  the  Departnu'ut  of  Agri- 
culture. 

Opponents  of  the  bill  argue  that  at  the  end  of  50  years, 
should  the  Government  desire  to  regain  possession  of  a 
water  power,  it  would  have  to  take  over  the  whole  system 
served.  Moreover,  they  point  to  no  provision  for  pub- 
licity of  accounts,  although,  it  is  clearly  specified  that 
all  books  shall  be  open  to  inspection  liy  the  Secretary 
of  War  or  his  duly  authorized  agents. 

While  we  believe  the  Government  should  encourage 
the  chea])  production  of  ])ower,  there  are  several  cases  at 
])resent  in  which  a  large  part  of  the  hydro-electric  energy 
is  sold  to  a  steam-operated  system  and  the  steam  power 
determines  the  price  to  the  consumer.  There  is  apparently 
nothing  in  the  bill  to  prevent  this,  in  which  case  relief 
would  have  to  be  sought  through  the  state  commission.s. 

Although  not  ideal,  we  are  inclined  to  believe  that 
the  merits  of  the  bill  as  it  now  stands  outweigh  its  de- 
feits.  Although  it  might  ajipear  to  place  too  much  power 
in  the  hands  of  the  Secretary  of  War,  yet,  viewed  from 
another  angle,  this  is  desirable  in  that  it  fixes  resjjonsibil- 
ity  and  such  an  official  who  violated  this  confidence  would 
liaxe  to  ai'count  to  the  public. 

CO.— A  Tool 

Manv  engineers  and  firemen  seem  worried  because 
they  think  they  do  not  understand  what  CO2  is.  Thc_\ 
a-e  told  that  it  is  a  gas  consisting  of  one  atom  of  carbo?) 
and  two  nf  oxygen,  but  this  explanation  is  not  enough; 
it  is  Tiof  satisfying.  To  such  men  there  is  a  chemical 
mystery  about  the  whole  thing  which  they  feel  they  should 
understand  to  the  fullest  if  they  are  to  get  the  most  out 
,  rif  a  pound  of  coal. 

The  technical  press,  engineering  organizations,  educa- 
tional work,  conversations  among  powcr-jjlant  men,  all 
have  treated  of  the  gas  CO.  until  it  would  seem  that  the 
relation  of  this  gas  to  boiler-room  practice  was  common 
knowledge  e\<'n  to  coal  ])assers.  In  reality,  however,  the 
ell'ect  of  all  this  published  and  talked-about  matter  ha? 
Ikh'u  to  eonfu  e  many  ()])eratiiig  men,  just  as  one  gets 
confused   trying  to  miss  nothing  at  a  three-ring  circus. 

It  is  no  more  necessary  to  the  best  results  from  t'i(! 
burning  of  coal  in  a  boiler  furmco  that  the  fireman  sh-li 
understand  all  there  is  to  the  chemistiT  of  the  flue 
gases,  than  it  is  essential  for  a  gardener  to  have  a  fli  >r- 
ough  knowledge  of  the  scientific  aspects  of  heat  ind 
light  in  order  to  successfully  grow  plants  or  vegetables 
in  a  hothouse.  When  one  looks  at  a  steam-pressure  gage 
lie  has  in  mind  pressure:  he  does  not  worry  if  the  steaui 
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whose  pressure  is  indicated  or  being  recorded  is  drv  sat- 
urated or  superheated,  or  whether  the  entrained  water  in 
it  is  acid  or  alkaline. 

Pressure  is  the  thing  we  want  to  know  about,  and  o'l 
its  amount  as  conii)ared  with  what  it  should  be  we  can 
locate  troubles  indicated  by  an  increase  or  decrease. 

In  this  case,  we  use  pressure  as  a  tool,  so  to  speak; 
and  that  is  the  way  to  use  CO,  readings  on  the  burette 
of  an  Orsat  or  the  chart  of  a  CO,  recorder.  The  all- 
important  thing  to  know  is  that,  if  the  boiler  can  be 
worked  as  hard  as  desired  and  10  to  15  per  cent.  CO. 
n^aintained  in  the  flue  gases  at  the  uptake,  the  combus- 
tion is  good.  A  man  who  had  made  ever  so  thorough  a 
study  of  chemistry  and  CO,  in  particular  could  get  lit- 
tle or  no  better  results  in  coal  consumption  per  pound 
of  water  evaporated  than  if  he  knew  only  the  above  sim- 
ple fact.  If  the  CO,  readings  are  low — and  readings 
liclow  8  per  cent,  may  be  considered  low — then  the  fur- 
nace is  getting  too  much  or  too  little  air — usually  too 
juuch.  Whether  too  much  or  too  little,  it  is  easy  to  find 
which  it  is,  and  any  man  with  normal  reasoning  power 
and  common  boiler-room  experience  will  soon  ascertain 
why  it  is  too  much  or  too  little.  The  CO,  readings  are 
merely  a  means  to  this  end.  They  tell  him  which  way 
!.e  is  going,  whether  his  firing  and  combustion-control 
methods  are  for  better  or  for  worse,  and  this  is  the  chief 
thing  in  boiler-furnace  practice. 

The  more  a  man  knows  about  boiler  practice  the  better 
use  he  can  make  of  CO,,  and  the  more  he  investigates 
to  find  out  why  CO,  readings  are  high  or  low,  the  better 
he  will  know  liow  to  run  a  boiler. 


In  a  recent  editorial,  tlie  Daytoti  News  questions  the 
wisdom  of  omitting  power  development  in  connection 
with  the  proposed  reservoirs  for  flood  protection  in  the 
Miami  Valley.  An  account  of  the  Wolfelsgrund  Dam  in 
Prussian  Silesia,  printed  in  the  Engineering  Record  for 
May  30  is  cited  as  one  in  which  the  dual  purpose  of  flood 
prevention  and  power  development  are  successfully  com- 
bined. An  editorial  in  the  same  issue  of  the  Engineer- 
ing Record  is  also  quoted  as  follows : 

It  is  plainly  an  error  to  dismiss  the  possibility  of  a  dual 
purpose    dam    without    adequate    consideration. 

The  News  failed  to  quote,  however,  what  the  Record 
said  in  the  forepart  of  the  same  editorial : 

Contrary  to  views  frequently  expressed  in  this  country, 
the  construction  of  double-purpose  dams  is  not  necessarily 
an  engineering  mistake. 

This  does  not  say,  however,  that  it  is  frequently  possi- 
l)le  to  combine  the  two  functions  in  one  dam. 

Much  as  we  are  interested  in  the  development  of  water 
power,  we  are  compelled  to  admit  that  there  are  more 
cases  where  the  two  functions  cannot  be  combined  than 
where  they  can  be,  and  this  is  better  understood  when  it 
is  considered  what  the  two  functions  are  and  how  incom- 
patible they  are. 

The  purpose  of  a  flood  dam  is  to  hold  back  the  water 
in  time  of  heavy  rainfall  to  a  rate  of  discharge  that  is 
not  productive  of  damage;  but  the  aim  is  to  get  rid  of 
the  water  as  fast  as  it  can  be  discharged  safely,  so  that 
the  dam  may  be  in  readiness  for  the  next  flood  without 
being  unnecessarily  large. 

A  power  dam,   on   the  contrary,  is  for  accumulating 


water  during  the  rainy  season  against  the  time  when  the 
stream  flow  is  at  its  lowest  ebb,  and  thus  keep  the  flow 
as  near  as  possible  to  its  average  value  throughout  the 
year.  Naturally,  if  a  flood  came  during  the  time  that 
the  reservoir  was  full,  there  would  be  no  flood  protection. 
The  situation  would  be  Just  as  bad  as  though  there  were 
no  dam,  so  that  for  the  dam  to  combine  the  two  func- 
tions it  would  have  to  be  probably  twice  as  large  as  it 
would  for  either  purpose  alone. 

Where  there  is  no  trouble  from  floods,  dams  can  be 
built  for  power  purely,  but  where  there  is  flood  difficulty 
it  is  quite  a  question  if  the  power  feature  should  enter 
in,  on  account  of  the  greatly  increa.sed  cost. 

It  is  impossible  to  deal  iu  generalities  in  questions 
such  as  this;  they  must  be  settled  for  each  specific  case. 
If  sufficient  head  can  be  secured  and  sufficient  power  de- 
veloped to  warrant  the  expenditure  for  the  laud  which 
must  be  condemned  and  the  type  of  dam  which  must 
be  constructed,  then  the  dual-purpose  dam  is  justified, 
but  only  then. 

A  flood  dam  is  a  benefit  to  any  power  developments 
lower  down  in  the  valley,  if  there  are  any,  in  that  it 
saves  to  them  a  lot  of  water  which  would  be  wasted  if  it 
came  down  in  time  of  flood,  because  of  being  in  excess 
of  the  quantity  they  could  handle;  but  how  much  this 
benefit  amounts  to,  depends  on  the  capacity  of  the  flood 
reservoir,  and  how  long  it  holds  back  the  surplus  water ; 
in  other  words,  how  iijearly  it  maintains  an  average  flow. 

While  the  Engineering  Record  is  doubtless  right  in  say- 
ing that  it  is  an  error  to  dismiss  the  possibility  of  the 
dual-purpose  dam  without  adequate  consideration,  it  is 
also  plain  that  tlie  "adequate  consideration"  needs  em- 
phasis, for  it  is  a  decided  mistake  to  undertake  the  con- 
struction of  a  dam  to  combine  both  purposes  without  care- 
fully weighing  all  questions  bearing  on  its  utility  and 
cost. 


A  most  important  subject  is  treated  by  an  authority 
on  page  245  of  this  issue.  Too  much  stress  cannot  be 
put  on  the  need  of  the  utmost  care  in  expanding  the 
tubes  into  boiler  drums  and  headers.  Where  possible  it 
is  always  better  to  have  the  work  done  by  an  expert  boiler 
maker;  large  plants  usually  have  one  on  the  payroll  and 
small  plants  should  call  one  in  when  needed.  However, 
emergencies  may  arise  when  the  job  must  be  done  with- 
out expert  help,  and,  in  any  event,  it  is  well  for  anyone 
having  to  do  with  boilers  to  know  how  the  work  should 
be  done  whether  he  has  to  do  it  himself  or  not.  Xo 
matter  how  familiar  such  a  one  may  think  himself  wath 
the  proper  method  of  tube  expanding,  we  earnestly 
recommend  that  he  read  the  letter  by  Mr.  Wells,  not  once 
but  as  many  times  as  may  be  necessarj'  to  thoroughly  un- 
derstand the  how  and  the  whv  of  the  directions  given. 
Finally  pass  it  around  the  plant  or  post  it  where  "he 
who  runs    (the  boilers)    may   read." 

The  annual  report  handed  to  the  chief  engineer  of 
power  plants  of  the  Boston  Elevated  Railway  Co.  shows  a 
coal  consumption  of  1.744  lb.  per  kw.-hr.  for  last  year, 
(year  ending  June)  total  output  from  the  South  Bos- 
ton Station.  This  figure  allows  for  all  losses.  Who  is 
getting  better  results  ? 
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The  issue  of  Juno  9,  page  S3S,  describL'il  an  explosion 
at  the  plant  of  the  Detroit  United  IJys.,  Xew  Balti- 
more, Mich.  A  wrought-steel  mud  dram  blew  off  the 
ni})ples,  according  to  the  article,  due  to  the  tube  holes 
in  the  mud  drum  being  somewhat  tapered,  which  con- 
dition was  brought  about  by  the  use  of  a  worn  and  some- 
what tapered  cutter. 


I*''   OPERATION 

STRAI&MT  ROLLS  IN  EXPANDEP 
TD  EXPAND  NIPPLE  INTO  HEADER 


2'*'' OPERATION 
TAPER  ROLLS  IN  EXPANDER 
TO  6ELL  NIPPLE, WITH  EXPANDER 
ACUU5TED  TO  BRIN&  END  OF  ROLLS 
'jINCH  BEYOND  END  OF  NIPPLE 


»»OOPERATION 

STRAI6HT  ROLLS 
IN  EXPANDER  TO 
EXPAND  NIPPLE 
INTO  MUD-DRUM 


OPERATION 
TAPER  ROLLS  IN  E 
PANDER  TO  BELL 
NIPPLE. WITH  EXPANDER 
ADJU&TEDTOBRlNe'  END 
OF  ROLLS  UlNCH  BEYOND 
END  OF  NIPPLE 


Ix.s'ntrcTioN'S  fok  Kxi-andinc;  Tuhks 

As  soon  as  we  learned  of  this  accident,  the  Babcock 
&  Wilcox  Co.  sent  an  engineer  to  New  Baltimore,  and 
found,  first,  that  the  mud  drum  was  put  in  place  by  em- 
ployees of  the  Detroit  United  ]{ys.  on  or  about  Mar. 
20,  1914;  second,  that  the  expander  used  was  equipped 
with  straight  rollers  only ;  third,  that  the  ends  of  the 
nipples  did  not  extend  properly  through  the  tube  seats 
of  the  mud  drum  and  were  not  flared:  fourth,  that  in 
expanding  these  nipples,  the  lower  ends  of  the  expander 
rolls  (lid  not  pass  through  the  nipple  seats,  and  that  it 
was  this  operation  which  caused  these  seats  to  become 
tapered. 

The  accompanying  sketches  show  the  proper  way  of 
expanding  mud-drum  nipples,  and  also  give  explicit  di- 
rections. One  expander  and  both  straight  and  taj)ercd 
rolls  are  required.     There  are  four  operations: 

First — Expand  the  nipple  into  tlie  header.  Use 
straight  rulls  ccntcrcil  nt  thi'  header  scat. 


Second — Bell  the  nipple  in  the  header.  Use  tapered 
rolls  adjusted  to  bring  the  ends  of  the  rolls  i/4  in.  beyond 
the  end  of  the  nipple. 

Third — Expand  the  nipple  into  the  mud  drum.  Use 
straiglit  rolls  centered  at  the  mud-drum  seat. 

Fourth — Bell  the  nipple  in  the  mud  drum.  Use  ta- 
jiered  I'olls  adjusted  to  bring  the  ends  of  the  rolls  14  in. 
beyond  the  end  of  the  nipple. 

We  shall  be  glad  if  you  will  publish  this  letter,  to- 
gether with  a  cut,  as  sucli  publication  will  give  to  your 
readers  correct  information  in  regard  to  this  most  re- 
grettable accident,  and,  in  addition,  may  be  the  means 
of  preventing  similar  accidents  in  the  future. 

E.  H.  Wells, 
President,  the  Babcock  &  Wilcox  Co. 

New  York  Citv. 


A  blackbird,  only  8  in.  long  from  tip  of  tail  to  end  of 
beak,  caused  a  short-circuit  on  a  22,000-volt  transmis- 
sion line  at  the  National  Limestone  quarries,  Martins- 
burg,  W.  Va.  Where  this  line  crosses  the  quarry  cut,  it 
makes  a  500-ft.  span  and  turns  at  nearly  right  angles 
from  the  double  post  connection,  as  shown  in  the  sketch. 

The  weight  of  tlw  wires  had  caused  the  middle  insu- 
lators to  sag  over  and  pulled  the  middle  wire  ,4.  to  about 
6  in.  from  the  insulator  having  the  outside  wire  B  at- 
tached.    Evidently  on  alighting  on  the  wire  A,  the  bird 
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had  rocl<c<l  to  get  its  babuicc  and  caTue  I'lose  enough  to 
cause  the  current  to  jump  the  remaining  distance,  caus- 
ing a  short-circuit,  which  continued  to  burn  after  the 
liird  had  dropi)ed  off,  until  about  2  ft.  of  wire  was  con- 
sumed. Wire  B,  which  is  the  dead  end  of  the  first 
wire  crossing  the  quarry,  is  wound  on  the  two  insula- 
tors with  a  figure  8,  and  was  hurned  in  two,  it  being 
held  up  only  by  the  connection  to  wire  D. 
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This  power  line  furnishes  elgetricity  to  about  1040 
hp.  of  motors  and  the  short-circuit  also  caused  the  shut- 
down of  two  other  plants  connected  in  parallel  with  it; 
the  latter  for  only  a  few  minutes  until  the  main-line 
switches  could  be  thrown,  cutting  out  the  disabled  line. 
It  took  about  two  hours  to  repair  the  burned  wires. 

The  old  saying  that  troidjles  never  come  singly  proved 
true  in  this  instance,  as  a  few  hours  later  a  steam  pump 
blew  out  a  plug  in  the  water  end  and  drenched  the  motor 
which  was  driving  a  centrifugal  pump,  causing  it  to  burn 
out  two  coils  in  the  tield  before  the  fuses  blew.  Three 
hours  more  were  lost  in  cutting  out  the  burned  coils  and 
putting  in  jumpers.  The  pump  is  now  running  the 
same  as  before  minus  two  coils. 

C.  L.  Mallert. 

Martinsburg,  W.  Ta. 
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I  think  Eubert  r.Harrii;  is  right  in  his  letter  on  page 
.SGI,  June  16.  The  edges  CC,  Figs.  1  and  2,  should  have 
been  filed  or  planed  off  evenly  until  the  brasses  were  a 
nice  fit  to  the  crankpin,  and  the  shims  BB,  Fig.  3,  put  in 
each  side  of  the  brasses  to  keep  the  distance  between 
the  centers  the  same. 

Babbitted  iror.  boxes  are  used  on  some  stationary  en- 
gines, but  if  the  iron  comes  in  contact  with  the  pin  ic 
will  be  badly  scored  before  the  engine  can  be  stopped. 
To  prevent  cutting  the  pins,  babbitt-lined  boxes  are 
used,  but  they  are  often  found  too  soft  for  good  service, 
and  wear  away  rapidly  under  heavy  overloads.  Babbitted 
brass  or  iron  boxes  are  much  cheaper  in  first  cost  than 
bronze.  They  may  be  fitted  to  the  pin  by  free  use  of  oil 
to  keep  them  from  getting  too  hot  while  running  only 
a  few  hours  at  a  time  until  it  bears  evenly  all  over, 
when  it  will  then  cool  down,  and  after  being  taken  out 
and  the  edges  trimmed  it  will  give  no  further  trouble. 

There  are  conditions  in  some  plants  where  it  means 
much  damage  if  the  machines  cannot  be  freed  from  the 
stock  that  is  going  through  before  they  are  stopped. 
What  would  happen  to  a  cold-storage  plant  if  the  com- 
jiressor  had  been  stopped  suddenly  without  being  pumped 
out,  as  in  the  case  of  a  hot  crankpin  if  the  ordinary 
babbitted  brass  or  iron  box  was  used  ? 

The  bronze  boxes  illustrated  in  Figs.  1  and  2  will  pre- 
vent such  possibilities.  Phosphor  bronze  is  used  on 
the  crosshead  pins  and  babbitted  bronze  on  the  crankpins 
and  bearings  of  large  engines  and  compressors.  Bronze 
wears  well  on  the  crosshead  pins,  but  being  made  of  cop- 
per and  tin,  is  too  hard  for  either  crankpin  or  main  bear- 
ings without  being  babbitted.  The  babbitt  equals  about 
two-fifths  of  the  surface,  which  causes  the  bearing  to  run 
with  less  heating.  The  brass  box  is  made  of  copper  and 
zinc,  and  is  much  softer  and  not  suitable  where  the 
engines  must  be  kept  running  after  the  babbitt  has  been 
melted  out.  The  ideal  bronze  has  a  temper  midway 
between  phosphor  bronze  and  brass. 

Most  engineers  object  to  using  either  bronze  or  bab- 
l)itted  bronze  boxes,  because  they  must  be  kept  keyed  up 
closely,  for  with  the  same  amount  of  slack  they  will 
make  more  noise. 

When  a  bronze  box  is  put  on,  the  pin  should  be  smooth 
and  tnie,  the  box  fitted  perfectly,  and  the  engine  in  per- 
fec-t  alignment.  The  high  spots  on  the  bronze  surface 
cannot  be   worn  off  by   running  the  engine.      For  this 


reason,  it  requires  a  skilled  mechanic  to  fit  them,  and 
they  must  have  a  liberal  supply  of  good  oil  until  worn 
down  to  a  good  running  fit,  which  may  require  a  week 
or  more. 

When  well  taken  care  of,  there  are  no  better  running 
boxes,  and  they  will  last  a  life  time  when  properly  fitted, 
if  they  get  enough  good  oil.  Most  bearings  wear  or  are 
melted  out  through  being  keyed  up  too  tight,  gathering 
grit  or  having  insufficient  oil.  I  prefer  not  to  use  oil 
channels;  they  collect  dirt  and,  when  filled,  cause  heat- 
ing. Ix'ss  oil  will  be  thrown  from  tlie  bearings  when  they 
are  run  brass  to  brass  as  in  Fig.  3,  at  .4.4,  enough  being 
filed  off  the  edges  to  allow  the  bearing  surfaces  to  just 
fit  the  pin.  Keying  up  tight  in  this  way  prevents  wear 
on  the  rod  end  and  avoids  many  hot  boxes.  The  choice 
of  methods  in  fitting  boxes  is  usually  left  to  the  engi- 
neer.    Many  stationary-engine  builders  make  boxes  with 
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BRONZE    BOX  WITH  BUTTON    FORM 
OF  BABBITT 


LOCOMOTIVE  CONNEXTINS    ROD'U5ED    BETWEEN  DRIVES 

Types  of  B.vbf.itted  Boxes 

a  clearance  at  AA,  to  allow  keying  up  in  a  few  minutes, 
while  the  marine  engines  have  a  bolted  stub  end  with 
removable  shims  11 II,  Fig.  4. 

In  this  type,  when  the  wear  equals  the  thickness  of 
one  shim,  it  is  removed  and  the  bolts  tightened  up. 
Shims  .an  be  usod  at  -4.4,  Fig.  3,  but  in  some  cases  the 
bearing  edges  of  the  brasses  are  not  of  sufBcient  area 
to  clamp  them  in  so  that  running  brass  to  brass  holds  the 
box  more  rigidly,  I  have  run  engines  with  bronze  boxes 
like  Figs.  1  and  2,  both  with  and  without  oil  grooves. 
When  they  get  hot  I  use  a  little  graphite  or  flour  of 
sulphur  to  keep  them  from  cutting  and  to  smooth  up 
the  bearing  surfaces.  White  lead  will  help  when  noth- 
ing better  is  at  hand.  Much  depends  on  the  system  of 
oiling. 

In  some  cases,  such  as  on  locomotives,  it  is  impossible 
to  get  extra  oil  on  tl;e  pins  while  running,  and  the  en- 
gine must  he  kept  running  to  reach  a  siding.  Only  a  few 
locomotives  have  adjustable  boxes  on  the  rods.     They  are 
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generally  solid  ends  with  babbitted  bronze  boxes,  forced 
in  the  rod  ends  under  pressure  and  held  b}'  setscrews; 
they  are  made  in  the  form  of  bushings.  Fig.  5,  D,  is  the 
bushing,  S  the  setscrew,  0  the  grease  cup;  and  EEEE 
the  babbitt.  They  are  so  made  because  each  •^ime 
a  box  is  keyed  it  changes  the  rod  length  between  centers 
and  causes  strain  when  the  pins  are  passing  the  centers. 
Hence  they  will  heat,  even  though  they  may  be  loose 
on  the  pin.  If  the  locomotive  bearings  were  fitted  nice- 
ly, as  for  stationary  service,  they  would  beat  in  a  short 
time  and  melt  the  babbitt.  AVith  the  solid  end  rod  and 
the  bushing  type  f  box,  this  does  not  often  happen. 
A\'hen  worn,  the  bushings  are  replaced  with  new  ones. 

Some  stationary  engineers  recognize  the  advantage  of 
(be  brass-to-brass  method  of  operation,  and  remove  the 
boxes  and  file  off  the  edges  each  time  they  are  taken  up. 
I  am  still  using  the  bronze  babbitted  boxes  which  were 
originally  furnished  with  the  engine.  I  prefer  the  but- 
ton type  of  babbitt,  a.s  it  wears  much  longer,  runs 
smoothly,  and  is  easy  to  keep  tight  on  an  overloaded  en- 
gine. 

E.    A.    C  ULTRA. 

Cambridge,  Mass. 


Babbitt  bearings  are  good  in  places  where  a  continu- 
ous supply  of  oil  is  impossible,  for  the  reason  that,  should 
the  wearing  surfaces  get  dry,  the  babbitt  vill  wear  with- 
out much  increase  in  friction;  and  further,  in  case  the 
bearing  gets  so  hot  that  the  babbitt  will  run,  the  journal 
is  in  no  danger  of  getting  injured.  A  bronze  bearing, 
however,  properly  made,  fitted  and  lubricated,  will  out- 
last a  babbitt  bearing  under  tlie  same  conditions. 

Some  claim  that  babbitt  has  a  lower  coefficient  of  fric- 
tion than  bronze.  While  this  is  not  true  with  some 
bronze,  it  does  nrit  make  a  particle  of  difference  if  the 
coeCdcient  of  friction  of  the  babbitt  is  lower,  for  in  a 
well-lubricated  bearing,  the  metal  surfaces  do  not  touch. 
Therefore,  the  friction  of  the  bearing  will  depend  on  the 
coefficient  of  friction  of  the  lubricant.  Friction  being 
the  direct  cause  of  heat,  a  bearing  will  heat  either  on 
account  of  an  insufficient  supply  of  oil,  or  due  to  the  oil 
rot  having  cnougli  body  to  withstand  the  load. 

An  oil-groove  on  each  side  of  the  crank  brasses  will 
form  two  pockets  and  there  is  no  danger  of  the  oil  being 
squeezed  out. 

With  this  method  of  fitting  brasses,  there  is  no  need 
of  other  oil  grooves  in  either  of  the  brasses  to  aid  in  dis- 
tributing the  oil,  as  the  motion  of  the  crankpin  distributes 
the  oil  far  more  effectively. 

S.vMLiiL  ]j.  L'omxsox. 

Vera  Cruz,  Mex. 


It  seems  to  iiic  that  those  brasses  were  not  properly 
fitted  to  the  ])in  or  tliat  the  engine  was  out  of  lino,  other- 
wise there  should  have  been  no  troul)lc.  It  is  my  experi- 
ence with  this  metal  for  bearings  that  if  the  brasses  fit 
correctly  rnd  the  parts  are  in  line,  one  can  get  along 
well  with  them.  AVe  have  always  thought  tliey  were  more 
likely  to  heat  than  babbitt.  .V  babbitt  bearing  has  a 
tendency  to  fonn  itself  to  fit  the  journal,  especially  if 
the  pressure  is  heavy  or  it  warms  np  somewliat. 

The  one  serious  fault  with  the  brass  bearing  is  that, 
if  it  gets  hot.  it  generally  damages  the  journal.  Cast 
iron  is  an  ideal  bearing  metal  if  kept  properly  lubricated. 

A  case-hardened  journ.'d    works  well  witli   l)rass  bear- 


ings; if  kept  well  oiled,  there  is  but  little  wear  or  ii-ou- 
ble.  AVe  have  a  gas  engine,  which  has  a  (j-in.  diameter, 
case-hardened  and  ground  wristpin,  which  gives  entire 
satisfaction  with  brass  boxes.  This  enrine  once  wore  the 
pin  (not  case  hardened)  and  brasses  about  -^^  in.  per  10- 
hr.  run  on  as  nice  a  pin  as  ever  went  into  an  engine. 
Another  gas  engine,  with  overhung  cranks  and  brass 
boxes,  used  to  get  hot,  which  often  was  not  the 
fault  of  the  bearing  metal.  Sometimes  the  pins 
■\\'Ould  get  loose  in  the  cranks,  and  at  other  times  the  oil 
v.'ould  fail.  As  we  visited  it  only  about  once  an  hour 
it  had  time  to  get  as  hot  as  it  felt  like.  When  we  foun;l 
it  smoking,  we  would  feed  water  through  the  oil  piping 
until  it  had  cooled  somewhat.  We  would  then  feed  in  a 
quart  of  oil  and  sapolio,  put  the  oil  cup  on,  set  the  feed 
lively,  and  let  it  go  at  that.  Incident;illy,  I  do  not  be- 
lieve in  putting  sapolio  or  anything  of  that  nature  in  a 
good  bearing.  About  the  best  lubricant  I  have  ever 
nsed  for  a  "bad  actor"  is  cylinder  oil  and  white  lead 
mixed  together. 

AVhy  do  the  valve-gear  bearings  on  a  steam  pump  wear 
so  rapidly?  Some  say  the  oiling  is  neglected.  Now,  I 
have  made  it  a  point  to  see  that  the  gear  was  well  oiled, 
but  the  wear  went  on  just  the  same.  Possibly,  the  bear- 
ing pressure  was  too  great. 

We  operate  an  air  compressor  that  sometimes  de- 
velops a  knock  in  the  cylinder.  It  is  a  single-stage  ma- 
cbine  compressing  to  80  lb.  The  knock  is  caused  by 
carbon  baking  on  the  unjacketed  heads,  especially  the 
u])per  part,  where  the  discharge  valves  are,  thereby  fill- 
ing the  clearance  space. 

J.  0.  Benefiel. 

Anderson,   Ind. 


I  have  used  solid  brass  boxes  on  small  pins  up  to  Zy-> 
in.  in  diameter  where  the  rod  was  of  the  marine  type, 
but  in  every  case  the  pin  was  badly  cut.  I  am  opposed 
to  brass  boxes  for  crankpins,  because  they  produce  greater 
friction.  If  the  oil  supply  should  fail,  the  pin  and 
boxes  may  be  badly  cut,  while  with  babbitt  lining  the 
babbitt  will  melt  out  without  doing  any  serious  damage 
to  the  pin.  In  this  case,  I  believe  that  in  time  the  brass 
boxes  could  have  been  made  to  run  with  some  degree 
of  success,  but  the  babbitt-lined  boxes  gave  so  much 
better  results  that  there  was  no  reason  to  change. 

Once  I  used  brass  boxes  on  the  crankpin  of  an  air 
compressor  in  preference  to  babbitt  for  the  sole  reason 
that  the  compressor  was  in  an  isolated  part  of  the  mill, 
and  frequently  the  oil  cups  would  run  empty  (it  was 
oiled  by  the  millwright's  helper,  who  was  sometimes 
busy  on  other  work  and  forgot  it),  in  which  case  it 
would  get  hot,  grip  the  pin  and  throw  out  the  circuit- 
breaker.  With  bal)hittcd  boxes  it  was  usually  necessary 
to  put  in  a  set  of  new  ones  as  the  babbitt  would  be 
melted  out ;  with  brass  it  was  necessary  only  to  cool  tbcni 
off  and  put  on  some  oil.  T,ater,  grease  was  substituted 
for  oil,   which   prevented    fiirtber    trouble. 

J.  C.  Hawkins. 

Ilyattsville,   Md. 


I  am  using  bronze  boxes  on  the  crankpin  and  on  tlic 
wristpin  end  of  the  rod  on  an  oil  engine  of  the  trunk- 
piston  type.  The  crank  boxes  are  marine,  the  i)ist^)ii 
end  is  a  solid  stub  with  a  wedge  and  holt,  and  is  open 
to   admit  of  adiustment.  Tint  the  crank  boxes  are  brass 
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to  brass.  These  boxes  have  been  in  service  six  years,  and 
have  been  taken  apart  three  times  only,  to  examine  the 
piston  rings.  We  have  never  dressed  ofi  either  one  and 
there  is  no  knocking. 

J.    P.    COLTON. 

Ohio  City,  Ohio. 


I  was  much  interested  in  the  editorial  on  coal  sam- 
pling in  the  Jnly  21  issue.  As  to  the  relative  merits  of 
intelligent  and  ignorant  men  as  coal  samplers,  both 
classes  have  their  weaknesses.  The  intelligent  man,  es- 
pecially if  he  is  to  be  affected  by  the  outcome  of  an 
analysis,  either  financially  or  otherwise,  is  likely  to 
give  way  to  his  prejudices;  on  the  other  hand,  the  ig- 
norant laborer  is  likely  to  possess  a  little  knowledge, 
which,  according  to  the  adage,  is  a  dangerous  thing. 

A  few  weeks  ago  I  collected  a  coal  sample  for  analysis 
and  the  crushing  in  the  preparation  of  the  sauiple  was 
intrusted  to  an  Italian  laborer.  Upon  returning  a  half 
hour  later  I  was  surprised  to  find  that  the  laborer  had 
carefully  picked  out  and  laid  aside  a  number  of  large 
pieces  of  slate.  When  asked  his  reason  for  doing  this, 
he  said:  "Slate  no  good;  no  burn."  I  have  observed 
this  same  tendency  in  laborers  employed  as  coal  samplers 
several  tmies.  They  are  likely  to  come  to  the  con- 
clusion that  coal  which  the  boss  needs  for  some  special 
purpose  should  be  carefully  selected,  and  that  slate  and 
bone,  being  worthless,  should  be  rejected. 

In  taking  or  preparing  a  sample  of  coal  for  analysis. 
I  would  prefer  to  intrust  the  work  to  a  man  who  under- 
stands its  purpose,  after  instructing  him  in  the  import- 
ance of  taking  the  sample  entirely  without  prejudice. 
This  work  is  just  as  important  as  the  analysis  itself  and 
deserves  intelligent  attention,  coupled  with  strict  hon- 
estv. 

"Business  honesty,"  as  one  of  Power's  recent  edi- 
torials calls  it,  applies  as  much  to  the  boiler  room  and 
the  laboratory  as  to  the  policy  of  a  manufacturer  or 
grocer.  The  ]Dower  plant  is  buying  heat  in  the  form  of 
coal,  and  selling  or  using  power,  and  the  owner  or  en- 
gineer should  feel  it  his  duty  not  only  to  get  that  for 
which  he  pays,  but  also  to  pay  for  that  which  he  gets. 
The  coal  weights,  the  sampling  and  the  analysis  are  all 
parts  of  the  "scale"  which  weighs  his  purchases,  and  this 
"scale"  should  carry  no  false  weights.  Honest  quality 
in  fuel  is  just  as  important  to  the  power-plant  man  as 
are  pure  food,  pure  clothes,  etc.,  to  the  general  public. 
William  A.  Doxkley. 

Atlantic  City,  X.  J. 

'^ 

Just  how  great,  if  any,  is  the  loss  due  to  smoke  from 
boiler  furnace  stacks?  This  question  as  related  to  the 
rating  under  which  the  boilers  are  operating  when  smoky 
has  been  too  much  neglected. 

Consider  a  plant  in  a  locality  unprovided  with  a  smoke 
ordinance  and  without  smoke-consuming  devices.  In 
this  plant  it  is  desirable  to  have  some  smoke  at  all  times 
rather  than  to  operate  with  a  possible  large  excess  of 
air.  The  waste  and  loss  through  maintaining  the  stack 
clear  would  undoubtedly  be  greater  than  that  due  to  a 


slight  amount  of  smoke.  This  particularly  holds  good 
in  tlie  consumption  of  liquid  fuel. 

I  have  referred  to  conditions  approximating  rated 
boiler  capacity.  When  the  reverse  is  true  and  the  boiler 
plant  is  called  upon  to  operate  under  heavy  loads,  it  lias 
been  found  impossible  to  maintain  clear  stacks,  with 
freedom  from  smoke,  unless  the  boilers  are  eqitipped 
with  smoke-consuming  devices.  I  have  found  that  a 
higher  efficiency  can  be  had  by  allowing  the  furnaces  to 
smoke  considerably  under  heavy  overload  conditions.  As 
the  heating  surfaces  become  fouled,  the  efficiency  will 
drop;  then  the  dusting  hose  should  be  used  freely  on 
the  boilers  after  they  have  been  operated  at  very  high 
ratings. 

Designers  are  prone  to  limit  the  area  and  height  of 
stacks  too  much.  After  the  plant  has  been  completed 
and  put  into  operation,  it  is  too  often  found  impossible 
to  obtain  the  draft  required  to  operate  the  boilers  at 
high  ratings  without  much  smoke.  Can  it  be  that  the 
designers  are  afraid  the  firemen  will  maintain  too  high 
a  draft  and  that  the  economy  will  suffer  through  their 
ignorance  ? 

If  the  designers  will  convince  owners  of  steam  plants 
that  it  may  be  profitable  to  build  stacks  of  sufficient 
capacity  to  take  care  of  any  condition  which  may  arise, 
and  that  it  is  economy  to  em]iloy  technical  men  to  watch 
tlie  operation  and  prevent  waste,  there  would  in  all 
probability  be  much  less  smoke. 

The  engineer  in  charge  is  usually  a  man  who  has 
served  his  time  in  the  boiler  room  as  a  fireman  or  water- 
tender  many  years  since,  in  the  days  when  economical 
operation  of  boilers  was  not  given  much  consideration. 

William  Plaisted. 

Kedondo  Beach,  Calif. 

[Many  combustion  engineers  complain  because  they 
so  frequently  find  chimneys  and  stacks  too  large  for  the 
load  condition.  Also,  it  seems  to  he  the  opinion  of  most 
combustion  engineers  that  they  would  rather  coach  for 
the  position  of  head  fireman  a  man  who  is  not,  strictly 
speaking,  a  teclinical  man.- — Editor.] 


When  several  valve  studs  worked  loose,  their  threads 
and  those  in  the  valve  plate  were  spoiled.  A  quick- 
repair  job  was  done  by  pressing  the  stems  into  one-half 


Ekpaihed  Valve  Stem 

inch  pipe  nipples  P  and  pinning  through  both  stem  and 
pipe  at  A.  The  pressure  plate  B  was  then  tapped  out  to 
one-half  inch  pipe  size  at  C.  This  has  given  better  satis- 
faction than  the  original,  partly  on  account  of  the  larger 
size  of  the  stem. 

Earl  Pagett. 
Coffevville,  Kan. 
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I       Imq^airles  of  General  Interest 
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DimenNlons  of  Tapered  Pin — If  a  tapered  pin  which  is  to 
be  finislied  4  in.  in  diameter  at  the  large  end.  is  to  taper  1  in. 
to  the  foot  and  when  finished  is  to  be  12  in.  long:  what  will 
be   the   diameter   of    the    small   end    of    the    pin    when    finished? 

E.    F.    T. 

The  diameter  of  the  small  end  would  be  3  in.,  for  taper  is 
the  actual  reduction  in  size,  aIthoug:h  it  is  sometimes  confused 
with  slope  with  respect  to  the  axis. 


Horsepower  Rating  of  Automobile  E^u^rine — What  is  the 
formula    for   the    nominal    horsepower    of  automobile   eng-ines? 

J.  E.  C. 

Their  usual  nominal  horsepower  rating-  is  according  to 
the    formula 


hp. 


d= 


2%  > 

in    which   d    =    diameter   of   cylinders   in    inches    and    n    =    the 
number  of  cylinders. 


Strengtli  of  Rivets  In  Double  Shear — Wh\-  are  not  rivets  in 
double  shear  considered  to  have  twice  the  strength  of  rivets 
in  single  shear? 

T.    M. 

Because  tests  of  riveted  joints  have  generally  shown  that 
rivets  in  double  shear  do  not  offer  twice  the  resistance  of 
rivets  in  single  shear,  which  is  probably  due  to  unequal  dis- 
tribution of  the  stress  in  the  two  rivet  sections  when  in 
double  shear. 

Horsepower-Hours — If  an  engine  develops  an  average  of 
50  hp.  during  10  hr.  and  25  hp.  during  14  hr.  per  day,  "what 
number  of  horsepower-hours   would   be  developed   in   30  days? 

J.  M. 
During  ten   hours  each   day   the   development  would  be 
10  X    50    =    500    hp.-hr., 
and   during   14   hr.  per  day   the  development  would  be 

25    X   14   =   350  hp.-hr.; 
hence  for  30   days  the  development  would  be: 

(500    +    350)    X    30    =    25,500   hp.-hr. 


Patents — Can  a  patented  article  be  made  by  anyone  for 
one's  own  use?  If  an  article  is  marked  "patent  applied  for," 
can   it   be  made   for   one's   own   use? 

A  E.  C, 

The  right  to  manufacture  and  use  a  patented  article  with- 
out liability  is  limited  to  experimenting  with  it  only.  The 
intent  is  to  permit  research  along  the  same  lines  and  not  to 
grant  a  privilege  without  a  just  compensation.  An  article  for 
which  a  patent  has  been  applied,  when  so  designated,  is  en- 
titled to  the  same   consideration. 


thu 


ind 


Water  Heated  hy  Olven  <tuantlty  of  Steam- 
pounds  of  steam  at  212  deg.  P.  is  used  for  heating  a  building 
and  the  condensation  is  returned  to  the  boiler  at  192  deg.  F. 
If  the  heat  given  off  is  applied  to  raising  the  temperature  of 
water,  how  many  pounds  of  water  would  it  raise  from  32  deg, 
to   112  deg.   P.? 

E.  G. 
Each  pound  of  steam  delivered  at  212  deg.  F.  would  contain 
1150.4  B,t,u.  above  32  deg.  P.,  and  as  each  pound  of  condensate 
when  returned  to  the  boiler  at  192  deg.  P.  would  contain 
192  —  32  =  160  B.t.u.,  the  heat  transferred  to  the  building 
per  pound  of  steam  used  at  212  deg.  F.,  and  converted  Into 
condensate  at  192  deg.  F,  would  be  1150.4  —  160  =  990.4  B.t.u.; 
or  for  1000  lb.  ^vould  amount  to 

1000    X    990.4    =    990.400    B.t.u. 
To  raise  1  lb.  of  water  from   32  deg.   F.   to  112  deg.   F.  requires 
79.93    B.t.u.,  and.   therefore,   the   990.400   B.t.u.    used   for   heating 
the   building  would   be  capable  of  raising 
990.400 

or  12.390   lb.   of   water 

79.93 


Piunicer  Pumps  In  Series — How  much  pressure  could  be 
pumped  acainst  by  two  plunger  pumps  each  of  the  same  size 
of  steam  ends  and  plungers  and  each  capable  of  pumping 
against  a   pressure  of   160  lb..   If  arranged   in   series.  I.e..   with 


the   delivery   of  one   of  the   pumps   connected   with   the  suction 
of    the    other? 

T.  J.  C. 
Assuming  that  the  pumps  are  double  acting  with  the  plun- 
gers on  opposite  ends  connected  together  and  neglecting  loss 
of  pressure  by  friction  in  the  passage  of  the  water  from  one 
pump  to  the  cylinder  of  the  other,  a  plunger  of  the  second 
pump  during  its  suction  stroke  would  be  acted  upon  by  160 
lb.  pressure  which  would  be  transmitted  to  the  plunger  mak- 
ing a  discharge  stroke.  The  assistance  so  rendered  would  be 
as  much  as  the  pressure  exerted  by  the  steam  and  the  pump 
would  be  able  to  work  against  a  pressure  of 
2  X  160  =  320  lb.  per  sq.in. 
In  case,  however,  the  second  pump  were  a  single-acting  plun- 
ger pump,  there  would  be  no  such  advantage,  for  although  the 
first  pump  delivered  the  water  under  pressure  to  the  second 
one,  the  second  one  would  be  employed  in  maintaining  the 
pressure  without  capacity  or  assistance  to  increase  the  pres- 
sure above   160   lb. 


Diameter  of  I'ptake — What  diameter  of  smoke  uptake 
would  be  equal  to  the  combined  areas  of  tubes  of  one  return- 
tubular  boiler  having  ninety  2i,^-in.  tubes  and  another  having 
one    hundred   3-in.    tubes? 

B.  V. 
The  internal  diameter  of  a  standard  2V4-in.   boiler   tube  is 
2.282  in.,  and  its  cross-sectional  area  is 

2.282    X    2.2S2    X    0.7854    =    4.09  sq.in., 
and  90  tubes  would  have  a  cross-sectional  area  of 

4.09    X    90    =    368.1  sq.in. 
A  standard   3-in.   tube   has  an   internal  diameter   of   2.782    in. 
and  a  cross-sectional  area  of 

2.782    X    2.782    X    0.7854    =    6.079   sq.in., 
and   100  tubes  would  have  a  total  cross-sectional  area  of 

6.079    X     100    =    607.9    sq.in. 
The  united  area  of  tubes  of  both  boilers,  therefore,  would   be 

368.1   +   607.9   =    976  sq.in. 
An  uptake  pipe  of  the  same  cross-sectional  area  would   have 
a  diameter   of 


\  0.7854 
or  practically  36   in.   diameter. 


Steam  from  a  Cubic  Inch  of  Wnter — What  would  be  the 
pressure  of  a  cubic  foot  of  dry  saturated  steam  made  by  the 
complete  evaporation  of  a  cubic  inch  of  water  from  60  deg.  P.? 

D.  L. 
At   60  deg.   F.   water  weighs  62.37  lb.   per  cu.ft..   hence   the 
steam  generated  from  a  cubic  inch  of  water  would   weigh 
62.37 

1728 
or  about  0.0361  lb.  Referring  to  Marks  and  Davis  steam 
tables  giving  the  density  of  steam  at  various  pressures,  it  will 
be  seen  that  the  weight  of  0.0361  lb.  per  cubic  foot  comes  be- 
tween 0.03597,  which  is  the  density  or  weight  per  cubic  foot 
of  steam  at  14.13  lb.  per  sq.in.  absolute  pressure,  and  0.03664. 
the  density  at  14.41  lb.  absolute.  The  given  weight  per  cubic 
foot  would,   therefore,  be 

0.0361    —    0.03597    =    0.00013    lb. 
greater   than    at    14.13    lb.    absolute.      As   with   an   increase    of 
pressure  from  14.13  to  14.41  lb.  absolute,  the  density  increases 
at  the   rate   of 

0.03664  —  0.03597 


14.41   —   14.13 
or  0.00239   lb.   per   pound   Increase   in    pressure,   than    when    the 
density   became  equal   to  0.0361    lb.   per  cu.ft.   the   pressure   for 
that  density  would  be  found   by  Interpolation  to  be 
0.0361   —  0.03597 

14.13    -4-       =    14.18   lb.   absolute. 

0.00239 


[Correspondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  offlce  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and   for  Inquiries  to   receive  attention. — EDITOR.] 
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Last  Lesson's  Answers 
9().     As  1  gal.  of  water  weighs  about  8^  Ih.,  the  total 
mass  of  water  raised  is 

1000  X  8.\  =  8333J  lb. 
Siiici'   this  amotmt  of  water  is  lifted   120  ft.  in  oue 
iriiiiute,  the  work  done  equals 

S333J  X   120  =  1,000,000  fl.-lb. 
and  the  horsepower  required  to  do  this  work  is 

1,000,000       on  Q  , 

-^3:000- =  =^^-^''^^- 

97.  The  work  done  in  the  water  end  of  the  jiuinp  is 
equal  to  30.3  hp.  If  the  efficiency  between  the  steam 
and  water  ends  is  70  per  cent.,  then  the  horsepower  re- 
quired in  the  steam  end  is 

30.3-^0.70  =  43.3  hp. 

98.  Twenty  tons  of  coal  equals 

2000  X  20  =  40,000  lb. 
The  vertical  distftnee  the  coal  is  raised  is  150  ft.     From 
equation   (52) 

^'        T  X  33,000 
In  this  problem  F  =  40,000  lb.,  .S'  =   l-'H)  ft.  and 
T  =  GO  min.,  hence  the  horsepower  required  is 
40,000  X  150  ^ 
GO  X  33,000   ~  ■  '  '^'' 
This  answer  holds   true  on  the   assumption   that   the 
engine  is  hoisting  continuously  for  the  entire  hour.     As 
an  actual  fact,  such  is  not  the  case,  as  allowance  must 
be  made  for  the  loading  and  lowering  of  the  bucket,  so 
that  the  actual  time  of  hoisting  is  considerably  less  than 
one  hour,  and  hence  the  horsepower  required  will  depend 
upon  the   rate  at  which  the  bucket  is   being   raised  in 
feet  per  minute. 

99.  Potential  energy  is  weight  tinres  vertical  distance 
above  a  given  reference  plane.  Here  the  weight  is  1000 
lb.  and  the  distance  is  95  ft.,  hence  the  potential  energy 


95   X    K'Od   =   95,000  //.-//). 
100.     The  kinetic  energy  of  the  body  is 


ir  V 


To 


determine  this  energy  it  is  necessary  to  find  the  velocity 
V  which  the  body  has  after  it  has  fallen  the  vertical 
distance  of  95  ft.  This  may  be  found  from  equation 
( 43 ) ,  where  V^  =  S  gH,  or 

r  =  yl-Zg  H  =  V2  X  32.16  X  95  =  Vg102  = 
78.2  ft.  j^er  sec. 
Siibstituting  this  value  of  T'  in  the  equation  for  kinetic 
energy  there  results 

,,         WV^       1000X78.2X78.2       „^  ^,nn  .,    ,/ 

^'-  =  -^T  =  21023G =  '''«''^-^'-  ^*- 

Energy    (continued) 
Problems  99  and  100  illustrate  the  fact  that  potential 
energy  may  be  changed  into  kinetic  energy  by  allowing 


the  object  to  fall  through  the  vertical  distance  above 
the  given  reference  plane,  or,  as  commonly  expressed,  by 
ronverting  "head  into  velocity."  This  may  be  shown 
more  clearly  by  comparison  of  the  equations  for  potential 
and  kinetic  energy.     Thus 

A'  =  117/ 

and  A  ,'  =  . 

From  equation  (4.3) 

I'-'  =  2  ,(/// 

or  Z/  =  —  . 

Substituting  this  value  in  the  equation 

A  f     =      -;^ , 

there  results  Ke  =  H'// 

which  is  the  same  as  tlu-  expression  for  potential  ener'y. 

Moreover,  the  total  amount  of  energi/  in  the  body  -iC- 
iiiains  constant  and  is  equal  to  the  sum  of  the  kinetic 
and  potential  energies.  In  problem  100,  had  the  body 
fallen  only  471/2  ft-  its  total  energy  would  still  have  been 
95,000  ft.-lb.;  only  47,250  ft.-lb.  would  have  been  kinetic 
and  47,250  would  have  been  potential  energy. 

Equation  (57)  shows  that  energy  may  be  converted 
into  useful  work,  and  vice  versa;  but  in  no  case  is  it  pos- 
sible to  destroy  or  annihilate  energy.  This  gives  rise  to 
the  law  commonly  called  the  "Conservation  of  Energy," 
which  may  be  summed  up  in  the  following  three  state- 
ments : 

(1)  The  sum  loliil  of  the  energy  in  the  uuircrse  re- 
uiai?>s  conslaiif. 

(2)  Energy  may  bi-  loiircrlcd  from  one  forui  to  an- 
other. 

(3)  Energy  cannot  be  destroyed  or  annihilated. 

The  first  statement  may  not  be  evident  at  first  sight. 
In  a  steam  engine,  due  to  improper  lubrication,  unlagged 
cylinders  and  poor  materials,  the  efficiency  may  run  very 
low  and  the  engineer  will  say  there  is  a  loss  of  power. 
This  statement  is  true  as  far  as  the  performance  of  use- 
ful work  is  concerned,  but  there  is  no  loss  of  energy. 
The  steam  by  virtue  of  the  energy  it  possesses  does  sev- 
eral things  in  the  engine  cylinder;  first,  it  must  over- 
come all  f rictional  losses ;  second,  it  must  heat  \i\)  the 
cylinder,  and,  last  of  all,  it  must  overcome  the  external 
resistance  or  load  on  the  engine.  Hence  the  energy  in 
the  steam  is  all  accounted  for  and  there  is  no  loss,  but 
simply  a  conversion  of  one  form  of  energy  into  several 
other  forms.  'Rliatever  energy  may  be  lost  in  one  form 
is  sure  to  appear  in  a  different  form,  so  that  the  sum 
total  of  the  energy  of  the  universe  remains  constant. 

That  part  of  the  energy  of  the  steam  which  is  not 
converted  into  useful  work  is  called  "dissipated  energy." 

The  second  part  of  the  law  has  already  been  referred 
to,  that  it  is  possible  to  change  energy  from  one  form 
to  another.  This  change  is  universal  and  is  taking  place 
continuously.      The  human   being  eats   food   to   provide 
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liini  with  muscular  energy  which  enables  Jiiin  to  culti- 
vate his  fields  and  produce  more  food,  which  in  turn 
is  converted  into  muscular  energy,  and  so  the  jirocess 
continues.  The  ambition  of  the  modern  power  plant 
engineer  is  to  convert  the  heat  energy  resident  in  coal 
into  electrical  energy  with  as  little  loss  as  possible.  Thus 
far  his  eiTorts  have  resulted  in  converting  about  18  per 
cent,  of  the  heat  energy  in  the  coal  into  the  electrical 
form  of  energy.  The  introduction  of  the  internal  com- 
Inistion  engine  is  destined  to  raise  this  figure  to  a  much 
higher  value. 

The  third  part  of  the  law  states  that  energy  can  never 
be  lost.  This  is  best  illustrated  by  considering  the  ac- 
tion of  the  sun — the  main  source  of  the  earth's  energy. 
In  the  early  ages  the  sun  supplied  the  energy  to  plant 
life,  which  gradually  developed  into  trees  and  into  great 
forests.  These  in  time  perished  and  were  buried  deep  in 
the  earth,  and  after  many  years  appeared  in  the  form 
of  coal,  the  energy  of  which  may  l)e  liberated  by  com- 
bustion. Part  of  the  coal's  energy  is  transformed  into 
work  and  the  remainder  is  dissipated  in  various  forms, 
but  none  of  it  is  ever  lost. 

The  sun  by  virtue  of  the  energy  it  possesses  raises  the 
water  from  the  level  of  the  sea  to  the  highest  mountains, 
and  as  the  water  flows  down  from  these  elevations  it 
becomes  possible  to  convert  its  potential  energy  into 
kinetic  energy,  which  may  be  utilized  to  operate  water- 
wheels  and  turbines. 

Ukat 

Perhaps  the  most  common  form  of  energy  is  that 
known  as  heat,  to  which  reference  has  already  been 
made.  For  many  years  scientists  were  puzzled  as  to  the 
form  and  nature  of  heat.  Some  considered  it  as  a  sub- 
stance that  had  weight;  but  it  remained  for  the  simple 
experiment  of  rubbing  two  pieces  of  ice  together  to  prove 
that  heat  is  simply  a  form  of  molecular  energy.  As  the 
molecules  of  the  body  move  faster  and  faster,  their 
kinetic  energy  becomes  greater,  and  the  sum  total  of  all 
their  energies  constitutes  what  is  known  as  heat. 

The  conmionly  accepted  unit  of  heat  is  the  BrUixh 
tliermal  unit,  which  is  the  amount  of  heat  required  to 
raise  the  temperature  of  1  lb.  of  water  1  deg.  Fah.,  as- 
suming the  water  to  be  at  its  greatest  density,  which 
is  about  3!)  deg.  F.  Pecent  experiments  have  proved 
that  the  British  thermal  unit  commonly  indicated  l)y 
tile  letters  B.t.u.  is  equivalent  to  780  ft.-lb.  of  work.  A 
pound  of  coal  contains  about  13,(»0()  B.t.u.  If  all  the 
heat  in  the  coal  could  he  transformed  into  work  there 
would  result  13,000  X  780  =  10,140.000  ft.-lb.,  and  if 
the  heat  was  liberated  in  one  minute  the  e(]uivalent  horse- 
j»)V\-er  would  be 

10,140,000 

"  33TU00   ■  =  •^"'- 

Example — Under  certain  conditions  it  takes  10r)0 
I'.t.u.  to  convert  one  pound  of  water  into  dry  steam.  If 
all  the  heat  in  the  pound  of  coal  could  be  transferred 
to  the  water,  how  many  pounds  would  be  evaporated  for 
every  pound  of  coal  l)urned?     The  number  of  pounds  of 

water   evaporated    per   ikjuik]   of  coal    will   eciual     -^'     - 
'  '  1050 

or  12.4.     Tn  actual  practice,  only  about  80  per  cent,  of 
this  figure  is  realized.     One  horsepower  is  equivah'iil    to 


33,000  ft.-li 
33,000 


per  nun. 
or  43.3. 


which  expressed  in  B.t.u.  equals 


The  figure  780  is  called  the  mechanical  equivalent  of 
heat  since  it  expresses  the  relation  between  the  units  of 
different  forms  of  energy. 

If  one  pound  of  coal  were  burned  in  one  minute  the 
horsepower   equivalent   to    the   lieat   energy   in   the  fuel 


would  be 


13,000  _   .,^|, 


if  th 


oal  was  burned  in 
307 


GO 


one   hour  the   horsepower   e(|uivak'nt   would   Ik 

aljout  .5.  A  l)oiU'r  horsepower  is  equivalent  to  about 
13  engine  horsepower,  so  that  the  Inirning  of  one  pound 
of  coal  per  hour  is  capable  of  producing  about  V13  boiler 
horsepower.  Hence,  to  secure  one  boiler  horsepower  it 
is  necessary  to  burn  'Vg  or  2%  lb.  of  coal  per  hour. 
This  of  course  is  the  theoretical  value.  Under  average 
conditions  one  boiler  horsepower  will  be  secured  by  tlie 
combustion  of  31/.  to  4  lb.  of  coal  per  hour. 
Study  Questions 

101.  What  three  (piantities  determine  the  amount  or 
(piantity  of  heat  in  a  given  mass  of  material? 

102.  Explain  the  meaning  of  the  term  1  deg.  F. 

103.  Does  the  amount  of  heat  required  to  change  the 
temperature  of  water  1  deg.  F.  remain  constant  as  the 
temperature  of  the  water  increases? 

104.  A  certain  coal  averages  about  12,000  B.t.u.  to 
the  pound.  Find  the  horsepower  equivalent  to  the  com- 
bustion of  1000  lb.  of  coal  per  hour,  assuming  all  the 
heat  energy  in  the  coal  to  be  liberated  during  combustion. 

What  would  be  the  equivalent  boiler  horsepower,  as- 
simiing  that  13  engine  horse])ower  equal  one  boiler  horse- 
l^ower  ? 

Note — A  boiler  horsepower  is  the  evajioration  of  341/0 

lb.  of  water  per  hour  into  dry  steam  at  212  deg.  F.  from 

a  feed-water  temperature  of  212  deg.  F.     To  evaporate 

1  lb.  under  the«e  conditions  it  requires  970.4  B.t.u.    The 

heat  equivalent  of  a  boiler  horsepower  is  equal  to 

341/2  X  970.4  =  33,479  B.t.u.  per  hr., 

or  558  B.t.u.  per  min.     An  engine  horsepower  is  equal 

to  42.3  B.t.u.     Therefore  the  boiler  horsepower  is  equal 

558 
to  or  13  engine  horsopowei-,  approximately.     As 

the  efiiciency  betwei'ii  switchboard  and  cdal  pile  is  about 
()  per  cent.,  it  is  to  be  noted  that  one  boiler  horsepower 
under  working  conditions  produces  just  about  one  engine 
horsepower. 

105.  In  problem  104,  if  it  takes  1050  B.t.u.  to  evap- 
orate one  pound  of  water,  how  many  pounds  would  be 
evaporated  under  the  given  conditions,  assuming  that 
80  per  cent,  of  the  heat  in  the  fuel  is  transferred  to  the 
water  in  the  boiler? 

JS. 

More  Mnicle  ('<>m|i»unil  FnkrrH — Tlu'tc  has  recently  been 
put  upon  the  ni;iil<it  in  Coiinnny  quite  n  Hood  of  preparations 
for  the  purpose  of  nial<intf  a  brew  in  which  coal  or  coko  Is 
to  be  wetted  before  beInK  put  upon  the  Are.  The  alleged  re- 
sult of  uslhK  these  preparations  is  that  the  coal  burns  more 
readily  and  that  there  Is  a  ^reat  savlnp  In  the  amount  of  fuel 
required.  Ilerr  T.  Oryno,  of  the  laboratory  of  the  Berlin  Fer- 
mentation Institute,  has  analyzed  a  number  of  these  prepara- 
tions and  found  them  to  consist  of  various  salts  such  as  sul- 
phate of  majrnesla,  sulphate  of  soda,  common  salt,  nitrate  of 
soda,  and  so  on  generally  with  a  small  proportion  of  oxide 
of  iron.  He  concludes  that  they  cannot  have  the  effects  at- 
tributed   to   them. — "The    EnKlneer." 
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GliOLiP   AT   THE    I'OXVEXTION    OF   THE   UxiVEKSAL    CkAFTSMEN 


The  twelfth  annual  convention  of  the  Vniveisal  Craftsmen 
Council  of  Engineers  was  held  at  Cleveland,  Ohio.  August 
4  to  S,  with  headquarters  at  the  Hollenden  Hotel.  There 
■were  upward  of  200  delegates  in  attendance,  representing 
more  than    300   votes. 

The  meetings  of  the  delegates  were  held  in  the  large 
assembly  hall  of  the  hotel  and  the  several  committee  rooms 
were  conveniently  located.  On  the  same  floor  four  large 
parlors  were  neatly  fitted  up  for  the  exhibit  of  engineers' 
equipment  and  supplies.  The  display  occupied  sixty  booths, 
which  were  well  attended  during  the  five  days. 

On  Tuesday  morning  at  11  o'clock  the  opening  exercises 
of  the  convention  took  place,  William  H.  Kennedy,  presiding. 
After  the  invocation  by  P.  H.  Early,  grand  chaplain,  the 
chairman  introduced  Frederick  Sidlo,  Director  of  Public 
Service,  representing  Mayor  Baker,  who  cordially  welcomed 
the  convention  to  the  city  of  Cleveland.  Grand  Chief  Henry 
C.  Senn  responded  for  the  engineers.  Homer  G.  Powell 
spoke  interestingly  on  fraternity,  and  was  followed  by  Walter 
S.  Cadwell.  past  grand  chief.  "The  Old  Guard"  was  the  sub- 
ject allotted  to  Past  Grand  Chief  Robert  G.  Ingleson,  who 
made  a  short  and  pleasing  address.  An  impressive  part  of 
the  services  occurred  here  when  Herbert  E.  Terry,  grand 
warden,  asked  the  privilege  of  the  floor,  and  on  behalf  of  the 
Toronto  and  Winnipeg  councils  of  Canada  presented  the 
grand  body  a  silk  English  flag.  John  Cope  feelingly  accepted 
the  gift  and  the  American  and  English  flags  were  joined 
together  with  a  white  silk   bow. 

The  meeting  then  went  into  executive  session,  the  neces- 
sary committees  were  appointed,  and  an  adjournment  was 
taken   until   the    afternoon   business   session. 

There  was  a  liberal  program  of  entertainment  in  every 
event  of  which  the  ladies  were  included,  such  as  theater  par- 
ties, automobile  trips  to  Luna  Park,  Euclid  Beach  Park  and 
through   the   park   system   of   the   city. 

On  Wednesday  evening  an  enjoyable  entertainment  was 
given  in  Assembly  Hall,  comprising  the  following  numbers: 
Jliss  Doris  Siegrist,  of  Cleveland:  H.  R.  "^'under,  of  Cincin- 
nati: E.  C.  Adams,  Anchor  Packing  Co.;  Billy  Murray  and 
Joe  McKenna,  of  Jenkins  Bros.;  George  E.  Andrews  and  Jack 
Armour,   of  "Power." 

On  Thursday  evening  there  was  a  moonlight  sail  on  Lake 
Erie. 

On  Friday  evening  a  banquet  w^as  held  at  w^hich  300 
covers  were  laid.  At  the  close  of  the  service  the  toastmaster, 
Robert  G.  Ingleson,  introduced  Henry  C.  Senn,  who  gave  a 
short  address,  followed  by  Frank  Martin,  of  Jenkin  Bros. 
Fifteen  minutes  of  entertainment  was  given  by  Jack  Armour. 
At  the  closing  session  of  the  delegates  the  following- 
grand    officers    were    elected    for    the    ensuing    year:      Henry 


C.  Senn,  past  chief:  William  Armstrong,  chief;  Charles  F. 
Siegrist,  assistant  worthy  chief:  Nathan  J.  Burdick,  secretary: 
Herbert  E.  Terry,  treasurer;  Frank  M.  Townsend.  warden; 
Samuel  J.  Hunt,  guard:  P.  H.  Early,  chaplain:  O.  N.  Pomeroy, 
historian;  Prank  Conroyd,  John  Moore  and  Andrew  Bennett, 
trustees.  Immediately  preceding  the  election  of  officers  the 
annual   memorial   services  were   held. 

Rochester,  N.  T.  was  selected  as  the  next  convention  citj, 
in    August    1915. 

THE    EXHIBITORS 
American    Steel    &    Wire    Co.         McDonough   Regulator  Co. 
Bishop,  Babcock   &  Becker  Co.    McLeod    &    Henry    Co. 


Buckeve   Chemical  Co 
C.    E.    Squires   Co. 
Cleveland    Feed    Water    Regu- 
lator  Co. 
Cleveland   Mfg.    &   Supply   Co. 
Consumers    Rubber    Co. 
Crandall    PacKing    Co. 
Dearborn    Chemical    Works. 
Diamond    Power   Specialty    Co 
Engineers'   Appliance   Co. 
Federal    Graphite    Mills 
Garloek    Packing    Co. 
Goodyear  Tire  &  Rubber  Co. 
Greene.    Tweed   &  Co. 
Griscom-Russell  Co, 


Co. 
■Power" 

Quaker  City  Rubber  Co. 
R.    J.    Bissett    Co. 
Skinner   Engine   Co. 
Standard    Oil    Co. 
Standard   Waste   &  Mfg.    Co. 
Strong,    Carlisle    &    Hammond 


Co. 

The 


Harmon       Feed 
Power    Specialty    Co. 
The   Lunkenheimer   Co. 
The    Thompson.    Hayes    Co. 
The  V.   D.   Anderson   Co, 


Wate 


Hawkeve    Boiler  Compound  Co.  The  Universal  Lubricating  Co. 

Hill.    Hubbell    &    Co.  The    William    Powell    Co. 

Ingersoll-Rand   Co.  Tomlinson       Steam       Specialty 

Jenkins   Bros.  Co. 

John  A.  Roebling  Sons'  Co.  Trill   Indicator   Co. 

Keystone    Lubricating   Co.  Union  Iron  Works 

Lagonda     Manufacturing    Co.  William   Patterson    Supply    (.o. 

Liberty    Manufacturing    Co.  Yarnall,  Waring  Co. 


\(S    IDescFaptioHa       '^ 


The  table  of  the  principal  equipment  in  the  plant  of  the 
Dime  Savings  Bank  Building,  Detroit,  Mich.,  accidentally 
omitted  from  the  article  as  it  appeared  in  the  last  issue,  is 
printed  on  the  next  page. 


Canadian  ^Vate^  Power  Exhibit — At  the  Panama-Pacific 
Exposition  in  San  Francisco  next  year  an  interesting  exhibit 
in  the  Canadian  building  will  include  a  series  of  models  of 
typical  water  power  plants  from  the  Atlantic  to  the  Pacific. 
These  will  be  arranged  in  a  semicircle  in  front  of  a  painting 
75  feet  long  by  9  feet  high,  presenting  a  birdseye  view  of  the 
whole  Dominion,  with  all  the  known  water  powers  indicated, 
whether  developed  or  not. 
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jrxriL  OF  ExGixKKiiS,  Cleveland,  ().,  August  4  to  8 


No.        Equipment 


Ivind 


4  Boilers Stirling  type  S  spe- 
cial  

4  Stokers Taylor,  three- 
retort  

1  Traveling  buc- 


PRINCIPAL  EQUIPMENT  OF  DIME  SAVINGS  BANK  BUILDING  PLANT 

Size  Use  Operating  Conditions 

350  hp Generate  steam 150  lb.  pressure,  no  superheat. .  , 

Boiler  furnace Mechanically  operated 


Bubfrock  &  Wilcox  Co. 
American  Engineering  Co. 


ket.. 


Mo 


1  Fan "Sirocco" 

1  Fan Steel  plate 

1   Engine Simple  vertical. 

1  Motor Variable  speed. . 

2  Meters Venturi 


900  lb Coal  ^  from    bunker     to 

boiler Motor  driven,  Howe  suspended  scale Yale  &  Towne  Mfg 

No.  8 Forced  draft  to  stokers.   Engine-driven,  capacity  3600  cu.ft.  per  min..  .    American  Blower  C 


40x28-in. .  . 

7x8-in 

60  hp 

4xl-in.  tub. 
in.  tube. 


2x|- 


Forced  draft  to  stokers  Motor-driven,  capacity  3600  cu.ft.  per  min. .    .  B.  F.  Sturtevant  Co. 

Drive  forced  draft  fan .  .   230  volt,  150  lb.  pressure,  600  r.p.m B.  F.  Sturtevant  Co. 

Drive  forced  draft  fan Crocker-Wheeler  Co. 

Holly 


2  Pumps Duple 


2  Injcctori 
1  Pump.. 
1   Pump,. 


2  Motors 

2  Pumps 

2  Pumps 

1  Refrigerating 
system .... 


U.S 

Triplex 

Centrifugal,  f  o  i 

.stage 

Direct  current. . . 

Simplex 

Centrifugal 


Boiler    feed 

loop 

1500  hp Heat  boiler  feed Exhaust  < 

Each     1400    gal. 

per  hr Hot  water Exhaust  or  live  steam Warren  Webster  &  Co. 

7Jx5xl0-in Boiler  feed 150  lb.  pressure,  SO  ft.  per  min The  Blake  &      Knowles 

Pump  Works 

2-in Boiler  feed 150  lb.  pressure,  lift  310  ft American  Injector  Co. 

5Jx8-in Hou.se  pump Motor  driven,  45  r.p.m The  Deming  Co. 

2-in House  pump Motor-driven,  1100  r.p.m Kerr  Turbine  Co. 

15  hp.  and  20  hp.  Drive  house  pumps.    .      230-volt,  1100  r.p.m Crocker-Wheeler  Co. 

10xl6xl0-in Vacuum  heating  system  40  ft.  per  min Warren  Webster  &  Co. 

4  in Sump Motor  driven,  1100  r.p.m Yeomans  Bros. 


Absorption 30  ton.. 


2  Pumps 
2  Pumps 
1  Pump.. 


Burnha 
Duplex 


.  simple 
1  simple 
1  simple 


6ilx4x8-in.. 
10xK)xl2-ii 
8x3Jxl2-in 
12x6ixl2-ii 


Double  alters 8x8  ft. 


Restaurant  and  drink- 
ing water Exhaust  steam 

Drinking  water 150  lb.  pressure.  50  ft.  per  i 

Brine 150  lb.  pressure,  50  ft.  per  i 

Aqua 1,50  lb.  pressure,  .50  ft.  per  t 

Hydraulic  money  lift 
and  passenger  eleva- 
tor     1.50  lb.  pre.ssun.,  .W  ft.  per  I 

Purify  house-service  wa- 


5  Engines Four-valve 

5  Generators. . .  .    Direct  current. . 
5  Lubricators. .  .    Force  feed 


2  Filters.. 
0  Motors. 


17x27-in 
200  kw.. 
2  feed.. 


tcr. 


Direct  traction . 


50  gal 

Eight  25  hp.. 
30  hp 


Main  units 150  lb.  pressure,  150  i 

Main  units 115-230  volt,  1.50  r.p.i 

Lubricate  engine  cylin- 
ders     2  strokes  per  min. .  .  . 

Filter  spent  oil 


Carbondalo  Machine  Co. 
Union  Steam  Pump  Co. 
I'nion  Steam  Pudii>  Co. 
ITnion  Steam  Pump  Co. 


The     Blake    &    Knowles    t 
Pump  Works 

Wm.  B.  Scaife  &  Sons  Co. 
Ball  Engine  Co. 
Croeker-Wheeler  Co. 


Nos.  6,  7,  8  and 


il. 


42-ii 


5  Motors Direct-current.. 

4  Exhausters.. . .  ".Sirocco" 

4  Mot<)m. .....  Direct-current.. 

2  Air  washers. . .  No.  1 

1  Vacuum  clean- 

er   Rotary  valve..  . 

i   Motcir Dircff-current. . 

2  Air..„nipri.s..>»  V.rti.-al 

2  Motors Diri-et-current.. 

1  Water  weigher  Balancing  typo. 


Venturi. 

Total  40  hp 

Nos.  4.  5  and  6. , 
Total  22  hp... 
No.  1 


Fresh  air Motor-driven,  213  to  320  r.p.m An 

Drive  fn-sh  air  fans.  .  .    220-volt.  213  to  320  r.p.m Crocker- Wheeler  Co. 

Exhaust  air Motor-driven American  Blower  Co. 

Drive  exhaust  fans 220-volt,  260  to  400  r.p.m Crocker-Wheeler  Co. 

Restaurant  and  bank Warren  Webster  &  Co. 


Building  service Motor  driven,  350  r.p.m American  Rotary  Valve  Co. 

Drive  vaeimm    cleaner.   230-volt,  800  r.p.m Crockci^W heeler  Co. 

htv  -     .        - 


4  swccpera 

15  hp _  - .   

6x4  J  in Compressed  air  service .    Motor-driven,  .500  r.p.m Gardner  Governor  Co 

3  hp Drive  air  compressors. .   230-volt,  1100  r.p.m Crocker-Wheeler  Co. 

20.(HKt  lb.  per  hr.  RolurnH    from    beating 

system ■  ■  ■  .    Willcox  Engineering  ( 
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Caiia^dlia.EJi  Associa^i®ira's  T'weiratty- 


m. 

The  tvventy-fifih  annual  convention  of  the  Canadian  As- 
set iation  of  Staiionury  Engineers  was  held  at  Ottawa,  Ont., 
on  July  2S,  29  and  30.  There  was  a  large  increase  in  the 
number  of  delegates  in  attendance  over  the  past  few  years. 
The  nieetingrs  were  held  in  the  board  room  of  the  Ottawa 
Amateur  Athletic  Association  Building,  and  the  spacious 
gymnasium  .adjoining  was  conveniently  and  tastefully  ar- 
ranged for  the  display  of  power-plant  equipment,  under  the 
auspices   of  the   Canailian   Supplymen's    Association. 

The  opening  exercises  of  the  convention  took  place  at 
two  o'clock  on  Tuesday  afternoon.  Executive  President 
Samuel  E.  Cosford,  pre."=iding.  After  .a  short  address  by  the 
president.  Executive  Secretary  August  Kastella  introduced 
Mayor  McVeity,  who  cordially  welcomed  the  delegates  and 
their  friends  to  Ottawa.  He  pointed  out  the  beauties  and 
advantages  of  the  city  and  warmly  invited  the  company  to 
come  again.  John  E.  Robertson,  past  executive  president, 
responded  for  the  engin'-ers,  and  Ernest  A.  AVilkinson,  presi- 
dent of  the  Supplymen's  Association  .spolve  foi"  the  exhibitors. 
The  delegates  th'^r    went  into  executi\'e  session   and   after  the 


.\ssociation,  was  th'-  recipient  of  a  past  president's  jewel.  A 
vote  of  thanks  was  given  to  the  Ottawa  Board  of  Trade  and 
also  to  the  local  association  for  their  efforts  in  making  the 
convention    a    success. 

The  Supplymen's  Association  elected  the  following  officers: 
A.  C.  Pulver.  president;  Herman  L.  Feller,  first  vice-president; 
C.  G.  Peterson,  second  vice-president;  J,  B,  Faatz,  assistant 
secretary;  James  E,  Fiddes.  chairman  entertainment  commit- 
tee; Lewis  H,  Hager,  charman  reception  committee;  Earl  P 
Heatherington,  directoi-  of  exhibits. 

Hamilton,  Ont.,  was  selected  as  the  next  place  of  meeting 
in    July    1915. 

EXHIBITORS 
The  Dart  Union  Co.  turing    Co.,    Ltd, 

The  Goldie  &  McCuUoch  Co.  The  James  Morrison  Brass 
"The  Canadian  Manufacturer"  Manufacturing    Co.,    Ltd. 

Peerless    Rubber    Manufactur-    Jenkins  Bros, 

Joseph    Dixon    Crucible    Co, 


Imperial    Oil    Co.,   Ltd, 

The  H,  W,  Johns-Manville  Co. 

Anchor  Packing  Co, 

E,   Leonard   &   Sons 

Canadian     AUis-Chalmers     Co, 

Perolin     Co,     of     Canada,     Ltd, 

McHaughton    Grate    Bar    Co, 

Boiler  Repair  &  Grate  Bar  Co, 


"The  Power  House" 
"Power" 
Quaker  City   Rubber  Co, 
Canadian    Griscom-Russell    Co 
Cling-Surface    Co, 
Dearborn    Chemical    Co, 
The   Lunkenhelmer   Co. 
Peiler  &  Co, 


Standard     Sanitary     Manufac-    Garlock   Packing   Co. 


At  thk  Canadian  .Association  of  Stationary  Engineeks'  Convention.  Ottawa,  July  38-30 


appointment    of    the    necessary    committees    the    meeting    was 
adjourned    until    three    o'clock. 

.\t  the  several  business  sessions  important  matters  of 
general  interest  to  the  engineers  were  discussed  and  passed 
upon.  The  reading  of  the  treasurer's  report  showed  the  organ- 
ization to  be  in  a  sound  finnncial  condition.  An  important 
measure  was  passed  by  the  deelgates  in  the  appointing  of 
a  committee  to  confer  with  the  government  board  to  request 
the  adoption  of  graded  certificates  of  license,  the  Govern- 
ment to  decide  as  to  the  ability  of  the  engineer.  At  present 
there   is   but   one   certificate  issued. 

The  Ladies  Atixiliiry  met  in  executive  session,  and  had 
a  successful  meeting  and  new  names  were  added  to  the  list 
of    membership. 

The  entertainment  program  included  automobile  drives 
throughout  the  city  for  the  ladies  and  visits  to  the  Govern- 
ment mint,  RockliFe  Park  and  the  residence  of  the  Governor- 
General    of   Canada, 

On  "Wednesday  aft&rnoon  there  was  a  boat  ride  to  Belle 
Isle  Park  by  invitation  of  the  Supplymen,  There  was  a  good 
program  of  outdoor  sports  of  all  kinds,  with  prizes  (or  each 
event.  The  baseball  game  between  the  Engineers  and  the 
Supplymen  was  won  by  the  latter  by  the  score  of  11  to  7. 
A  good  band  of  music  was  in  attendance  and  refreshments 
■were   served. 

On  Tuesday  evening  a  banquet  was  given  by  Capital  City 
Lodge  at  the  Russell  Hotel,  at  which  200  covers  were  laid, 
.A.fter  partaking  of  an  appetizing  dinner  August  Kastella, 
the  toastmaster,  introduced  the  following  speakers;  Mayor 
McVeity,  Comptroller  McLean,  ex-Mayor  Hopewell,  Charles 
Heitzman,  A,  M.  Wickens.  M,  R,  Griffiths,  A.  C.  Pulver,  E,  A, 
"^Vilkinson,  George  G.  Lee,  Samuel  Cosford.  William  Merrill, 
Henry  Thompson,  Alexander  Campbell  and  B.  L.  Thompson. 
An  enjoyable  entertainment  was  furnished  by  Earl  F, 
Heatherington.  James  E.  Fiddes,  Foley  and  Neville  and  Jack 
Armour. 

At  the  final  meeting  of  the  delegates  the  following  ex- 
ecutive officers  were  elected;  Samuel  E.  Cosford,  of  Hamil- 
ton, past  president;  Alfreil  "W.  Heath,  of  Hamilton,  president; 
Robert  Dyson,  of  Guelph,  vice-president;  John  Hale,  of  Ham- 
ilton, secretary;  'William  E,  Archer,  of  Toronto,  treasurer; 
William  G.  Forbes,  of  Montreal,  conductor;  Ernest  Horan, 
Owen  Sound,  doorkeeper.  The  officers  were  installed  by  Past 
President  John  E.  Robertson.     August  Kastella,  of  the  Ottawa 
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Injury  Cauned  by  Backfire  of  Gas  Bnstnc — Liability  for 
injury  to  the  engineer  of  a  stationary  gas  engine,  caused  by 
Ijackfiring  through  an  open  intake  pipe  in  front  of  which  he 
was  standing,  was  sustained  by  the  Wisconsin  Supreme  Court 
in  the  late  case  of  Jahn  vs.  Northwestern  Lithographing  Co,. 
146  "Northwestern  Reporter."  1131,  In  affirming  judgment  In 
favor  of  plaintiff,  the  engineer,  the  court  decided  that  the 
jury  was  warranted  in  finding  that  the  employing  company 
did  not  provide  a  safe  place  of  employment,  as  required  by 
the  laws  of  the  state,  although  the  location  of  the  intake 
pipe  on  a  level  with  plaintiff's  face  was  temporary  only,  while 
a  test  of  newly   installed   equipment  was  being  made. 

Duty  to  Insulate  Electric  Power  Wires — An  electric  power 

company  cannot  escape  liability  for  death  of  a  person,  result- 
ing from  his  coming  in  contact  with  a  high-voltage  wire 
which  the  company  negligently  permitted  to  remain  uninsu- 
lated, by  showing  that  similar  wires  carrying  similar  cur- 
rents elsewhere  were  not  insulated,  o:-  that  insulation  would 
be  expensive.  (Massachusetts  Supreme  Judicial  Court,  Phil- 
bin  vs.  Marlborough  Electric  Co.,  105  "Northeastern  Re- 
porter,"   S93,) 

State  Control  of  Navijcation — It  is  beyond  the  power  of  a 
state  to  grant  the  right  to  a  water  power  company  to  control 
navigation  on  a  navigable  stream  In  reaching  this  decision 
in  the  case  of  Long  Sault  Development  Co.  vs.  Kennedy,  105 
"Northeastern  Reporter,"  849,  the  New  York  Court  of  Appeals 
said: 

As  long  as  the  waters  are  maintained  as  navigable,  they 
remain  public  wators  of  the  state:  and  as  long  as  they  re- 
main public  waters  of  the  state,  the  state  is  bound  to  retain 
control   over   them   In   the   public   interest. 

In  this  case  the  court  adjudged  to  be  unconstitutional  a 
law  enacted  by  the  New  York  legislature  in  1907,  giving  the 
Long  Sault  Development  Co.  the  right  to  maintain  dams,  etc, 
in  the  St.  Lawrence  River  in  connection  with  a  power  project 
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EDWIN    F.   AVILLIAMS 

Edwin  F.  Williams  died  at  his  home.  263  West  Eleventh 
St.,  Erie,  Ta.,  on  Tuesday  morning.  July  2S.  He  had  been  in 
failing-  health  for  several  years  and  the  cause  of  his  death 
was  general  breakdown.  He  is  survived  by  Mrs.  Evaline 
Williams  and  a  daughter,  Miss  Edwina  Williams,  who  resides 
in    New    York. 

Mr.  AVilliams  was  born  in  Ohio  of  Quaker  parentage,  the 
youngest  of  a  family  of  eight  which  moved  to  a  new  settle- 
ment in  central  Iowa  in  1S>54.  In  the  latter  ijart  of  the  Civil 
War  he  served  as  private  in  Company  B,  Forty-eighth  Iowa 
Infantry.  Immediately  after  his  discharge  he  went  on  a  hunt- 
ing expedition  with  two  army  comrades,  out  on  the  Sioux 
River,  which  was  then  on  the  extreme  edge  of  civilization. 

On  the  advice  of  an  old  river  engineer,  he  entered  a 
blacksmith's  shop  as  apprentice,  preparatory  to  a  strikers' 
position  on  a  boat.  After  serving  two  years  at  blacksmith- 
ing,  he  took  up  fl.aiionary  engineering.  Having  worked  a 
while  in  a  machine  shop  in  Cincinnati,  he  secured  his  first 
position   as  engineer  in   a  small  sawmill   near  Mount  Sterling, 


Edwin  F.  Wii.i.rAMs 

He  worked  for  two  years  in  a  distillery  in  Bourbon  County, 
Ky.  The  next  reason  he  took  charge  of  a  large  engine  and 
battery  of  boilers  in  Chambers  sawmills,  at  Muscatine,  Iowa. 
After  this  he  served  some  time  as  assistant  miller  in  a 
water-driven  flour  mill  in  W'lnneshlck  County,  Iowa.  In  1870, 
he  went  into  the  government  service,  commissioned  as  en- 
gineer in  charge  of  the  engineering  dep.artment  at  the  new 
agency  for  the  Cheyenne  and  Arai)ahoe  Indians,  being  then 
established  on  the  north  Canadian  river,  eighty  miles  north 
of    Fort    Sill,    Indian    Territory. 

A  year  afterward  he  wint  to  thr>  mining  camp  of  Central 
City,  Colo.,  and  engaged  in  running  and  repairing  mill  and 
mine  engines  and  other  machinery.  He  then  returned  to 
Iowa  and  began  a  course  of  education  in  tlie  high  school 
at  Boonsboro.  Graduating  from  this  school,  he  entered  the 
State  University  at  Iowa  City,  paying  particular  attention 
to  those  Iiranches  of  learning  which  would  aid  him  In  his 
future  engineering  work.  Running  out  of  funds,  he  returned 
to  Centiiil  City  and  tools  up  the  old  work,  and  at  this  time  he 
'oegan  to  Invent  things,  his  first  work  being  a  friction  clutch 
for    mine    hoists. 

Securing  a  patent  and  some  financial  assistance,  he  made 
n  trip  to  rhlladeli'hla  and  attended  the  Centennial  Exhibition 
In  that  city  In  187fi.  Here  he  first  saw  Charles  T.  Porter,  for 
whose  wonderful  work  he  had  a  sincere  admiration  which 
n<vi'r  lessened.  Not  being  able  to  make  satlsfnctory  arrange- 
ments for  the  manufacture  of  the  friction  clutch,  he  went  to 
Council  I'.lnffs,  Iowa,  and  there,  with  the  pattern  maker  at 
the  Council  Bluffs  Iron  Works,  he  designed  a  semi-portable 
hoisting  engine,  using  the  Williams  clutch  for  engaging  and 
UUcngaglng  the  winding   drum   without   stopping   the   engine. 


One  was  built  and  was  a  success.  The  Council  Bluffs  Iron 
Works,  represented  by  The  Hendrie  &  Bolthoff  Manufacturing 
Co.,  of  Denver  and  Central  City,  Colo.,  took  up  the  manu- 
facture and  sales  on  a  royalty.  A  large  number  of  these 
outfits  was  sold,  but,  by  a  technicality,  the  royalties  were 
not  collectible  after  the  first  few. 

Mr.  Williams  then  took  up  his  real  life  work,  the  study  . 
and  development  of  the  steam  engine.  After  some  five  years' 
experience  as  erecting  engineer  and  expert  for  Hill,  Clark 
&  Co.,  Boston:  the  Hartford  Engineering  WorIvS,  Hartford, 
and  the  Southwark  Foundry  &  Machine  Co.,  Philadelphia,  he 
designed  and  had  built  his  first  engine,  a  7x8-inch  automatic 
cut-off,  at  the  shops  of  Charles  F.   Elmes,  Chicago,  111. 

During  his  engagement  with  the  Southwark  Foundry  & 
Machine  Co.,  he  made  a  deep  study  of  the  effects  of  inertia 
in  the  reciprocating  parts  of  the  steam  engine,  and  to  verify 
the  results  of  his  calculations  he  invented  and  had  built 
at  the  Crosby  Steam  Gauge  &  Valve  Manufacturing  Go's 
works,  Boston,  an  instrument  which  he  applied  to  some 
Porter-Allen  engines,  and  di'ew  curves  representing  the  inertia 
force  at  the  various  points  of  the  stroke,  which  substantiated 
the  correctness  of  his  calculations.  This  he  named  the 
inertia  instrument,  and  he  wrote  a  series  of  articles  on  the 
subject  which  appeared  in  the  "American  Machinist"  in  1884 
and    1885. 

Before  the  completion  of  his  first  engine,  orders  were 
obtained  for  two  larger  ones  which  were  put  into  regular 
service  in  Chicago.  The  valves  of  these  engines  consisted 
of  a  main  valve  driven  directly  from  an  eccentric  on  the 
crankshaft  and  a  balanced  cut-off  within  it,  driven  by  a 
shaft  governor.  The  valves  had  flat  faces,  and  the  main 
valve  was  balanced  by  a  pressure  plate  at  its  back,  wholly 
surrounded  by  live  steam  and  exhausting  within  or  under 
the  balance  plate.  After  some  experience  with  these  valves, 
much  difflculty  being  experienced  in  keeping  such  larrre 
pressure  plates  straight  and  free  from  leakage,  he  decided 
to  change  the  system,  dividing  the  large  pressure  plate  into 
two  smaller  ones,  placed  one  at  each  end  of  the  steam  chest 
admitting  live  steam  into  the  intervening  space  and  exhaust- 
ing out  the  ends.  It  constituted  in  fact  a  piston  v:ilve  of 
rectangular  section  provided  with  pressure  plates  havinr 
means  for  taking  up  the  wtnr.  This  valve  system  proved 
successful,  and  trial  steam  tests  shOTved  remarkably  good 
economy   even  after   much   use. 

The  governor  consisted  of  two  weight  arms,  one  on  each 
side  of  the  main  shaft,  to  which  were  attached  weights  and 
springs  in  the  usual  way  and  connected  to  the  cut-off  eccen- 
tric in  a  manner  to  lengthen  or  shorten  the  period  of  steam 
admission  b.v  revolving  it  around  the  shaft  forward  or  back. 
Believing  the  effects  of  inertia  could  be  utilized  to  advantage, 
an  "inertia  wheel"  was  mounted  on  the  crankshaft  beside 
the  governor  on  a  frictionless  roller  Ijearing,  links  so  attach- 
ing it  to  the  governor  arms  that  the  inertia  effect  of  the 
wheel,  when  the  engine  speed  accelerated,  would  have  a 
tendency  to  lift  the  weight  arms,  shortening  the  period  of 
steam  admission,  and  when  the  speed  was  retarded  the 
tendency  was  to  depress  the  weight  arms,  giving  the  engine 
more   steam. 

After  many  trials  with  the  inertia  wheel  attached  and 
detached  to  the  weight  arms,  it  was  decided  to  abandon  the 
inertia  wheel  as  the  regulation  did  not  appear  to  be  benefited 
by  its  use       This  experiment  was  tr'ed  in  18SG   or  1887. 

Mr.  Williams  here  became  a  firm  believer  in  compound 
engines  and  unhesitatingly  advocated  them.  The  immediate 
result  was  an  order  from  the  Chicago  Arc  I.ilght  &  Power 
Co.,  under  the  advice  of  Its  able  engineer,  J.  A.  Dyblie,  for 
two  horizontal,  tandem  compound  engines  of  500  horsepower 
each.  The  order  to  build  them  was  given  to  William  Tod 
&  Co,,  Youngstown,  Ohio,  under  Mr.  Williams'  personal  super- 
vision. These  engines  were  entirely  successful  and  were  the 
pioneers  of  compounding  in  electrical  service  In  this  country. 

The  Williams'  engine  business  was  then  taken  up  by 
Falrlianks,  Morse  &  Co.,  Chicago,  who  built  a  shop  for  their 
manufacture  at  Belolt,  Wis.,  Mr.  Williams  being  employed  ar 
superintendent.  A  year  or  so  afterwards  he  gave  up  this 
position  and  accepted  an  offer  from  the  I^ake  Erie  Engineer- 
ing Works,  of  Buffalo,  N.  Y.,  and  furnished  them  a  new  design 
of  vertical  compound  and  triple-expansion  engines,  the  verti- 
cal design  then  coming  into  favor  on  account  of  the  limited 
floor  space  required. 

These  engines  were  equipped  with  a  new  system  of  valves 
and  governor.  Four  valves  were  used  for  each  cylinder, 
the  steam  and  exhaust  being  on  opposite  sides  of  the  bore 
and  driven  separately.  These  v.alves  were  of  the  four-post 
construction,  operating  under  pressure  plates.  They  were 
originally  solf-adjusting  because  of  the  difficulty  experienced 
In  machining  them  perfectl.v.  The  self-adjusting  feature  was 
afterwards  abandoned  and  the  valves  cast  In  one  piece.  The 
governor  was  of  the  one-armed  gravity  balanced  type,  which 
Mr.   Wllllama  used   In  all   his   future  work. 
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A  number  of  engines  was  turned  out,  the  most  noted  one 
perhaps  -svas  the  one  installed  at  the  Intramural  power  house 
at  the  World's  Fair,  Chicago,  in  1S93.  This  engine  was  a 
vertical  compound,  directly  connected  to  an  SOO-kw.  General 
Electric  generator,  one  of  the  first  ever  built. 

On  July  4,  expecting  heavy  traffic  on  the  road,  a  1500-kw. 
Corliss  driven  unit  was  put  into  service,  assisted  by  a  oOO-hp. 
Greene  engine  belted  unit;  a  300-hp.  Mcintosh  &  Seymour,  a 
400-kw.  tandem  Corliss  and  the  'U'illiams  SOO-kw.  vertical 
unit  were  to  be  kept  in  reserve.  When  the  first  heavy  pull 
came  on,  an  accident  happened  to  the  1500-kw.  generator, 
putting  it  out  of  service.  The  Greene  and  the  Mcintosh  & 
Seymour  were  forced  to  lay  down  also.  The  attempt  was 
then  made  to  run  the  Williams  and  the  tandem  100-kw.  Cor- 
liss in  parallel.  The  Corliss  was  soon  brought  to  a  standstill 
and  had  to  be  thrown  out.  To  everyone's  surprise  the  Wil- 
liams vertical  took  the  whole  load  with  perfect  ease,  carried 
it  the  rest  of  the  day,  and  ran  the  load  exclusively  for  some 
weeks    following. 

After  leaving  the  Lake  Erie  Company  at  the  close  of  tha 
World's  Fair,  Mr.  Williams  entered  into  a  contract  with 
William  Tod  &  Co.,  he  having  charge  of  the  New  York  office, 
where   the  sales  were  made  and   the  drawings   executed. 

After  having  installed  some  fourteen  engines  under  this 
arrangement,  averaging  approximately  SOO  hp.  each, 
the  business  boom  of  1900  came  on  and  filled  the  William  Tod 
works  with  work  for  the  iron  industries  for  long  periods  in 
the  future,  and  the  building  of  the  Williams  engines  was 
discontinued.  The  association  with  the  William  Tod  Co.  was 
most   pleasant   from    beginning   to   end. 

Mr.  Williams  then  redesigned  his  engines,  using  the  old 
Williams  flat  valves  in  the  high-pressure  cylinders  and  four 
gridiron  valves  operated  across  the  cylinders  by  a  new  system 
of  levers  on  the  low-pressure  cylinders.  The  high-pressure 
valve  being  operated  by  the  governor  and  the  low-pressure 
steam   and   exhaust   by   separate   eccentrics. 

It  was  his  belief  that  a  single-valve  governor  control 
on  the  high-pressure  cylinder  and  a  fixed  cut-oft  on  the 
low-pressure  was  advisable  on  account  of  its  simplicity,  and 
that  the  economy  in  the  use  of  steam  would  not  be  inferior 
to  engines  having  independent  cut-off  on  the  high-pressure 
and  governor  control  on  the  low-pressure  cylinder  as  well 
as  on  the  high-pressure,  as  at  normal  load  the  same  distribu- 
tion of  pressures  would  be  effected  by  either  system,  and 
there  could  be  no  rational  difference  IJi  the  economy,  other 
things    being    equal. 

XJrders  were  taken  for'  seven,  two  being  of  the  single- 
cylinder  type,  and  they  were  built  in  shops  where  they  had 
no  knowledge  of  the  T^'illiams  engines.  But  they  were  not 
built  satisfactorily  and  did  not  turn  out  well.  This  was  dis- 
heartening, and  the  work  was  dropped  until  proper  building 
facilities  could  be  secured.  A  company  was  then  organized 
at  Quincy,  111.,  with  Mr.  Williams  as  chief  engineer,  the  busi- 
ness being  managed  by  Thomas  Hill  and  Edward  C.  Wells. 
A  number  of  engines  were  put  into  successful  service,  all 
vertical. 

The  steam  turbine  then  came  on  the  market  and  ruined 
the  vertical  reciprocating  engine  sales.  This  was  a  great 
blow  to  the  new  Quincy  enterprise,  and  he  severed  his  con- 
nection and  came  East.  Robert  Wetherell  &  Co.  then  built 
a  pair  of  his  vertical  compounds  for  Xorth  Beach,  L.  I.,  which 
were    very    satisfactory. 

After  completing  the  drawings  for  these  engines  he  spent 
some  time  on  drawings  of  a  new  steam  turbine  for  E.  H. 
Ludeman  &  Co.,  of  New  York.  The  first  of  these  steam 
turbines  is  now  under  construction.  His  next  work  was  in 
the  capacity  of  a  coworker  with  P.  D.  Johnston,  of  Cold 
Spring,  X.  T.,  in  the  working  out  of  a  new  oil-burning  engine. 
While  at  Cold  Spring  Mr.  Williams  conceived  the  idea  of 
an  economical  high-speed  vertical  steam  engine  in  sizes  from 
30  to  450  horsepower,  and  on  leaving  Cold  Spring  took  up 
its  development.  This  engine  is  of  the  inclosed  self-oiling 
type,  with  two  sets  of  reciprocating  parts,  the  two  high- 
pressure  pistons  being  single-acting  and  the  two  low-pressure 
pistons  double-acting. 

JOHN  B.  ALLAN 
John  B.  Allan,  a  prominent  engineer  and  salesman  identified 
with  the  power  plant  field,  died  on  July  28  at  his  home  in 
Oak  Park,  IlL  He  was  born  in  Davenport,  Iowa,  in  1S60  and 
received  his  common  and  high-school  education  in  that  city. 
He  completed  a  course  in  mechanical  engineering  at  the 
Worcester  Polytechnic  Institute,  graduating  with  the  class 
of  18S0.  Mr.  Allen  entered  the  employment  of  Edward  P. 
Allis  &  Co.  in  ISSl  and  served  in  various  capacities  until 
he  was  made  manager  of  the  Chicago  office,  which  was  the 
first  branch  office  started  by  the  company.  Mr.  Allan  was 
prominently  Identified  with  the  early  development  of  the 
street   and    elevated    railways   of   Chicago.      He   sold    most    of 


the  power-house  equipment  at  the  time  the  systems  were 
changed  from  the  horse  cars  to  cable  cars  and  later  to 
electric  lines.  At  the  organization  of  the  Allis-Chalmers  Co., 
he  was  made  vice-president  and  general  manager,  which 
position  he  held  until  1904.  At  that  time  he  resigned  and 
was   made   general   Western    sales   manager   of   the   Westing- 
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house  Machine  Co.,  with  headquarters  in  Chicago.  In  1910 
failing  health  overtook  Mr.  .Mian  and  he  was  compelled  to 
give  up  active  business.  Probably  no  man  in  a  similar 
capacity  was  better  known   to   the  profession. 

Mr.  .\llan  had  been  in  failing  health  for  some  time  and 
the  immediate  cause  of  his  death  was  tumor  on  the  brain. 
Thousands  of  his  many  friends  throughout  the  country  will 
mourn  his  untimely  death.  He  leaves  besides  his  widow,  three 
children,  James  R.,  Ruth  R.  and  Margaret  B.,  and  a  sister, 
Mrs.  John  Graham  of  San  Diego,  Calif.  The  funeral  services 
were  held  at  the  residence  on  Friday  morning  and  the  burial 
was  at   Grand   Rapids. 


^m'W  EQUJEFMEHT 


ATL.^NTIC  COAST  ST.VTES 

The  City  Commission,  Bordentown,  N.  J.,  contemplates  in- 
stalling a  municipal  electric-light  plant  at  an  estimated  cost 
of   $40,000. 

Press  reports  state  that  the  .Singer  Mfg.  Co.,  Elizabeth, 
N.  J.,  will  build  a  new  power  station  at  its  plant  at  Elizabeth- 
port. 

The  Town  Council.  Gettvsburg.  Penn.,  plans  to  construct  a 
municipal  electric-light   plant.      .A.n   engineer   will   be   engaged 
to  prepare  plans  and  estimates  for  the  plant. 
SOUTHEHX   STATES 

The  Board  of  Aldermen.  Maben,  Miss.,  has  granted  a  fran- 
chise to  F.  H.  Mudd,  for  the  establishment  of  an  electric-light 
plant  at  Maben. 

Bids  will  soon  be  received  bv  the  city  of  Nashville.  Tenn.. 
for  a  motor-driven  pump.  The  bids  recently  received  were 
rejected  on  account  of  being  too  high. 

The  Cave  Citv  Ice  Co..  Cave  City,  Ky..  contemplates  in- 
stalling an  electric-light  plant  in  connection  with  its  present 
equipment.  ,  „  »,. 

Bids  will  be  received  bv  S.  D.  Jones.  Business  Mgr.,  of  the 
Board  of  Education,  Louisville,  Ky..  until  .\ug.  19.  for  the 
installation  of  heating  and  ventilating  equipment  in  the  Flat 
Lick   School. 
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By  K.  T.  Stkohm 

Gone  is  the  epoch  of  dark  superstitiousness ; 

Wisdom  and  reason  have  put  it  to  flight. 
Almost  forgot  are  its  folly  and  viciousness, 

Faded  and  dim  as  a  dream  of  the  night. 
Far  have  we  journeyed  and  fast  are  we  traveling, 

Leaving  Old  Ignorance  bogged  in  his  tracks, 
Yet  there  is  room  for  complaining  and  caviling; 

Still  there  is  work  for  the  fool-killer's  ax. 

Though  we  are  wondrously  wise  in  these  latter  days, 

Cynics  will  criticize,  snicker  and  smirk, 
Reading  of  boilers,  with  fires  banked  Saturdays, 

Bursting  on  Mondays  when  put  to  their  work. 
Maybe  it  chanced  through  a  fireman's  blundering ; 

Maybe  inspection  was  lacking  or  lax; 
Yet  we  arc  prone  to  a  natural  wondering 

Whether  there's  work  for  the  fool-killer's  ax. 

Spite  of  all  efforts  in  lines  educational. 

Spent  upon  ever>^  condition  and  rank, ' 
Some  one,  unconsciously  growing  sensational, 

Opens  the  blow-off  valve  wide  with  a  yank. 
iClscwise  some  idiot,  while  his  superior 

Seeks  in  a  boiler  for  jiitting  and  cracks, 
( )])ens  a  steam  valve  and  fills  the  interior. 

Yes,  there  is  work  for  the  fool-killer's  ax. 

Still  we  arc  cursed  l)y  some  absolute  dundcrpate 

Loading  the  safety-valve  lever  with  junk, 
Letting  the  scale  collect,  burning  the  under  plate, 

Courting  disaster  by  working  while  drunk. 
Round  up  these  rogues  who  are  acting  so  fearfully; 

Bind  them  securely,  their  hands  at  their  backs; 
Send  for  the  headsman  and  bid  him  come  cheerfully, 

Here  is  good  work  ior  the  fool-killer's  ax. 
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By  TiTdiiAs  WiLsox 


SYNOPSIS— A  ll'oO-l-w.  condensing  plant  furnishiny 
current  for  street  and  residence  lighting,  puw<r  and 
street-railway  serrice,  e.rliauxt  steam  for  I'cating  and 
making  ice,  besides  pumping  the  city  water. 

At  tlic  town  of  Ilillsboro.  111.,  wliicl!  lir.s  a  population 
of  'SOO,  are  Iwatod  tlio  otfioos  antl  the  main  plant  of 
the  Southern  Illinois  I.ifrht  &  Power  Co.  '.I'he  plant  is 
interesting,  as  it  supjilies  seven  tlilTerent  serviees  in  the 
home  town  and  current  to  a  number  of  surrounding 
towns.  There  are  90  miles  of  transmission  lines'  lon- 
necting  the  various  substations,  and  where  heatin<v  is 
also  required,  prime  movers  are  installed  to  operare  in 


di\ide  the  total  costs  lietwcen  the  various  services  of  the 
plant. 

Brietlv,  the  equipment  consists  of  1144  hp.  in  four 
water-tulie  boilers,  althottgh  in  the  very  near  future  two 
400-hp.  boilers  will  be  added.  In  the  engine  room  there 
is  cajwcity  to  generate  ITSO  kw..  which  reduces  to  1.53 
kw.  per  hp.  of  boiler  rating.  With  the  new  boilers  in- 
stalled, the  ratio  w'ill  drop  to  0.9.  For  the  generating 
capacity  of  the  station,  the  boiler  power  is  high,  but  of 
course  steam  is  required  for  a  25-ton  absorption  refrig- 
erating plant.  During  the  heating  season  live  steam  U 
ttsed  occasionally,  and  during  the  colder  months  steam- 
driven  pumps  supply  the  city  w-ater.     There  is  also  a 


Fic.  i.     JIiLLyBOEO  Station  or  the  SouTHEitx  Illinois  Ltoht  &  Power  Co. 


parallel  with  the  main  slation.  Three-phase,  GO-eycle 
current  is  generated,  and  for  transmission  to  distant  sub- 
stations is  stepped  up  to  1G,500  and  33,000  volts.  In 
each  of  these  towns  the  arc  and  residence  lighting  and 
power  demands  arc  sui>])lied.  The  street-railway  load 
consists  of  the  Ilillsboro  and  Taylor  Spring  lines,  and 
besides  current  is  fed  into  the  McKinley  system.  Ex- 
haust steam  at  5-lb.  pressure  heats  the  business  district 
of  Hillsboro,  and  from  5,000,000  to  10,000,000  gal.  ])eT 
month  of  city  water  is  pumped  at  the  station.  It  may  be 
of  interest  to  learn  that  a  correspondence  school  student, 
Jesse  L.  Best,  while  completing  liis  studies,  was  direcHy 
responsible  for  the  layout  of  the  station  to  J.  J.  Fray, 
president  and  general  manager  of  the  company.  He  had 
charge  of  the  installation  of  the  machinery  and  is  now- 
chief  engineer.  As  soon  as  time  permitted,  he  worked  up 
an  e.xcellent  system  of  records,  so  that  it  was  possible  to 


probability  of  installing  additional  generators  as  the  load 
is  constantly  increasing. 

The  building.  Fig.  1,  is  a  two-story  brick  structure, 
:(ixl40  ft.,  equipped  with  fireproof  doors.  The  boiler 
and  engine  rooms  are  located  at  the  stack  end  of  the 
Ijuilding,  the  boiler-room  floor  being  on  a  level  with  the 
basement  under  the  engine  room.  In  the  latter  are  lo- 
cated the  condensers  and  some  of  the  pumps,  while  at 
the  opposite  end  of  the  building  is  the  ice-making  plant. 
At  the  right  is  a  new  transformer  house  and  at  the  left 
is  a  large  cooling  tower,  as  in  this  territory  the  supply 
of  water  is  limited. 

Boiler  Eoom 

As  intimated  jireviously,  there  are  four  2S(i-hp.  water- 
tube  boilers,  with  provision  for  the  early  installation  of 
two  more  rated  at  400  hp.  each.    The  operating  pressure 
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if,  l(J5-lb.  gage.  Each  boiler  is  equipped  with  a  shaking 
grate,  ?  ft.  3  in.  long  and  8  ft.  6  in.  wide,  set  3  in.  lowei 
at  the  rear  end.  Provision  was  also  made  for  stoker  set- 
tings, and  at  the  present  writing,  work  is  under  way  to 
install  chain  grates.  In  each  boiler  there  are  2858  sq.ft. 
o£  heating  surface  and  its  ratio  to  the  total  surface  in 
Uio  grate  is  4().-l  to  1.  The  eifective  surface  in  the  grate 
would,  of  course,  be  less,  so  that  the  true  ratio  would 
probably  reach  the  conventional  50  to  1. 

At  the  stack  the  breeching  measures  5  ft.  8  in.  by  10 
ft.  6  in.  and  gradually  tapers  toward  the  last  boiler.  The 
f3tack  is  of  reinforced  concrete,  offset  type,  8  ft.  in  diam- 
eter and  150  ft.  high.     Consequently,  the  breeching  area 


hr.,  while  the  hard  deposit  in  the  tubes  is  removed  by  a 
turbine  cleaner  driven  liy  air  compressed  to  CO  lb.  pres- 
sure by  a  locomotive  type  compound  air  compressor 
mounted  on  the  engine-room  wall.  From  each  boiler,  a 
7-in.  pipe  leads  to  a  10-in.  header  containing  an  angle 
valve  and  an  automatic  stop  and  check  valve. 

Water  for  feed  purposes  is  drawn  from  a  creek  14 
mile  distant  through  a  twin  filter  and  is  delivered  to  a 
1000-hp.  open  heatei-  which  receives  the  exhaust  from 
the  pumps.  Duplicate  feed  pumps  of  the  duplex  out- 
side center-packed  type,  10  and  5i/o  by  10  in.,  are  in- 
stalled and  are  controlled  by  pump  governors. 

The  coal  at  present  is  dumped  directly  from  railway 
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1?  50.5  s(|.ft.  to  50.2()  sq.ft.  in  (he  .stack.  For  every  Kr|uare 
foot  of  breeching  area  there  are  4.1  sq.ft.  of  connected 
grate,  and  for  1  sq.ft.  of  stack  area,  4.9  sq.ft.  of  grate. 
Per  horsepower  of  boiler  rating  tlie  stack  has  a  sectional 
area  of  0.011  sq.ft.,  or  (l.^  sq.in.  These  figures  run  close 
to  average  practice.  Illinois  screenings,  IVj-in.  Ilillsboro, 
is  the  fuel  burned.  The  draft  at  the  basTe  of  tlie  stack 
runt,  close  to  0.7  in.,  and  over  the  fiie  it  averages  from 
0.2  to  0.45  in.,  depending  on  the  thicknGs.s  of  the  fuel 
hed  and  the  condition  of  the  fires. 

The  boilers  are  provided  with  feed-water  regulators, 
and  a  water  meter  measures  the  supply.  Three-tier 
permanent  platfonns  give  access  for  blowing  and  trlean- 
ing  the  tubes.     The  blowing  is  done  by  sieam  every  24 


cars  into  a  20x88-ft.,  (JOO-ton  bin  at  the  side  of  the  boiler 
room.  Through  doors  at  the  bottom  of  the  bin  it  is  de- 
livered onto  the  boiler  room  floor  and  hand-fired  into 
the  furnaces.  The  plant  is  on  the  side  of  a  hill,  so  that 
the  elevation  of  the  ground  makes  this  arrangement  pos- 
sible. When  the  stokers  are  installed,  automatic  delivery 
to  their  hojjpers  is  contemplated,  but  the  method  is  still 
open  to  decision. 

EN'otxK  Room 

In  this  department,  shown  in  Fig.  2,  the  main  gen- 
erating units  are  two  750-kw.  two-stage  impulse  turbines 
driving  (hree-pliase.  (iO-cyele  generators  at  a  speed  of 
3600  r.p.m.    There  is  also  a  250-kw.  alternator  driven  .it 
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200  r.p.in.  bv  a  siinplo  uoiuoiulensing  20x20-iu.  ungine. 
This  unit  is  run  mostly  during  the  huatiug  season  to 
supply  exhaust  steam  at  5-lb.  pressure.  The  electrical 
load  is  varied  to  suit  the  demand  for  steam,  and  the 
balance,  ■\vhiih: is  the  greater  part  of  the  output,  is  car- 
ried by  one  of  Ibe  turlio-generators,  operated  condensing 
at  an  average  vacniuu  of  .JJSVs-in.  The  two  machines 
operate  in  parallel.  The  turbines  are  of  the  bleeder  tyj^e; 
that  is,  provision  has  been  made  to  draw  ofE  steam  be- 
tween the  stages  at  Ti-lb.  pressure  for  the  heating.  The 
engine  and  pumps,  however,  have  supplied  enough  ex- 
haust steam  so  that  there  has  been  no  occasion  to  call  on 
the  turbines.  The  condensers  are  of  the  surface  type, 
each  containing  2000  sq.ft.  of  surface,  or  3.47  sq.ft.  per 
kw.l)f  turbine' rating.  At  full  load  and  2SV-  in.  of 
vacumu,  the  turbines. will  develop  a  kilowatt-hour  on  1') 
lb.  pf  dry  saturated  steam,  so  that  at  full  load  there  will 
be 'an  hourly  discharge  to  the  condenser  of 
750  X  19  X  0.77  ==  10,972  lb. 
of  steam.  Of  this,  each  square  foot  of  surface  must  con- 
dense 4.22  lb.  The  turbine  e.xhaust  to  the  condenser  is 
30  in.  in  diameter,  and  to  pass  10,972  lb.  of  steam  pel 
hour,  equivalent  to  182.87  lb.  per  min.,  or  at  a  pressure 
of  0.7  lb.  abs.  85,821  cu.ft.,  would  necessitate  a  velocity 
of  nearly  17,500  ft.  per  min.  The  live  steam  supply  pipe 
to  each  turbine  has  a  diameter  of  414  in.  and  an  rea  of 
15.947  sq.in.,  which  amounts  to  0.0212  sq.in.  per  kw. 
of  turbine  rating  as  compared  to  0.94  sq.in.  for  the  ex- 
haust. Passing  182.87  lb.  per  min.  of  dry  saturated 
steam  at  1G5  lb.  gage  through  this  pipe  calls  for  a  ve- 
locity of  4191,  or  practically  5000  ft.  per  min. 

For  the  condensei's  the  circulating  water  and  the  con- 
densation are  handled  by  centrifugal  pumps.  Each  cii- 
culating  pump  (there  is  one  for  each  condenser)  has  r. 
lO-in.  suction  and  an  8-in.  discharge.  The  capacity 
being  1800  gal.  per  min.  permits  the  supply  of  82  lb.  ol' 
water  to  1  lb.  of  steam.  The  supply  is  taken  from  the 
creek  previously  mentioned,  and  from  the  condensers  is 
passed,  to  a  natural  draft  cooling  tower  44x55  ft.  in 
plan  and  70  ft.  high.  It  is  guaranteed  to  cool  2800  gal. 
of  water  per  minute  from  lOGi/o  to  85  deg.  when  the  out- 
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^ide  ti'mperature  is  75  deg.  and  the  humidity  70  jjer 
cent. 

Condensate  from  the  condensers  is  discharged  by  2-in. 
two-stage  turbine-driven  pumps  to  a  10,000-gal.  distilled 
water  tank.  A  small  part  of  tliis  water  is  drawn  off  for 
ice  making  and  the  balance  is  boiler  feed.  The  dry- 
vacuum  pumps  are  of  the  reciprocating  crank  and  fly- 
wheel tvpe  dimensioned  10x16x10  in. 

All  steam-driven  auxiliaries  and  the  engine  exhaust 
into  a  12-in.  main  at  a  level  lower  than  the  engine-room 


January,  1914 

Coal    consumed,    lb 2. 72'), 900 

Water  evaporated,  approx.,  11. 15,000.000 

Water  evaporated  per  lb.  coal,  lb 6.5 

Kw.-hr.    generated    228.630 

Kw.-hr.  delivered    210.840 

Kw.-hr.   used  in  station 16,590 

Kw.-hr.   used   in  ice   plant 1.200 

Ice   pulled,   lb 72,450 

Coal   for  ice,   lb 30,000 

Steam    for    ice.    lb 180,000 

Coal  for  steam   heat,   lb 200,000 

Steam    for   steam    heat,    lb 4,000,000 

Coal  for  pumping,  lb 158,000 

Coal  for  electric  service,  lb 1.915,800 

Coal    per   kw.-hr S.37 

Ice  per  ton  of  coal,  tons 2.4 

City  water  pumped,  gal 7,185,225 

Power   used    None 

Coal  for  storage,  lb 410,100 

Gas-plant  coal,  lb None 

Coal  sold,   lb 16,000 

COSTS  OF  rRODUCTION,  ELECTRIC 


Station    wages    

Coal; 

Cost    

Freight    and    drayage 

Handling    

Water    

Lubricants,  waste    

Supplies   and   expense 

Maintenance  of  boilers 

Maintenance  of  engines 

Maintenance  of  electric  apparatus.. 
Maintenance  of  miscellaneous  station 

Maintenance   of  buildings 

Power   in   station 


May.  1914 

2,380,900 

13,518,000 

5.68 

291,288 

261,961 

28.144 

1,183 

738.900 

170,000 

769,000 

None 

None 

180,000 

2,025.900 

6.95 

4.34 

5,060.375 

None 

None 

5,000 

None 


718.46 
84.50 
142,10 


20.75 
13.90 
44.27 
24.33 
1.30 
34.74 

2i5!67 


Total   costs    $1772.64 

Cost   per  kw.-hr 0.0077 


COSTS  IN  OTHER  DEPARTMENTS 
Steam  Heat  Ice  Di 


City  Pumping 


Wages   $43.00 

Coal: 

Cost    75.00 

Freight  and  dray..  8.00 

Handling    12.00 

Power    10. SO 

Supplies   and   expense      

Maintenance      miscel- 
laneous station 

equipment    28.04 


iEl«.  3.      yiEW   OS   THE   SWITCEBOAKD 


Total  costs $176.84  $165.72 

Cost   per  unit..,.    4.4c.  per  M.  lb.   $4.57  per  ton 

floor,  and  for  an  emergency  atmospheric  exliaust  the  tur- 
bines are  also  connected  to  this  main.  At  one  end  is 
the  heater  and  the  atmosjjheric  exhaust,  and  at  the  other 
end  the  main,  reducing  to  10  in.,  continues  to  the  busi- 
ness district,  where  it  supplies  exhaust  steam  at  5  lb. 
pressure  to  25,276  sq.ft.  of  radiation.  The  condensation 
from  this  surface  is  trapped  to  the  sewer  and  not  re- 
turned to  the  plant,  as  in  some  cases. 

To  supply  600-volt  direct  current  for  street-railway 
service  there  are  two  rotary  converters,  one  200  kw.  and 
the  other  300  kw.  There  are  two  35-kw.  exciters,  one 
motor-driven  and  the  other  driven  by  a  steam  turbine. 
The  latter  is  seldom  used.  The  switchboard.  Fig.  3,  is 
of  standard  design,  equipped  with  hand-operated  oil 
switches,  the  latest  instruments,  a  synchroscope  and  a 
Tirrell  voltage  regulator. 

For  pumping  the  city  water,  two  duplex  steam  pumps, 
14  and  814  by  10  in.,  are  installed.  These  pumps  work 
against  a  head  of  175  to  185  ft.,  and  are  used  mostly  in 
the  winter  months  when  exhaust  steam  is  needed  for  heat- 
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ing.  At  other  times  the  water  is  supplied  by  a  o-iu. 
two-stage  turbine  pump  driven  by  a  three-phase  50-lip. 
motor.  A  6-in.  turbine  meter  measures  tlie  supply  to  the 
city. 

As  previously  stated,  the  ice-making  plant  is  of  the 
absorption  type,  the  capacity  being  25  tons.  The  part 
of  the  equipment  located  in  the  basement  is  shown  in 
Fig.  4.  Exhaust  steam  from  the  brine,  distilled-wator 
and  aqua  pumps  is  usually  sutTicient  to  carry  the  load, 
which  is  light  in  winter  due  to  small  storage,  and  up  to 
full  capacity  in  the  summer  months.  The  ice  is  made 
in  300-lb.  cans,  of  which  there  are  357,  and  the  time  of 
freezing  is  52  hr.  The  condenser  is  of  the  double-pipe 
type  having  ly^  and  2i/;-in-  pipe.  To  conserve  the  water 
supply  to  the  condenser,  it  is  passed  through  a  forced- 
draft  tower  having  a  capacity  of  300  gal.  per  min.  The 
lower  is  10  ft.  in  diameter  and  3-4  ft.  high.  .\n  8-ft. 
disk  fan  driven  by  a  15-hp.  belted  motor  creates  the  drafi. 

Costs  of  Production 

From  the  preceding,  a  fair  idea  will  be  obtained  of  the 
plant  equipment,   and  the   monthly   report   shows   what 


this  equipment  has  lie 
the  months  of  Januar 


Fui.  4.     Pakt  of  the  Refrigerating  System 


No.      Equipment 

4  Boilers 

4  Grates 


Kind 

Stirling-Clas! 
"TreadkiU" 
ing  grate . 

Concrete, 
type 


2SR  hp. 

7  ft,  3  in 


PRINCIPAL  EQUIPMENT  OF  HILLSBORO  POWER  PLANT 
Size  Use  Operating  Conditions  Maker 

.   Generate  steam 165  lb.  gage,  natural  draft,  hand  fired Rabcock  &  W'ilcox  Co. 


Boiler  furnace Draft  0 . 7  i 


4  Feed  water  regu- 
lators  

1  Strainer 

2  Pumps 


■fire  .,H.  M.  Treadxv 


Weber  Chimney  Co. 


Turbine 

Elliott 

Duplex,     outside 

packed 

Elliott 


<S-in.  pipe  I 
10x5xlO-ir 


2  Pumps. 
1  Pump.. 
1   Motor.. 


2  Turbines.  . . . 
2  Generators.. 
2  Condensers. 
2  Pumps 


Duplex 

Turbine  two-stage . 
.\lternating-current 

Impulse  two-stage. 
Alternating  current 

Surface 

Volute 


14xSJxlO-in. 
50  hp.'.'!..'.'! 


750  kw. ,  . 
750  kw. .  , . 
2600  sq.ft. 


2  Motors... 
2  Pumps. . . 
2  Turbines.. 


Alternating-f 
Turbine.  .  ,  . 


Impulse 
stage.. 


15  hp 

2-in.,  2-stagc. 

5hp 

10«16xlO-in.. 


Watflr  level  in  boilers.    .. 

Strain  water  to  plant .... 

Water  to  boilers Steam  165  lb.  gage,  head  400  ft Henry  R.  WorHiington 

Regulate  feed  pumps Elliott  Co. 

Heat  feed-water Exhaust  steam Harrison  Safety  Boiler  Works 

Distilled  water  to  ice 

cans Steam  165  lb.  gage National  Foundry  &  Machine  Co. 

Pump  city  water.  .  .  .   Steam  165  lb.  gage,  head  185  ft Henry  R.  Worthin^ton 

Pump  city  water.  . . .   Motor-driven,  capacity  600  gal.  per  min Albcrger  Pump  &  Condenser  Co. 

Drive  city-water 

pump 220  volt,  three-phase,  1730  r.p.m Wagner  Electric  Mfg.  Co. 

Main  imit Saturated  steam  105  lb.  gage,  3600  r.p.ni General  Electric  Co. 

Main  unit Three-phase,  60-cycle,  2.300  volt,  3600  r  p.m..  General  Electric  Co. 

For  turbine  units. .  . .   285  in-  vac.,  1800  gal.  of  water  per  min Henry  R.  Worthington 

Condenser  circulating 

water 0(X)  to  1165  r.p.m Henry  R.  Worthington 

Drive  circulating 

pumps I'lOO  to  1165  r.p.m Wagner  Electric  Mfg.  Co. 

Condensate Turbine  driven,  1550  r.p.m Henry  11.  Worthington 


Dry  vacuum 

Simple  noncondcns 

ing 20x20-ij 

Alternating-current  2.50  kw. 
200  kw. 


Drive      condensate 

pumps 

Air    from   condenser! 


I   Rotary  converter 

1   Exciter 

1   Exciter 


I   Crane 

1  Cooling  tower. 


1   Refrigerating 

system 

1    Pump 


300  kw. 

35  kw. . 

35  kw. . 

lO-ton 
41x.55x7 


Main  unit 

Direct  current  for  St. 

Ry 

Direct  current  for  St. 

Ry 

Excitation  for  main 
unit.s 

Excitation  for  main 
units 

In  engine  room 

Cool  condensing  wat>- 


•Stcam  165  lb.  gage,  15.50  r.p.m Terry  Steam  Turbine  Co. 

Steam  165  lb.  gage Henry  R.  Worthington 

Steam  165  lb.  gage,  200  rpm Chuso  Engine  i%  Mfg.  Co. 

Three-ph.ase,  60-cyc.le,  2.300  v.-U,  ■.'l«l  r  ,.  m  ...  Western  Electric  Co. 

2300-volto.o.  to  000  volt  .1  i  .  Westinghouso  Electric  &  Mfg. Co. 

2300-volt  a.c.  to  600  volt  d  .  . .  General  Electric  Co. 

Motor-drivon,  12(K)  r.p.m General  Electric  Co.  ' 

General  Electric  Co. 

.  Whiting  Foundry  Equipment  Co 


cr. 


Single-stage 
puis*! 


1    Pump.. 

1   Motor 

I   Pump 

1   Motor 

1   Pump 

1  Cooling  tower. 


Centrifugal... 
Single-plins*.'.. 
Centrif^uKttl.. . 
.Single-phadc.. 

Simplex 

Forced  draft. 


10  hp 

3-in 

5hp 

3-in 

2hp 

10xJix12-in 

10x.34-ft.,.3(X)gal. 


per  1 


1  Fan Disk  type. . 


1  Motor 

1  .\ir  compressor . 


Threo-phine 

Compftund   loco- 
motive type. . .  . 


8  ft.  dia 

15hp 

.Steam    10)xl61i 

12 

Air  g)xHlzl2.. 


Making  ice 

Water    for    ammonia 
condenser 

Drive  circulating 

pump 

Circulate  brine 

Drive  brine  pump.. , . 

Cireulat4!  brine 

Drive  brine  pump.. . . 
Aqua  pump 

Cool  water  from  am- 
monia condenser. .  , 
Draft  for  cooling  tow- 


.    Wheeler  Condenser  &  Engineer- 
ing Co. 
Carbondale  Machine  Co. 
Exhau.st  steam,  brine,  time  of  freering  52  hr.  -  .    Henry  Vogt  Machine  Co. 

Turbine  driven.  25(K)  r.p.m .leanesville  Iron  Works  Co. 


StJ'am  165  lb.  gage,  2600  r.p.m.. 

Motor  driven,  ISO  gnl.  per  min.,  1750  r.p.m.. 

220-volt,  1 7.-.II  r  p.m : .  .  .■ '. 

Motor  rlrivcn,  2i«i  gal.  per  min.,  1166  r.p.m.. 

220  volt,  lll>.^  rpm 

Steam  165  lb.  gage 


Terry  Steam  Turbine  Co. 
Jeunf-vill.-  Tr-.n  Works  Co. 

Wllt'h.    .      I     I.   rlM,       MfK.    Co. 

,Ieai..  ilK  I.-"  U.MksCo. 
Wiifii.  .  I  1,  .  IM.  MIg.  Co. 
Carboiidulu  Machine  Co. 


Ruommcli-Dawley  Mfg.  Co. 


Belted  to  motor.  2.')0  i 
220-volt.  1105  r.p.ni. 


Compressed     air     for 
boiler  tube  cleaner. 


105  lb.  gage,  air  60  lb Wcstinghouse  Air  Brake  Co. 
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the  costs  per  unit  for  the  various  services  are  available 
for  only  the  first  month  in  the  year.  Glancing  over  the 
figures  it  will  be  seen  that  the  records  are  not  as  good  as 
might  be  expected  from  an  uptodate  plant,  but  an 
analysis  will  show  the  reason.  The  coal,  which  is  Illinois 
screenings  averaging  about  10,000  B.t.u.,  was  hand  fired, 
and  as  Uie  boilers  were  operated  under  fluctuating  loads, 
the  evaporation  ranged  from  5.68  to  6.5  lb.  of  water  per 
pound  of  coal.  This  same  fluctuating  load,  caused  largely 
by  the  street  railway  demand  and  the  use  of  saturated 
steam  in  the  turbines,  resulted  in  a  comparatively  high 
steam  rate  and  the  consumption  of  6.95  to  8.37  lb.  of  coal 
per  kilowatt-hour.  The  cost  per  unit,  0.7 Tc,  which  in- 
cludes operating  charges  and  maintenance,  is  not  exces- 
sive, although  the  coal  costs  only  82c.  per  ton  delivered. 
With  the  load  increasing  as  it  should  in  the  near  future 
and  the  change  from  hand  to  mechanical  firing,  better 
results  are  expected. 

The  cost  of  -1.4c.  per  1000  lb.  of  steam  is  unusually 
low,  but  only  that  steam  coniing  from  the  engine  was 
charged  against  tlie  heating,  the  exhaust  steam  from  the 


city  water  pumps  and  other  sources  being  chargeable  to 
other  departments.  On  the  other  hand,  a  charge  of  $4.57 
per  ton  of  ice  is  excessive,  but  in  the  month  of  January 
only  36  tons  were  made,  a  daily  output  of  but  little  over 
one  ton  per  day  of  24  hr.  When  running  up  to  capacity 
in  the  hot  summer  months,  the  operating  and  mainte- 
nance cost  ranges  around  85c.  per  ton. 

Due  to  the  complexity  of  the  service,  it  was  a  difficult 
matter  to  separate  the  costs.  It  would  appear,  however, 
that  the  engineer  had  the  matter  well  in  hand,  for  the 
records  are  complete  and  show  familiarity  with  the  de- 
tails. The  layout  of  a  plant,  its  installation,  the  efficient 
operation  of  the  equipment  and  finally,  accurate  records 
from  which  to  obtain  the  cost  of  production,  is  a  thor- 
ough test  for  any  engineer.  In  the  present  case  it  is  all 
the  more  creditable,  as  the  engineer,  while  under  his 
present  employer  in  a  smaller  plant,  fitted  himself  for 
the  work  by  spending  his  evening  hours  in  study.  Mr. 
Best  is  to  be  congratulated  on  his  success  and  the  man-  ' 
agement  in  turn  for  giving  him  the  chance  to  show  his 
••mettle." 
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By  .Ioiin  a.  Iv'AXDOLrH 


SYNOPSIS — The  nse  of  the  constant-currcni  hoostrr 
where  both  fluctuating  and  steady  loads  are  .■^upplird 
from  the  same  busbars;  also  descriptions  of  the  scp'ir- 
ately  excited  type  and  those  used  on  three-wire  systems. 

In  many  installations,  especially  in  private  plants,  it 
is  necessary  to  supply  a  fluctuating  or  power  load  and  a 


series  coil.  The  shunt  coil  is  so  wound  that  it  tends  to 
assist  the  busbar  voltiige  while  the  series  winding  op- 
poses the  shunt.  Ordinarily  the  shunt  field  predom- 
inates, causing  the  voltage  on  the  power  busbars  to  be 
slightly  higher  than  that  of  the  lighting  busbars.  ^Vhen 
a  heavy  power  load  is  thro^vn  on  the  system,  the  addi- 
tional current  in  the  series  coil  at  once  lowers  the 
booster  pressure  and  consequently  that  of  the  power 
busbars,  causing  the  motors  to  start  more  slowly.  This 
action  relieves  the  station  generators  of  a  sudden  heavy 


Fluctuaiing  Load 


Non-riucfuaHng 
Load 


ftS^'/r  (^  (^  (j)  (j)  ^ 


fbrrer  due  bars, 


Cxnerator 
BOOSTER 

Fig.  1.  Fig.  2 

Types  of  Coxstaxt-Currext  Boosters 


Hofor         Oenenafor 
BOOSTER 


nonfluctuating  or  lighting  load  from  the  same  busbars. 
To  do  this  without  disturbing  the  lights,  a  so-called 
constant-current  booster  and  battery  are  connected  into 
the  power  circuit,  one  form  of  which  is  shown  in  Fig.  1. 
There  are  a  series  and  a  shunt  field  winding  on  the 
booster,  and  aU  of  the  power  load  must  pass  through  the 


demand  for  current  and  thus  enables  them  to  maintain 
tlieir  normal  voltage  on  the  lighting  load.  When  the 
\oltage  of  the  power  mains  drops  sufficiently,  the  bat- 
tery floating  on  the  line  will  at  once  begin  to  discharge 
ami  take  part  of  the  load,  thereby  preventing  any  dis- 
turbance in  the  operation  of  the  system.    As  the  motor 
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load  again  becoiiics  normal,  the  current  in  the  booster 
series  winding  becomes  less  and  the  booster  voltage  rises 
until  the  pressure  on  the  power  busbars  again  becomes 
normal.  The  battery  will  now  stop  discharging.  A 
further  falling  oft'  of  the  power  load  will  cause  the  power 
Inisbar  voltage  to  rise  still  higher,  with  the  result  that  a 
charging  current  begins  to  flow  into  the  battery.  A 
system  of  this  kind,  when  properly  adjusted,  will  main- 
tain practically  constant  current  on  the  lighting  busbars. 


words,  with  the  current  passing  through  tlie  coil.  When 
the  external  load  becomes  so  great  that  the  exciter  volt- 
age is  higher  than  the  busbar  voltage,  the  current  sent 
by  the  exciter  through  the  booster  field  will  be  of  such 
a  direction  as  to  cause  the  booster  to  assist  the  battery 
to  discharge.  On  the  other  hand,  when  the  external  load 
becomes  so  light  that  the  exciter  voltage  is  less  than  that 
of  the  busbars,  the  direction  of  the  current  flowing 
through   the   booster   field   winding   will   be   such   as   to 


Separately  Excited  Boosters 


Fig.  4. 


If  it  is  desired  to  connect  the  battery  to  the  lighting 
load,  this  can  be  accomplished  by  disconnecting  the  booster 
and  closing  the  switch  .4.  Switch  B  is  for  the  purpose 
of  cutting  out  the  series  coil  in  case  it  becomes  necessary 
to  apply  a  higher  voltage  to  the  power  busbars  than  could 
he  done  with  the  coil  in  circuit,  for  battery  charging  or 
other  reasons. 

The  connections  for  another  type  of  constant-current 
booster  are  illustrated  in  Fig.  2.  In  this  machine  the 
voltage  on  the  ))ower  busbars  is  raised  and  lowered  to 
meet  the  fluctuations  of  the  load,  as  in  the  case  shown 
in  Fig.  1,  but  it  is  accomplished  in  a  dilferent  numner, 
the  booster  voltage  being  varied  by  changing  the  speed. 
The  booster  motor  is  compound  wound  and  the  power 
load  must  pass  through  the  series  coil,  which  is  wound 
to  assist  the  shunt  winding.  Therefore,  as  the  load 
rises,  the  nuigneti/.ing  flux  of  the  motor  will  increase 
jjioportionately  and  result  in  decreased  speed  of  the 
motor.  This  will  cau.se  the  voltage  of  the  booster  gen- 
erator to  fall,  thereby  lowering  the  voltage  on  the  power 
mains  and  enabling  the  battery  to  discharge.  As  the 
load  falls  off,  the  speed  of  the  motor  increases  and 
brings  the  power  voltage  back  to  nonnal. 

Ski'auatkly  Excitioi)  Uoosteii 

In  this  type,  the  field  excitation  is  controlled  by  a 
small  exciter  mounted  either  on  the  end  of  (he  booster 
shaft  or  on  an  independent  base.  A  diagram  of  con- 
nections for  one  form  is  shown  in  Fig.  3.  The  booster 
generator  ha.«  but  one  field  coil,  and  this  is  in  series  with 
a  regulating  rheostat  and  the  exciter  anuature,  across 
the  busbars.  The  exciter  field  coil  is  in  series  with  the 
load  and  is  so  wound  that  the  electromotive  force  which 
it  induces  in  the  exciter  armature  o|i|)oses  that  of  the 
station  busbars.  The  exciter  vnllai'e  will  vary  with  the 
magnetic  flux  produced  by  the  field  coil,  or,  in  other 


bubbar^ 


Fui.  5.     Boo.ster  EOii  Three-Wiimo  Systeji 

cause  Ihe  booster  to  assist  the  station   busbars  in  send- 
ing a  charging  current  through  the  battery. 

Another  type  of  sejiarately  excited  booster  is  shown  in 
Fig.  I.  The  exciter  in  (his  case  carries  two  sets  of  field 
coils,  one  in  scries  with  the  load  and  the  other  a  shunt 
winding.  The  latter  is  wound  to  cause  the  exciter  to 
induce  a  voltage  in  the  booster  which  assists  that  of  the 
busbars.  The  series  winding  opposes  the  shunt.  The 
operation  of  a  booster  thtis  exeiled  is  similar  to  that  of 
the  dilTerential  machine,  shown  in  Fig.  1.  I'art  I  (page 
237,  Aug.  18  issue).  .\  heavy  load  through  the  exciter 
series  coil  tends  to  cause  the  latter  to  overpower  the 
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sliunt  coil,  with  the  result  that  the  booster  is  made  to 
assist  the  battery  to  discharge.  As  the  load  falls  off, 
the  exciter  shunt  winding  again  comes  into  action  and 
sends  a  current  through  the  booster  field  of  a  direction 
such  as  to  cause  the  liooster  to  assist  the  busbar  pres- 
sure in  sending  a  charging  current  through  the  bat- 
tery. 

Boosters  for  Thrke-Wiee  Systems 

The  types  of  boosters  thus  far  considered  have  had  but 
one  generator.  Sometimes,  however,  especially  on  three- 
wire  systems,  it  is  found  more  economical  to  use  a 
booster  composed  of  two  generators  driven  by  tlie  same 
motor.  Furthermore,  where  heavy  currents  are  involved 
and  a  wide  range  of  voltage  is  also  desired,  it  has  been 
found  ad\'isable  to  use  on  the  booster-generators,  arma- 
tures with  two  independent  windings  and  two  commu- 
tators.    With   this   arrangement,   the   two    windings   of 


each  armature  can  be  operated  either  in  parallel  or  in 
series,  as  may  be  desired.  When  in  parallel  the  voltage 
will  be  half  the  value  secured  by  series  operation,  but 
the  current  capacity  will  be  doubled.  Moreover,  the  use 
of  double  windings  and  two  commutators  renders  it  pos- 
sible to  carry  heavy  loads  without  unduly  increasing  the 
commutating  parts  of  the  machine.  In  Fig.  5  is  shown 
the  diagram  of  .connections  for  such  a  machine  as  used 
on  a  three-wire  system.  There  is  but  one  field  winding 
on  each  generator,  and  this  is  shunted  between  the  neu- 
tral and  one  of  the  outside  legs  of  the  system.  It  will 
be  observed  that,  in  addition  to  a  lead  from  an  outside 
leg,  the  neutral  is  connected  to  each  field  rheostat.  By 
this  arrangement,  the  field  coils,  at  the  throwing  over 
of  the  reversing  switches,  can  discharge  their  back  elec- 
tromotive force  of  self-induction  through  a  portion  of 
the  rheostate  resistance,  thus  preventing  a  heavy  arcing 
at  the  reversing  switc-hes. 
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By  Osborx  MoxNETTJ 


SYNOPSIS — Typical  designs  of  furnarr,  icHli  dimcii- 
sions,  for  burning  bituminous  coal  sniokelcssli/  under 
horizontal  water-tube  boilers. 

In  applying  the  principles  of  the  hand-fired  furnace 
as  outlined  in  previous  articles  to  water-tube  boilers,  an 
effort  has  been  made  to  appro.ximate  the  same  conditions 
and  provide  the  same  essential  details  that  have  been 

116  *). Geary  Boiler 

i-6  xl9'-3'Drum 

60-4'xl5'-9'Tub«.6Hlgh-)OW;de 

Orote Surface  6-6'x5-6'=  30.25  Sq.ft.,     „ 

Area  through  Fyrncice  Throat  5'-6'xl-55=8.25Sq.F>, 

Area  between  Bridge-Woll  and  Deflection  Arch  6-6  x2-6  «IJ75  Sq  Ft. 

Area  under  Deflection  Arch  aJB  Sq.Ft. 

Area  through  first  Pan,  4-2x2'-2  =  lZ.71Sq.FtWctual) 

Area  through  second  Pas*  3'-9'x2-2^8.5ISetFt,       ** 


furnace  is,  first,  provision  for  heat  absorption  direct  from 
the  fire  by  the  bottom  row  of  tulies,  thus  producing  the 
"cooling"  effect  so  desirable  with  liigh-volatile  coals.  This 

202  Hp  Heine  Boiler 
48"xl7'Drum 
9E-3J"Tubes- 
4- Rows  of  IZ  Tubes 
4-Row5of  II  Tubes 
Gra+e  Surface  5x6-9"=  33.75  Sq.Ff 
Area  of  Bridge-Wall    l-&'x  6-9"=  10.12  Sq.Ft. 
Areo  under  Arch    Z'-S'V  3-4"=  8.85  Sq.Ft. 
Area  through  first  Pass  4- 6x6-3"=  30. 63 Sq.Ft. 
Area  through  second  Pass  3-0x6-9"=  19.98  Sq.Ft. 
Area  around  Drum  at  Rear  l'-10"x3-6'-l2.7  Sq.Ft. 
Area  of  Breeching  =9.5  Sq  Ft 
Area  of  ,Stcick  =  19.63  Sq.Ft.-Two  Boilers 
Stack  BDiam.xHO'High 
Fuel-  Coal  and  Wood 
Wood  Feed  by  Chute 


Fig.  1.     TyriCAL  Haxd-Fired  Furnace  for  Horizox- 
TALLY  Baffled  Water-Tube  Boilers 

worked  out  for  horizontal  return-tubular  boilers.  Fig.  1 
shows  a  typical  setting  for  a  hand-fired  water-tube  boiler 
which  has  proved  satisfactory  for  bituminous  coal.  The 
boiler  is  a  116-hp.  Geary  and  has  one  horizontal  pass, 
but  this  type  of  setting  can  be  easily  adapted  to  any  hori- 
zontal water-tube  boiler.     The  essential  feature  of  the 


•Copyrighted,  1914,  by  Osborn  Monnett. 
tSmoke  inspector.  City  of  Chicago, 


Fig.  2.     Heine  Boiler  with  Chute-Feed,  Wood- 
Burning  Furnace 

is  obtained  by  using  T-tile  for  a  distance  of  4  ft.  10  in. 
from  the  front  header.  From  this  point  the  regular  box 
tile  covers  the  tubes  and  forms  another  element  'essential 
to  the  success  of  hand-fired  furnaces,  namely,  a  high- 
temperature  zone  into  which  the  gases  and  air  must  pass. 
Back  of  the  bridge-wall  a  deflection  arch  is  provided  of 
such  height  as  to  allow  an  area  underneath  of  50  per 
cent,  of  the  grate  surface.     In  settings  of  this  type  the 
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controlling  height  factor,  which  is  usually  meaiiured  from 
the  floor  line  to  the  bottom  of  the  front  header,  is  gov- 
erned by  the  ability  to  get  the  necessary  area  of  25  per 
cent,  of  the  grate  surface  over  the  bridge-wall,  40  per 
cent,  between  the  bridge-wall  and  deflection  arch  and  50 
per  cent,  under  the  deflection  arch. 

With  wide  boilers  containing  three  or  four  firing  doors. 


the  length  of  the  grates,  and  exposing  the  lower  tubes  for 
this  distance  from  the  header. 

Fig.  3  shows  how  the  same  idea  was  applied  to  a  Parker 
boiler,  where  the  tubes  are  bared  for  a  distance  of  4  ft. 
from  the  front  header  by  using  T-tile.  Box  tile  were 
used  for  the  remainder  of  the  distance,  and  a  two-span 
deflection  arch  was  provided. 


ooooooooooooooooooooop 

OOOOOOOOOOOOOOOQQQQQO— 
OOOOOOOOOOOOOOOOOOOOOi 

ooooooooooooooooooooo 

OOOOOOOOOOOOOOOQOOOOO 
OOOOOOOOOOOOOOOOQOOQQ 
QOOOOOOOQOOOOOOQOOOOOi 
OOOOOiDOOOOOOOOOOOOOOO 

■P-PQOQQQ  pQOa&QQQJLQg-OQQL 


Fig,  3.     Pahkkr  Boileu  with  Haxd-Fireo  Furxacks 


the  deflection  arch  is  built  in  two  or 
three  spans  with  13i/2-iii-  piers  to  de- 
crease the  strain  on  the  side  walls  and 
obtain  more  permanent  construction. 
If  with  these  wide  settings  there  is  an 
area  over  the  bridge-wall  greater  than 
the  required  25  per  cent,  of  the  grate 
surface,  9-in.  piers  can  be  placed  on 
the  bridge-wall  opposite  the  spans  in 
the  deflection  arch  to  help  break  np 
the  gases  as  they  pass  through  the  fur- 
nace. 

In  this  type  of  furnace  the  air-ad- 
mission panel  doors  and  siphon  steam 
jets  should  be  used  as  with  the  hori- 
zontal return-tubular  boiler  setting. 
When  using  the  Heine  baffle  shown,  it 
sometimes  nappins  that  there  are  zones 
of  inert  gas,  as  indicated  at  C  and  P, 
,Fig.  1.  In  this  case  the  efficiency  of 
the  setting  can  be  increased  by  open- 
ing up  the  baffle  at  E  and  F  about  1 
in.  on  every  other  tile.  A  bypass  for 
the  gases  at  either  point  makes  the 
heating  surface  more  effective.  For  all 
types  of  horizontal  baffles  this  point  is 
worth  investigating,  as  in  many  instances  the  openings 
have  improved  results. 

Fig.  2  shows  another  successful  setting  of  this  type. 
The  fuel  was  a  mixture  of  wood  refuse  and  coal.  It  was 
necessary,  therefore,  to  cool  off  the  furnace  as  much  as 
possible  to  prevent  puffs  of  dense  smoke  wliile  using  the 
coal  and  at  the  same  time  have  the  furnace  hot  enough 
to  handle  the  dry  shavings  fed  through  a  chute.  A  com- 
promise was  effected  with  satisfactory  results  by  remov- 
ing 3  ft.  of  the  box  tile,  which  is  a  little  more  than  half 
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Ha.ND-FiRKI)    FlRNACKS    FOR    B.    &    W.    C'ro?s- 

Drvm  Boilers 

Fig.  4  shows  a  typical  hand-fired  furnace  applied  to  a 
B.  &  W.  cross-drum  boiler.  This  type  of  boiler  has  a 
tube  pitch  greater  than  any  other  of  the  standard  hori 
zontal  water-tube  boilers,  so  that  a  higher  setting  is 
necessary  to  give  the  proper  area  over  the  bridge-wall  and 
suflficient  space  in  the  combustion  chamber.  The  other 
characteristics  of  the  setting  are  similar  to  those  pre- 
ceding. 

Combination  fire-  and  water-tube  boilers  are  sometimes 
encountered,  and  where  the  tube  length  is  approximately 
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18  ft.,  there  is  no  trouble  in  applying  the  standard  fur-  order  of  the  depar  ment  No.  8  lurnaee  descub  d  n  a 
nace  Such  a  boiler  is  slwn  in  Fig.  5,  which  presents  previous  article,  will  work  out  nicely.  Fig  6  gives  all 
sectional  views  of  a  Kroeschell  combination  fire-  and     the  working  dimensions  necessary  for  installing  a  flush- 
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Panel  doors  and 

Kroeschell  affvmafic         A  B 

steam  Jet  longitudinal    section 

Fig.  .5.     KuoKscHKi.i.  I'oMiaNAnox  I'.on.Ki:,  Hand  Fiiikd 
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front,  hand-fired  setting  for  this  boiler.  The  sanie  fur- 
nace can  be  applied  to  regular  horizontal  water-tube 
boilers  with  16-ft.  tubes. 


FoweM  BlowoHf  Vsilves 

The  illuf^tralioii  shows  an  iniin-uved  Y-blowoft'  valve. 
The  yoke  top  A  is  secured  to  the  valve  body  by  studs. 
The  packing  is  held  in  place  and  tightened  by  the  pusher 
ulaiid  P,  which  is  moved  by  the  outside  screw  nut   L\ 


Fig.  6.     Hawkes  Boiler  with  Depahtmext  Xo.  S 
Settixg 

water-tube  boiler  provided  with  T-  and  box  tile  in  the 
usual  manner,  a  pigeon-hole  bridge-wall  and  a  single-span 
deflection  arch  in  the  combustion  chamber.  There  are 
occasions,  however,  where  these  combination  Iwilers  have 
short  water  tubes.  Fig.  6  shows  a  Hawkes  boiler  with 
tubes  approximately  15  ft.  long.  It  is  not  possible  to  get 
a  flush-front,  hand-fired  setting  under  such  a  boiler  with 
a  deflection  arch  and  leave  sufficient  room  at  the  back 
end  of  the  tubes.     In  such  a  case  a  furnace  built  on  the 


Section  through  Beowoff  Valve 

above  the  bridge  yoke,  enabling  the  pressure  to  be  ad- 
justed with  an  ordinary  monkey-wrench ;  the  connections 
are  not  shown.  As  the  faces  D'  and  E  fit  tightly,  the 
valve  may  be  repacked  under  pressure. 

The  plunger  B  is  of  brass,  milled  to  receive  the  collar 
on  the  stem  T.  Spiral  grooves  are  cast  on  the  outer  face, 
which,  receiving  the  pressure  from  the  steam  as  the  valve 
is  opened,  cause  it  to  revolve  as  it  nears  the  seat  when 
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closing;  this  has  the  effect  of  keeping  botli  disk  and  seat 
clean  of  scale  and  sediment. 

The  seat  ring  F  has  been  dropped  lower  to  better  pro- 
tect it  from  the  cutting  effect  of  the  rushing  steam  as  the 
valve  is  opened.  To  the  plunger  is  attached  a  regrind- 
nlile,  reversible  and  renewable  disk,  E,  which  is  secured 
by  the  disk  nuts,  shown.  The  disk  face  and  seat  bear- 
ing are  at  snch  an  angle  that  sediment  or  scale  cannot 
lodge  between  them,  either  while  blowing  off  or  closing 
down  the  disk. 

To  regrind  this  valve  a  wire  pin  or  nail  is  inserted 
tiirough  the  hole  R  in  the  plunger.  This  locks  the  disk 
which  is  then  rotated  back  and  forth  after  putting  a  lit- 
tle fine  brick  dust  or  sand  on  the  seat.  The  seat  ring 
F  has  two  faces ;  when  one  is  worn  it  can  be  removed  and 
reversed  by  means  of  the  lugs  cast  in  the  throat  of  the 
ring.  The  disk  E  is  not  only  regrinding  and  reversible, 
but  is  also  renewable,  and  guaranteed  to  stand  a  tempera- 
ture of  2000  deg.  F.  The  valve  is  made  in  2-  and  21/2- 
inch  sizes  with  screwed  or  flanged  ends  and  tested  to  250 
pounds  hydraulic  pressure. 

This  valve  is  manufactured  by  the  Wm.  Powell  Co., 
Cincinnati,  Ohio. 


The  design  of  the  Baker  coal-storage  bin  combines  the 
principles  of  the  suspension  and  hopper  types  of  con- 
struction. The  suspension  rods  and  steel  frames  pro- 
vide a  flexible  method  of  support  as  shown  in  the  accom- 
panying illustration. 


Half  Sec+ion 

through  Oate 


Rigid 
Bo/fom 

Hal-f  Sec+ion 
through  Supporting 
Member 


Dkt.^ils  of  Coal-Storaoe  Bin 

The  bin  lining  is  of  concrete  laid  on  asbestos  steel,  a 
sheet  metal  protected  by  a  coating  of  asphaltum  and 
covered  with  asbestos.  The  sheet  metal  is  impregnable 
against  moisture  and  acids,  and  no  metal  is  directly  ex- 
pcsed  to  the  coal. 

Breaking  of  the  concrete  lining,  due  to  the  slight  bend 


in  the  supporting  rods  when  the  bin  is  loaded,  is  pre- 
vented by  slats  provided  in  the  concrete,  running  at  right 
angles  to  the  suspension  rods.  The  slats  are  filled  with 
an  asphaltum  compound  to  prevent  moisture  from  reach- 
ing the  protected  metal.  The  under  side  of  the  bin  does 
not  require  plastering  as  the  metal  is  protected  by  as- 
phaltum-asbestos  covering.  The  unit  construction  con- 
sisting of  supension  rods  and  bottom  frame  makes  it  pos- 
sible to  extend  the  bin  structure  when  desired. 

This  bunker,  which  is  built  by  Arthur  G.  McKee, 
Cleveland,  Ohio,  is  also  made  with  other  forms  of  lining, 
such  as  unit  slabs,  varying  in  thickness  from  2V^  to  -i 
inches   and  wood. 


A  flue  blower,  which  will  clean  the  tiibes  of  a  tubular 
boiler  with  the  doors  closed  and  without  interfering  with 
the  draft  or  steam  pressure,  has  been  recently  designed 
by  the  National  Boiler  Specialties  Co.,  of  Elgin,  111.  The 


Peiter  BoiLEif-Fi.rE  Blower 

);lowcr  is  nothing  more  than  an  ordinary  pipe  with  a  spe- 
cial nozzle,  a  handle  at  the  outer  end  and  a  tee  which  is 
connected  to  the  steam  line  by  a  flexible  hose.  The  blower 
enters  the  front  compartment  through  a  hole  in  either 
door,  which  are  ordinarily  covered  by  the  pendants.  It  is 
guided  to  the  various  tubes  in  a  horizontal  row  by  means 
of  the  notches  in  the  straps  hinged  to  the  doors  and  the 
vertical  movement  to  the  various  rows  is  gaged  by  the 
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notches  in  the  supporting  legs  which  pass  through  slots 
in  castings  attachcil  to  the  doors.  In  each  strap  there 
is  a  notch  for  half  the  number  of  tubes  in  a  row,  and  in 
each  leg  a  notch  for  each  row.  The  notches  are  so  spaced 
with  relation  to  the  hole  in  the  door  that  the  blower 
will  enter  the  various  tubes  without  any  trouble.  For  each 
case  it  is  necessary,  of  course,  to  know  the  horsepower  of 
the  boiler,  number  of  rows  of  tubes  and  the  number  of 
tubes  in  each  row. 


When  the  blower  is  turned  on.  the  soot  is  blown  back, 
through  the  tube  against  the  draft.  The  heavier  particles 
settle  into  the  combustion  chamber  and  the  finer  particles 
are  carried  back  by  the  draft  through  the  other  tubes 
toward  the  stack.  In  this  way  no  soot  escapes  into  the. 
boiler  room  and  the  boiler  can  be  maintained  in  full  op- 
eration as  usual.  It  will  be  understood  that  one  tube  is 
cleaned  at  a  time,  so  that  while  cleaning,  the  draft  is  ob- 
structed in  the  one  tube  only  and  is  on  all  the  other  tubes. 


C 


snoim  <n 

By  G.  H.  Crawfopj),  Jr. 


The  relations  existing  between  the  back,  head  and  mean 
edective  pressures  during  the  cycle  of  compression  of 
ammonia  gas  in  the  cylinder  of  a  refrigerating  machine 
are  often  not  thorougiily  understood.  While  these  rela- 
tions follow  theoretical  laws  much  more  closely  than  the 
similar  relations  in  a  steam  engine,  they  have  not  been 
given  much  attention  and  are  less  well  known. 

It  is  common  knowledge  among  those  familiar  with 
refrigerating  engineering  that,  speed  and  head  pressure 
remaining  constant,  a  rise  of  back  pressure  increases  the 
load  on  the  prime  mover.  This  increase  is  evidenced  by 
a  longer  cut-off  on  the  engine  or  a  greater  current  con- 
sumption by  the  motor,  depending  on  the  nature  of  the 
prime  mover.  As  the  load  of  a  refrigerating  machine 
consists  mainly  of  the  compression  of  gas  in  the  cylinder, 
it  is  readily  understood  that  the  increase  of  load  is  caused 
bv  the  increase  of  the  mean  eifective  jiressure. 


might  be  written,  the  greater  the  back  pressure,  the 
greater  the  load.  The  second  might  be  formulated,  the 
greatest  back  pressure,  the  smallest  load.  The  apparent 
contradiction  is  explainable.  For  any  given  head  pres- 
sure, there  is  a  certain  critical  back  pressure  at  which 
the  mean  effective  pressure  in  the  cylinder  is  greatest. 
If  the  back  pressure  is  higher  or  lower  than  this  critical 
value,  the  mean  effective  pressure  is  less  than  the  max- 
imum. It  happens  that  the  compression  of  ammonia 
gas  follows  closely  the  theoretical  laws.  For  adiabatic 
compression  with  no  clearance,  the  mean  effective  pres- 
sure mav  be  written : 


iii.c.p. 


where  p  is  the  Ijack  pressure,  2^c  the  head  pressure,  and, 
for  ammonia,  n  =  1.3. 


Fig.  1 


REL.-iTTOXS    BETWEEN    :Mi:.\X    EFFECTIVE, 

AND  Head  Pressures 


On  starting  a  retrigcrating  machine,  especially  if  it 
is  driven  by  an  electric  motor  or  an  internal-combus- 
tion engine,  whose  characteristics  make  it  necessary  to 
have  a  low-starting  torque,  it  is  customary  to  bypass  the 
two  ends  of  the  ammonia  compressor,  so  that  both  sides 
0*"  the  piston  are  influenced  by.  the  same . pressure — that 
of  the  condenser.  By  thus  bypassing'  the  gas,  the  ma- 
chine is  caused  to  start  easily;  in  other, words,  a. light- 
load  is  placed  on  the  prime  mover.  This  light  load  proves 
triat  while  pressure  equalization-exists,,the,  mean  effective 
pressure  is  low.  When  the  pressures  are  thus  equalized, 
tlio  back  pressure,  acting  on  the  piston,  has  been  raised 
until  it  is  equal  to  the  head  pressure. 

When  the  two  facts  just  mentioned  are  considered 
together,  they  are  apparently  contradictory.    For  the  first 
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For  any  assumed  head  pressure,  j)c,  it  is  mathematic- 
ally possible  to  find  the  back  pressure  2^x  at  which  the 
mean  effective  pressure  (m.e.p.)  is  a  maximum.  The 
jiroblem  works  down  to  the  simple  relation 

;j.r  =  0.3204  ;)f  (2) 

wlierein  px  is  the  l)ack  pressure  at  which  the  m.e.p.  is 
greatest  for  the  assumed  head  pressure  pc 
'-     By  combining  relations   (1)  and  (2),  a  third  relation 
)  is  olitained : 

vi.e.]}.  max  =  1.3  ^Jx  l'^) 

From   (3)   it  is  easy  to  solve  for  the  actual  value  of 

tlie  maximum  m.e.p.     As  an  example,  let  the  assumed 

head  pressure  be  200  lb.  per  sq.in.  =  pc.    Then 

j,x  =  0..':!204  X  200  =  f)4.08  1h.  per  sq.lu. 
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and 

iii.e.p.max  =   1.3   X   64-08  =  83.40   lb.  per  sq.in. 

(Alisolute  pressures  are  used  unless  gage  pressures  are 
sDocified.) 

Tliesi'  calculations  show  that  with  a  head  pressure  of 
•v'OO  lb.  per  sq.in.,  the  uiaxiniuni  load  occurs  at  a  back 
])ressure  of  6-1.08  lb.  per  sq.in.  At  this  back  pressure, 
tl:e  m.e.p.  is  83.4  lb.  per  sq.in. 

These  relations  are  shown  graphically  in  Fig.  1.  where 
the  coordinates  are  ni.e.p.  and  back  pressure.  The  dif- 
ferent curves  are  for  different  iiead  jjressures.  It  is 
seen  that  each  curve  has  a  nia-\imum  point,  before  and 
after  which  the  value  of  the  m.e.p.  is  lower.  It  is  also 
seen  that  the  maximum  points  of  the  different  curves 
tall  on  a  straight  line,  whose  equation  is 

m.e.p.  max  =  1.3;;.v 

All  these  relations  are  of  value  to  the  refrigerating 
engineer.  With  them  he  can  predict  the  maximum  load 
to  be  carried  for  any  condition  of  head  pressure.  Thus, 
with  a  head  pressure  of  220  lb.  per  sq.in.,  there  is  a 
possible  maximum  ni.e.p.  of  over  90  lb.  per  sq.in.,  while 
if  the  liead  pressure  is  only  140  lb.  per  sq.in.,  the  max- 
imum m.e.p.  is  less  than  two-thirds  as  much,  and  a 
prime  mover  whose  ultimate  power  is  in  proportion  may 
be  used.  The  working  power  requirements  also  may  be 
estimated  from  the  curves.  Thus,  if  the  back  pressure  is 
to  be  30  lb.  per  sq.in.,  the  difference  in  the  power  re- 
quired to  run  the  machine  at  220  and  140  lb.  per  sq.in. 
Iiead  pressure  is  nearly  36  per  cent.  This  demonstrates 
Die  actual  value  of  keeping  the  head  pressure  as  low  as 
])ossible. 

In  Fig.  2  these  relations  are  shown  in  a  different  man- 
ner. Seven  no-clearance  diagrams  have  been  plotted, 
each  with  the  same  head  pressure  but  with  different  back 
pressures  from  5  to  1-50  lb.  per  sq.in.  The  heavily  out- 
lined diagram,  back  pressure  G4.1  lb.  per  sq.in.,  has  the 
greatest  area,  hence  the  greatest  m.e.p.  The  areas  for 
very  low  and  very  high  back  pressures  are  obviously  less 
than  the  areas  with  medium  back  pressures. 

A  knowledge  of  these  relations  is  also  valuable  to  the 
operating  engineer.  He  should  realize  that  the  liiglier 
the  back  pressure,  the  greater  the  refrigerating  capacity 
of  the  machine.  Similarly,  the  power  required  per  unit 
ol  refrigeration  produced  decreases  as  the  back  pressure 
increases.  From  a  consideration  of  both  capacity  and 
teonomy,  it  is  desirable  to  operate  at  as  high  a  back  pres- 
sure as  possible.  The  temperature  in  the  refrigerator 
is  the  limiting  factor,  for  this  rises  with  an  iucrea.-ie  of 
the  back  pressure.  By  increasing  the  heat-aosorbing 
surfaces  in  the  refrigerator,  it  is  often  possible  to  main- 
lain  the  desired  teniperatures  at  somewhat  higher  back 
pressures.  The  problem  then  reduces  itself  to  the  fa- 
miliar one  of  balancing  fint  cost  and  operating  economy. 

For  a  long  time,  the  most  conimon  back  pressure  used 
in  refrigerating  and  ice-making  plant.s  has  been  ;'.b(iut 
15  lb.  per  sq.in.  gage.  In  some  of  the  more  recent  in- 
stallations, especially  in  those  driven  by  high-priced  in- 
ternal-combustion engines,  it  has  been  found  advisai)le 
to  so  increase  the  expansion  or  refriger.-.tor  side  that  the 
operating  back  pressure  is  20  to  2-")  lb.  per  sq.in.  gage. 
liy  BO  doing,  smaller  engines  and  compressors  may  be 
I'sed  and  higher  economies  obtained  than  under  the  cdd 
arrangements.  The  added  first  cost  of  the  expansion  side 
is  partly  balanced  by  the  decreased  cost  of  smaller  en- 
pines  and  compressors. 


In  pum])ing  out  any  part  of  the  refrigerating  system 
in  which  there  is  considerable  ammonia,  as,  for  instance, 
a  stand  of  condensers  or  liquid  receiver,  it  might  be  ad- 
visable to  allow  nearly  the  full  pressure  to  come  on  the 
suction  side  of  the  compressor,  instead  of  throtthng  in 
the  usual  way.  The  m.e.p.  would  not  be  higher  thai,  for 
a  much  lower  suction  pressure,  while  the  capacity  fo. 
pumping  out  would  be  greatly  increased  and  the  time 
for  the  operation  reduced. 

It  should  be  noted  that  in  practice  the  values  of  the 
mean  effective  pressures  are  usually  slightly  less  than 
shown  in  Fig.  1.  This  is  due  partly  to  clearance,  of 
which  all  compressors  have  some,  and  partly  to  the  fact 
that  the  compression  of  ammonia  gas  does  not  follow 
exactly  the  adiabatic  curve  of  which  n  =  1.3.  With 
leaky  discharge  valves,  however,  it  is  possiljie  to  obtain 
mean  effective  pressures  higher  than  those  shown. 


In  many  boiler  plants  the  water-glass  is  so  high  from 
the  floor  that  it  is  difficult  for  the  firemen  to  tell  tlie 
water  level  accurately. 


Dktaii.: 


lv\Ti:.\i)i:i)  Watku  roi.iMX 


The  extended  water  cplumn  illustrated  is  designed  to 
bring  a  water-gage  level  with  the  firemen's  eyes.  The 
device  consists  of  a  water  column  A,  piped  to  the  boiler 
in  the  usual  way.     Inside  is  a  float  C,  connected  to  an 
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indicator  rod  E,  iu  the  extension  pipe  D,  to  which   is 
screwed  an  extension  gage  casing  F. 

On  the  lower  end  of  the  extension  rod  E  an  indicator 
H  travels  up  and  down  in  the  extended  gage-glass  at  (;. 
An  inclosed  electric  light  illuminates  the  indicator  II. 


If  the  lower  glass  breaks  the  apparatus  cuts  itself  out 
by  the  check  valve  L  seating,  when  the  glass  can  be  re- 
placed; the  upper  gage-glass  is,  however,  available.  This 
device  is  made  by  the  Edwards  Steam  Specialty  Co.,  343- 
South  Dearborn  St.,  Chicago,  111. 


.setts  Boiler  Lai?^  s^m^ 


By  C.  J.  AxDiiEws 


SYNOPSIS — Critical  anali/sis  of  the  Massachusetts 
Boiler  Law  and  the  Bides  laid  down  by  the  Board  of. 
Boiler  Rtiles.  This  will  appear  in  three  installments. 
This  first  one  discusses  the  law  and  the  rules  up  to  Part 
III.  The  rest  will  be  treated  in  subsequent  issues. 
si 

Since  the  Massachusetts  Boiler  Law  and  Kules  have 
been  used  as  a  pattern  by  several  other  states  and  largely 
copied  in  the  uniform  boiler  law  proposed  by  the  Ameri- 
can Society  of  Mechanical  Engineers,  to  be  generally 
adopted  to  govern  the  construction  and  operation  of  steam 
boilers,  a  discussion  of  the  good  points  as  well  as  ihe 
defects  that  have  appeared  in  their  practical  application 
may  be  of  interest.  Some  parts  of  the  law  and  some  of 
the  rides  have  proved  to  be  good,  while  others  work  hard- 
ships, or  at  least  seem  unnecessary  and  inadvisable. 

The  general  scheme  of  the  Massachusetts  law-  providing 
a  board  to  formulate  the  rules  and  change  them  whenever 
advisable,  is  good.  This  should  be  adopted  in  any  boiler 
laws  enacted,  for  flexibility  in  the  rules  is  a  necessity. 
Rules  cannot  be  made  that  will  not  require  changing 
from  time  to  time.  Many  changes  have  been  made  in 
the  Massachusetts  rules  since  they  were  first  drawn,  Ijut 
if  the  board  has  erred  in  exercising  this  authority,  it  has 
been  in  not  making  enough. 

Massachusetts  Law 

Section  1  of  the  law  specifies  the  kinds  of  boilers  that 
are  exempt  from  inspection  and  provides  that  other 
boilers  in  the  state  are  to  be  inspected  once  annually.  It 
also  provides  for  uninstalled  boilers  that  were  in  the 
state  at  the  time  of  the  passage  of  the  act,  but  which 
did  not  confonn  to  the  rules.  The  provisions  of  this 
section  seem  to  be  proper  and  well  chosen. 

Sections  2  to  5  inclusive  deal  with  inspectors  and  how 
inspections  are  to  be  made  and  the  reporting  of  boilers 
to  the  inspection  department  of  the  state  by  the  owners. 
Nothing  in  these  sections  is  superfluous  and  they  may 
well  be  followed. 

Section  6  indicates  how  inspectors  in  the  emjiloy  of 
insurance  companies  may  become  qualified  to  inspect 
boilers  for  use  in  the  state.  While  its  wording  shows 
no  defects  at  a  glance,  .several  have  become  apparent  by 
the  enforcement  of  the  law.  In  the  first  place,  three 
members  of  the  state  inspection  department  are  desig- 
nated to  act  as  a  board  of  examiners  of  inspectors  of 
equal  rank,  for  the  insurance  companies.  This  is  not 
customary  in  making  any  similar  appointments  under 
municipal,  state  or  national  government  control.  The 
qualifications  of  candidates  for  inspectorship  should  be 


determined  directly  by  the  board  of  boiler  rules,  or  at. 
least  the  examinations  should  be  under  the  board's  su- 
pervision. This  is  done  in  Ohio;  examinations  are  held 
at  regular  intervals  by  the  board  of  boiler  rules. 

Another  faulty  feature  is  that  the  examination  of  the 
applicant  is  entirely  oral.  An  examination  without  defi- 
nite indication  of  the  right  and  wrong  answers  is  not 
satisfactory  to  an  applicant  who  is  refused  a  certificate, 
and  its  fairness  can  never  be  above  suspicion.  Ohio  holds, 
written  examinations  and  the  papers  are  marked  and 
turned  in,  so  that  the  applicant  may  know  his  standing. 

A  third  defect  of  this  section  is  that  the  certificate  is- 
revocable,  not  only  for  cause,  but  also  if  the  holder 
should  leave  the  company  by  whom  he  was  employed  when_ 
lie  secured  it,  and  a  re-examination  is  necessary  to  secure 
a  new  one.  Why  this  should  be  is  difficult  to  see;  an 
inspector's  qualifications  are  not  affected  by  merely  trans- 
ferring his  services  from  one  company  to  another.  Here 
again  the  Ohio  law,  although  generally  patterned  after 
that  of  Massachusetts,  is  superior.  It  does  not  require 
that  an  applicant  be  employed  or  even  intending  to 
enter  the  employ  of  an  insurance  company  or  the  state- 
department,  before  he  may  take  an  examination,  and  his- 
examination  is  only  to  determine  whether  he  is  compe- 
tent to  make  boiler  inspections.  If  so  found,  he  is  granted 
a  certificate,  which  does  not  give  him  the  right  to  inspect 
boilers,  but  only  to  apply  to  any  insurance  company  or 
to  the  state  inspection  department  for  a  position.  They 
can  engage  him  without  delay,  knowing  that  he  will  be 
granted  a  commission  tipon  request.  If  an  inspector 
changes  from  one  company  to  another,  it  is  only  neces- 
sarv  for  his  new  employer  to  request  a  new  commission 
for  him. 

Lender  the  Massachusetts  law,  the  applicant  must  first 
secure  a  position  as  inspector,  or  the  promise  of  one,  and 
then  appear  before  a  board  for  an  oral  examination.  If 
he  fails,  he  probably  has  no  idea  why  he  was  considered 
incompetent.  He  may  appeal  and  be  re-examined  orally 
by  five  examiners  chosen  from  the  same  inspection  force, 
whose  findings  are  final.  The  law  provides  that  no  one  of 
tlie  first  three  examiners  may  act  on  the  board  of  appeal ; 
but  does  this  safeguard  the  interest  of  the  applicant  suf- 
ficiently ? 

Section  7  provides,  in  granting  an  appeal  from  the 
decision  of  the  first  examiners,  that  the  applicant  may 
have  a  representative  of  the  company  by  whom  he  is  or 
is  to  be  employed  present  during  the  examination.  Un- 
der the  Ohio  law,  one  whose  certificate  has  been  revoked 
mav  have  counsel  at  the  hearing  of  an  appeal,  and  is. 
able  to  learn  whether  he  has  had  fair  treatment. 
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According  to  Section  0,  ninetj'  days  must  elapse  after 
an  examination  before  an  applicant  may  take  a  now  ex- 
amination, except  in  the  case  of  appeal.  This  in  itself 
would  be  all  right  if  an  inspector  could  change  from  one 
company  to  another  without  losing  his  certificate,  but  it 
may  be  a  hardship.  In  one  case,  an  inspector  lost  a  po- 
sition with  one  company,  through  no  fault  of  his  own, 
and  because  he  had  been  recently  examined,  and  although 
passed,  he  could  not  be  re-examined  imtil  the  expiration 
of  the  prescribed  90  days.  He  was  worse  off  than  if  he 
had  been  found  incompetent,  for  then  he  could  have 
appealed  and  taken  a  new  examination  at  once. 

All  the  provisions  in  Sections  S  to  15  inclusive  are 
apparently  needed  and  seem  properly  drawn  to  acconTpiisli 
the  desired  end. 

Sections  16  to  19,  inclusive,  seem  necessary  and  in 
order  and  should  be  copied  by  other  states. 

Section  20  deals  with  fusible  plugs;  no  very  serious 
objection  may  be  made  to  this  section  except  that  lead 
is  specifically  mentioned  as  one  of  the  metals  to  be  used 
for  filling  such  plugs,  whereas  tin  is  considered  better. 
It  would  seem  best  to  liave  left  the  specification  of  fusil)le 
plugs  to  the  board  of  boiler  rules. 

Section  24  is  the  next  deserving  corimeiit.  It  provides 
for  the  appointment  of  the  board  oi  boiler  rules 
and  wisely  selects  them  from  the  boiler-inspection  de- 
]»artment,  the  boiler-using  interest,  the  boiler-manufac- 
turing interest  and  the  boiler-insurance  interest,  with 
one  member  an  operating  engineer.  Selecting  members 
to  represent  these  various  interests  is  an  advisable  plan 
for  a  state  or  municipal  government  to  follow.  It  would 
also  seem  wise  to  specify  that  the  members  must  be  well 
versed  in  the  operation  and  construction  of  steam  boilers. 
The  object  of  the  board  being  to  modify  old  and  make 
new  rules  to  govern  the  construction  and  operation  of 
steam  boilers,  its  members  should  be  thoroughly  con- 
versant with  the  subject. 

Section  26  prescribes  the  duties  of  the  board  of  lioiler 
rules  and  wisely  provides  tliat  jjublic  hearings  be  held 
twiiG  a  year  to  consider  petitions  for  changes  in  the 
rules.  A  good  lequiTcraent 'in  this  same  section  is  that 
any  changes  in  the  rules,  even  if  proposed  by  the  board, 
must  be  advertised,  so  that  the  puljlic  nuiy  have  knowl- 
edge of  those  contemplated  before  they  are  actually  made. 
Provision  tliat  changes  shall  take  effect  six  months  after 
they  are  approved  by  the  governor  of  the  state  prevents 
working  a  hardship  on  the  manufacturers  or  purchasers 
of  boilers  who  may  have  contracts  in  process  of  com])lc- 
tion.  Where  a  manufacturer  wislies  to  make  a  special 
type  of  boiler,  he  must  submit  drawings  (o  the  board  for 
ils  approval.  Probably  it  would  be  well  if  this  rule  ap- 
jilied  to  all  boilers  to  be  constructed  for  use  in  the  state. 
The  jihins  submitted  could  be  given  a  designating  num- 
ber, and  as  many  boilers  as  were  desired  could  1)0  made 
from  these  plans  with  the  certainty  that  they  would  meet 
the  requirements  of  the  law,  as  long  as  the  nuiterial 
used  and  the  methods  of  construction  complied  with  the 
law.  The  proviner  of  .Vlbcrta,  Canada,  has  a  rule  to  thia 
efTect  which  is  found  to  be  convenient  and  tends  toward 
the  standardization  of  boiler  design. 

The  rest  of  the  law,  including  Section  30,  seems  to  be 
just  and  proper  and  to  need  no  criticism. 

Bnii.ER  Rules 
The  division  of  the  rules  into  three  parts  is  admirable 


and  should  be  adopted  by  others.  Nothing  hinders  the 
(uforcement  of  any  law  so  much  as  to  have  it  conflict 
with  the  property  rights  of  the  citizen.  Recognizing  this, 
different  rules  were  prescribed  for  boilers  installed  and 
in  use  before  the  lavv  went  into  effect.  These  constitute 
part  one.  The  rules  in  the  second  part  apply  to  boilers 
already  in  the  st^ite  as  well  as  to  new  boilers  tliat  are  to 
he  entered  af:er  the  passage  of  the  law.  The  third  part 
is  composed  entirely  of  rules  that  apply  to  boilers  to  be 
installed  aftev  the  passage  of  the  law  and  contains  by 
far  the  most  rules. 

Part  I  of  the  Rules 

This  part  is  very  short,  consisting  of  a  single  section. 

Pa'agraph  2  specifies  tliat  5.5,000  lb.  tensUe  strength 
for  steel  and  45,000  lb.  teaeile  strength  for  iron  shall 
be  assumed  when  the  actual  values  are  not  known.  This 
is  a  wise  rule,  for  it  is  cOTiservative  and  gives  the  in- 
spector definite  authority  as  to  what  he  may  do  under 
certain  conditions.  Unless  a  rule  of  this  kind  is  inserted, 
there  is  continual  wrangling  between  the  inspectors  and 
the  boiler  owners  as  to  the  correct  value  to  be  used  in 
each  case. 

Paragraph  S  specifies  that  the  factor  of  safety  tor 
butt  joint  boilers  shall  be  4.5,  which  is  0.5  less  than  the 
factor  of  safety  required  for  new  boilers  of  similar  con- 
struction. While  it  is  illogical  from  purely  a  mechanical 
standpoint  to  permit  a  higher  pressure  on  an  old  boiler 
than  on  one  just  built,  the  interference  with  the  prop- 
erty rights  of  the  citizen  is  of  more  importance  than  the 
slight  difference  in  the  safety  factor.  Boiler  construc- 
tion in  Massachusetts  was  in  advance  of  that  in  most 
ether  states  when  this  law  was  passed,  and  the  pressures 
allowed  on  the  l>oilers  in  tluit  state  were  on  a  higher  fac- 
tor of  safety  than  in  many  other  states,  hence  jirescribing 
a  factor  of  4.5  for  butt-strapped  boilers  was  not  a  hard- 
ship on  the  owners.  When  Ohio  passed  a  boiler  law.  the 
safety  factor  on  boilers  already  in  use  was  fixed  at  4  as 
a  minimum,  and  the  inspector  was  permitted  to  raise  the 
limit  where  he  thought  it  necessary  to  secure  safety. 

Paragraph  4  prescribes  a  method  to  be  used  to  d«t«r- 
mine  the  size  of  rivet  hoiCS,  when  their  size  cannot  be 
directly  determined  by  measurement,  by  specifying  the 
various  sizes  that  are  to  be  assumed  for  the  different  plate 
thicknesses.  This  rule  is  very  commendable  and  is  in 
keeping  with  the  rule  specifying  the  tensile  strength  to 
be  assumed  for  unknown  plate. 

Paragraph  5  undertakes  to  specify  the  arrangement 
of  safety  valves  for  l)oilers  under  various  conditions,  and 
seems  to  be  unnecessarily  cumbersome  to  attjiin  the  de- 
sired end,  i.e.,  safety.  A  rule  requiring  all  to  have  a 
given  area  of  safety  valve  for  a  given  area  of  grate  and  a 
fixed  pressure,  and  prohibiting  two  boilers  operated  at 
))ressures  differing  more  than  100  jier  cent.,  being  con- 
nected to  the  same  pipe  system,  would  have  been  much 
sini])lcr  and  probably  provided  greater  safety.  Tlie  present 
rule  relies  on  the  safety  valve  of  an  equivalent  area  to 
the  connecting  ]upc,  to  prevent  an  excess  pressure  coming 
on  the  low-pn>ssuro  boiler  or  boilers,  while  it  is  well 
known  that  the  relieving  capacity  of  a  safety  valve  is  not 
nearly  so  great  as  its  nominal  size  would  indicate.  This 
fact  is  made  evident  in  the  formula  given  in  the  same 
rules  for  estimating  the  size  of  safety  valves  to  jierform 
a  given  duty. 


1'  (.)  W  E 


Vol.  40,  Xo.  8 


T-un-  II,  Sectiox  I 

Part  II,  as  has  already  beeu  stated,  applies  both  to  the 
boilers  installed  at  the  time  that  the  law  wont  into  effect 
i\n<l  to  the  new  boilers  to  be  installed  in  the  future. 

Paraf/raph  1  correctly  limits  the  pressure  on  boilers 
constructed  wholly  oF  cast  iron  to  25  lb.,  and  there  is 
riso  a  jiroper  provision  in  Paragraph  2,  limiting  the  pres- 
sure on  boilers  using  cast-iron  headers  to  ItJO  lb. 

Parafiraph  4  specifics  that  the  resistance  of  boiler  plate 
to  crusliing  is  to  be  taken  at  95,000  lb.  per  sq.in.  This 
rule  might  have  been  omitted,  for  the  value  of  the  crush- 
ing strength  of  steel  plate  is  very  uncertain  and  only 
comes  into  play  with  practical  boiler  seams  on  double- 
riveted  joints  where  the  outside  streps  are  narrower  than 
the  inner  straps.  The  omission  of  this  factor  in  the  cal- 
culation of  the  strength  of  boiler  joints  would  have 
Eimplified  the  subject  considerably  and  detracted  nothing 
from  the  safety  of  the  rules.  The  shearing  strength  as 
given  in  Paragraph  5  follows  the  customary  values  used 
for  this  purpose  by  nearly  all  tlie  modern  authorities. 

Paragraph  7  gives  the  factor  of  safety  to  be  used  on 
boilers,  the  shells  of  which  are  constructed  with  lap 
longitudinal  seams,  these  factors  running  from  five  to 
six  on  externally  fired  boilers,  dependent  on  their  age, 
and  five  for  boilers,  the  shells  of  which  do  not  come  in 
contact  with  the  products  of  combustion.  "While  this 
grading  of  the  safety  factor  was  all  right  for  Massachu- 
eetts,  it  would  hardly  do  for  any  other  state.  The  cus- 
tomary minimum  factor  for  •  boilers  throughout  the 
I'nited  States  may  be  said  to  be  4;  and  while  it  would 
1)0  better  5,  such  a  change  applied  to  boilers  already  in 
use  would  invade  tlie  property  rights  of  many  owners. 
The  factors  adopted  by  Ohio  seem  more,  logical. 

Section'  2 

riio  criticism  of  Paragraph  5  of  Part  I  applies  the 
same  to  Paragraph  2  of  Section  3  of  Part  II.  Limiting 
.  the  diiTerence  in  pressures  to  be  permitted  on  boilers 
connected  to  the  same  steam-pipe  system  would  better 
jruard  against  over  pressure  on  the  low-ju-essure  boilers 
<.'f  such  a  system. 

Paragraphs  3,  4,  o  and  6,  relating  to  safety  valve  areas, 
lire  standard  and  reepiire  no  changes. 

Paragraph  7  could  be  improved  by  specifying  that  in 
new  installations  the  safety  valves  should  be  placed  not 
to  exceed  a  given  distance  from  the  boiler  and  on  a  sep- 
arate and  independent  connection;  there  should  be  more 
rpocific  and  complete  directions  as  to  the  proper  support 
;nd  anchorage  for  escape  pipes  when  used  on  safety 
valves. 

Paragraph  9  could  be  improved.  Limiting  the  safety 
valve  size  to  5  in.  is  good,  but  requiring  the  seats  of 
r.ll  safety  valves  to  be  beveled  or  inclined  to  the  center 
line  of  tiie  spindle  alwut  45  deg.  is  not ;  some  of  the  best 
Eivfety  valves  made  have  flat  seats.  A  requirement  that 
the  boiler  owner  must  see  that  the  lifting  device  specified 
for  such  valves  is  in  place  at  all  times,  and  that  the  en- 
^rineer  in  charge  of  the  boilers  should  see  that  each  safety 
valve  is  tested  once  a  day,  would  increase  safety  of  boiler 
operation.  The  locations  of  fusible  plugs,  as  specified  in 
Paragraph  11,  are  good  except  for  vertical  tubular  boilers. 
There  a  fusible  plug  is  practicaDy  useless  and  often 
causes  serious  trouble. 

Paragraph  15  might  be   improved  by  specif\'ing  that 


the  i,4"iii-  connection  for  the  inspector's  test  gage  have  a 
siphon  which  can  be  filled  with  water  to  avoid  injury 
to  the  gage,  from  steam  coming  in  contact  with  the 
spring.  There  was  probably  no  logical  reason  for  speci- 
fying two  gage  cocks  for  boilers  operated  at  pressures 
below  25  lb.  and  three  for  boilers  operating  at  higher 
pressures,  as  specified  in  Paragraphs  17  and  IS,  except 
to  avoid  too  great  an  interference  with  boilers  already 
installed;  if  this' was  the  purpose  the  rule  is  fuUv  justi- 
fied. 

Paragraph  19  is  a  good  rule  except  that  the  feed  water 
must  be  discharged  below  the  lowest  safe  water  line. 
This  rule  bars  the  steam  space  feed,  which  is  widely  used 
in  some  sections  of  the  country,  and  is  one  of  the  best 
methods.  The  last  sentence  of  this  paragraph  states  that 
means  must  be  provided  for  feeding  a  boiler  with  water 
against  the  maximum  pressure  allowed  on  it.  The 
cause  of  safety  would  have  been  aided  if  some  other  means 
of  feeding  a  boiler  had  been  required  besides  the  pressure 
from  a  water-works  system,  except  for  heating  boilers 
operating  at  pressures  below  25  lb. 

If  the  water-column  connection  to  the  steatQ'  space  of 
a  boiler  can  be  considered  a  steam  outlet  from  the  boiler. 
Paragraph  20  should  have  been  modified  to  exclude  a 
valve  on  such  connections,  for  evidently  the  rules  intend 
to  discourage  using  valves  thei'e,  and  they  should. 

Paragraph  22,  if  strictly  adhered  to,  would  have  the 
damper  regulator  connected  directly  to  the  steam  space 
of  the  boiler,  while  later  in  the  rules  the  top  water-col- 
umn connection  is  specified  as  a  suitable  place  for  at- 
taching it. 

Paragraph  23  specifies  that  where  furnace  mouth-piece 
protectors  are  used  and  valves  are  jjlaced  on  the  pipes 
connecting  them  to  the  boiler,  such  valves  shall  be  locked 
open.  The  safety  of  such  an  arrangement  would  be  in- 
creased if  safety  valves  were  required  for  such  attach- 
ments when  valves  were  used  on  the  connecting  pipes, 
these  safety  valves  to  be  set  20  lb.  in  advance  of  tho.se  on 
the  boilers. 

Sections   4   an'd   5 

are  proper  and  serve  admirably  the  i}ur2)ose  for  which 
they  were  intended. 

Section  G 

Paragraph  1  of  this  section  would  be  improved  if, 
when  a  power  boiler  is  to  be  tested  by  hydrostatic  jjressure 
and  is  connected  to  a  steam  main  in  service  at  the  time, 
it  required  two  stop  valves  between  the  boiler  and  the 
steam  main,  or,  if  only  one  valve  is  used,  breaking  the 
connection  with  a  blank  flange  before  the  test.  Serious 
accidents  have  occurred  in  this  way,  since  the  strain  on 
the  valves,  due  to  expansion  and  contraction  of  the  parts 
on  account  of  the  unequal  temiJeratures  on  each  side 
of  the  valves,  is  very  severe. 

Section  7 

The  only  comment  to  be  made  on  Section  7  is  that  it 
would  have  been  better  if  the  method  used  for  calcu- 
lating the  efficiency  of  boiler  joints  had  been  placed  in 
an  appendix,  since  the  matter  contained  is  in  reality  not 
a  rule  laid  down  by  the  board  of  boiler  rules,  but  simple 
instructions  on  how  the  efficiency  of  boiler  seams  is  esti- 
mated. 
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In  Paragraph  6  of  this  section,  which  exphiins  the 
calculations  for  a  quadruple-riveted  joint,  those  given 
under  "D"  for  the  strength  of  the  Joint,  considering  the 
breaking  of  the  net  section  of  the  plate  through  the  sec- 
ond row  of  rivets,  could  have  been  omitted  to  advantage 
since  this  kind  of  a  failure  is  never  concerned  with  the 
efficiency  of  a  boiler  joint  where  rivets  of  uniform  eize 
are  used. 

Sectiox  8 

This  section  deals  with  the  kind  of  certificate  to  be 
issued  and  how  it  is  to  be  posted  by  the  owner  of  the 
boilers  inspected.  Its  prescribed  wording  is  such  that 
a  separate  one  must  be  issued  for  each  boiler,  unless  all 
boilers  are  exactly  the  same  and  have  been  inspected  on 
the  same  dt;".  This  duplication  of  certificates  in  the 
average  plant  is  not  important,  but  in  large  boiler  houses 
a  scheme  for  designating  the  boilers  by  numbers  and 
dating  the  certificates  by  months  only,  would  go  a  long 
way  toward  simplifying  the  sul)ject,  without  detracting 
from  the  efficiency  of  the  service. 


At  Detroit,  Mich.,  a  slight  leak  was  discovered  at  the 
front  header  of  a  Geary  water-tube  boiler  while  under 
steam.  The  boiler  had  been  operated  at  185  lb.  for  12 
vears. 

The   front   cap  and    rear   tube    ])lates   had    cracked   at 
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each  of  the  curves  of  tlie  flange  for  a  distance  of  nearly 
2  ft.,  as  shown  in  Fig.  1.  which  was  made  from  a  ))boto- 
graph  of  the  reflection  on  a  iiiiiror  inserted  between  the 


tube  and  hand-])late  sheets,  sliowing  the  crack  on  the  in- 
side of  the  front  ])late  at  the  bend.  The  tube  sheet  was 
cracked  at  both  sides  in  a  similar  manner,  as  shown  l)y 
the  plan  drawing  at  the  right. 

The  boiler  had  a  steel  drum  18  ft.  8  in.  long  by  24-in. 
in  diameter,  made  of  Vi-iw.  plate  with  an  87  per  cent, 
joint.  The  tube  and  outer  sheets  were  of  iVin-  plate, 
with  11,4-in-  stay-holts  pitched  41^x5  in.  The  wrapper 
plate  connecting  the  tube  and  the  other  plate  was  only 


Fig.  2.     Showing  Cracks  in  Curves  of  Plates  and 
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%  in.  thick  and  was  C  in.  wide  from  tlie:  rivet  holes, 
center  to  center,  the  distance  between  the  tube  and  outer 
slieets  being  10  in.    . 

Tlie  failure,  which  fortunately  did  no  damage,  was 
due  to  the  inherent  weakness  of  the  -Yii-in.  wrapper  plate 
(see  Fig.  2).  The  front  and  tube  sheets  are  held  to- 
gether by  stay-bolts,  and  the  wrapper  plate  makes  a  tighi; 
joint  between  the  'two  plates.  Suppose  a  piece  of  thia 
sheet  ii'on  were  riveted  in  place  instead  of  the  %-in. 
wrajiper  plate,  and  steam  pressure  were  applied  from 
tlie  inside,  but  not  enough  to  tear  the  slieet  iron  away; 
the  thin  sheet  woidd  bulge  outward.  If  a  thicker  piece 
were  used,  strong  enough  to  resist  the  185  lb.  pressure 
carried  on  the  boiler  without  rupturing,  but  not  stror.g 
enough  to  remain  in  its  original  position,  it  would  tend 
to  assume  the  same  curved  and  bulged  position  as  the 
thin  slieet.  Owing  to  its  difference  in  strength,  however, 
it  would  cause  the  flanges  on  the  front  and  tube  sheet 
to  bend  at  the  curve  of  tlie  sheets,  as  shown  by  the  dotted 
lines.  Fig.  2.  This  bending  would  eventually  result  in 
a  crack,  as  shown  in  Figs.  1  and  2.  A  wrapper  of  proper 
tiiickn?ss  would  jirevent  the  bending  of  the  jilates  at 
this  point  with  tlie  changes  in  boiler  pressure. 

Tills  l)oiler,  aside  from  the  weak  wrajiper  ])latc,  w<is 
reason:il)iy  safe  for  185  ili.  pressure,  but  should  not 
have  been  allowed  to  carry  over  100  lb.,  because  of  tliis 
weak  ])oint  in  its  design.  A  micrometer  measurement 
of  the  deflection  of  (he  plate  measured  0.02;5  in.  at  185 
lb.  working  pressure  and  0.3!)  in.  under  a  hydrostatic 
pressure  of  50  per  cent,  over  the  working  jtressure. 

This  case  exemplifies  the  danger  of  liidden  defects.  ' 
It  was  impossible  to  have  access  to  these  plates  without 
tearing  dowm  the  brickwork,  and  their  thickness  could  be 
determined  only  by  drilling  or  removing  a  rivet.  The 
advantage  of  boiler  inspection  during  construction  ia 
<'inphi;.sized  bv  the  failure. 
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SYNOPSIS — The  vsual  inethods  for  drying  out  iraiif- 
foriners  and  transformer  oil,  with  practical  suggestions 
to  guide  the  operator  in  carrying  out  the  worh. 

Oil-immersed  transformers  diould  be  dried  out  before 
they  are  connected  to  the  circuit,  in  order  that  everv 
trace  of  absorbed  moisture  may  be  removed.  The  trans- 
former and  the  oil  shoukl  preferably  be  dried  separately, 
the  transformer  at  a  temperature  of  80  to  90  deg.  C. 
(1"G  to  194  deg.  F.),  and  the  oil  at  a  temperature  of 
from  100  to  110  deg.  C.   (21?  to  230  deg.  F.). 

The  simplest  way  to  dry  tlie  transformer  is  to  short- 
circuit  one  of  the  windings,  generally  the  low-tension 
one,  and  connect  the  other  to  an  alternating-current  sup- 
ply, with  a  voltage  of  from  1  to  5  per  cent,  of  that  for 
which  this  winding  is  arranged.  The  voltage  must  be 
such  as  to  set  up  a  suitable  drying  current  in  both  wind- 
ings of  the  transformer.  This  current  varies  with  the 
size  of  the  transformer,  and  is  approximately  as  follows : 

Normal 
Current 

Transformers  up  to  5  kv.a 1% 

Transformers  5    to  20   kv.a 1 14 

Transformers  50   to   200   kv.a 1 

Transformers   50   to   200   kv.a., 0.6 

Transformers   200   to   500   kv.a 0.4 

Transformers   above    500    kv.a 0.2 

These  figures  are  intended  to  serve  only  as  a  guide  as 
the  current  necessary  to  obtain  the  desired  results  varies 
considerably  with  the  type  of  transformer.  In  every 
case,  the  following  points  should  be  carefully  attended 
to  and  the  current  adjusted  accordingly : 

Place  two  or  more  thermometers  in  such  a  way  be- 
tween the  windings  that  the  bulbs  directly  touch  the 
insulation  of  the  copper.  It  is  not  sufficient  if  they  touch 
only  the  insulation  washers,  etc.,  as  the  temperature  of 
these  parts,  as  a  rule,  is  considerably  lower  than  that  of 
the  insulation  immediately  around  the  conductor.  These 
thermometers  should  be  securely  held  in  place  by  waste, 
but  care  must  be  taken  that  nothing  intervenes  between 
the  bulbs  and  the  insulation. 

The  current  should  be  adjusted  to  give  a  steady  tem- 
perature of  90  deg.  C.  If  it  is  not  possible  to  adjust  the 
current  accurately  and  if  the  temperature  rises  above  90 
deg.  C,  the  current  must  be  switched  off  until  it  falls 
to  about  80  deg.  C,  otherwise  the  insulation  may 
be  damaged.  The  current  should  then  be  switched  on 
again,  then  off,  and  so  on  throughout  the  whole  period 
of  drying.  Be  careful  not  to  break  the  thermometers,  as 
drops  of  mercury  might  stay  between  tlie  windings  and 
cause  trouble. 

It  is  preferable  to  dry  the  transformer  outside  the 
tank,  as  it  is  then  easier  to  get  rid  of  the  moisture  and 
control  the  temperature.  This  is  important,  as  any  in- 
dications of  excessive  temperature  which  may  occur  ar? 
much  more  apparent  when  the  transformer  is  ou+side 
than  when  it  is  inside  the  tank.  For  instance,  if  the 
thermometers  are  not  placed  correctly,  the  real  temper- 
ature of  the  transformer  will  be  considerably  in  excess 
of  that  shown:  and  parts  of  the  windings  may  reach  an 
excessive  temperature  as  indicated  by  smoke  and  the 
discoloration   of  the   insulation.     If  there  are  any   evi- 


dences of  such  excessive  temperatures,  the  current  must 
be  switched  olf  immediately,  and  the  drying  afterwards 
continued  with  less  current.  In  no  case  must  the  trans- 
former be  left  witliout  attention  during  the  drying 
process. 

'The  drying  out  in  air  should  be  continued  from  6  to 
12  hr.,  at  least,  after  a  temperature  of  80  to  90  deg.  C. 
has  been  reached.  In  the  case  of  large  transformers 
(above  500  kv.a.)  for  high  voltages  (above  10,000  volts), 
the  drying  should  be  continued  for  24  hours.  The  time 
necessary  depends  upon  the  size  of  the  transformer  and 
the  temperature  obtained. 

In  case  the  available  voltage  is  too  high  to  be  con- 
nected directly  to  the  transformer,  as  described,  a  re- 
sistance may  be  put  in  series  with  either  the  high-tension 
or  low-tension  windings,  depending  upon  the  resistances 
available,  as  both  the  current  and  the  voltage  to  be  taken 
up  by  the  resistance  varies  according  to  the  ratio  of  the 
transformer. 

Another  alternative  is  to  connect  the  high-tension  or 
the  low-tension  windings  of  several  similar  transformers 
in  series,  so  as  to  give  each  only  a  jjortion  of  the  supply 
voltage.  Only  the  windings  to  which  the  voltage  is 
applied  need  be  connected  in  series,  the  other  windings 
being  short-circuited  on  themselves.  This  series  connec- 
tion is  not  feasible  with  three-phase  transformers,  how- 
ever, unless  the  windings  can  be  separated. 

Still  another  method  of  drying,  if  low-voltage  current 
is  unavailable,  is  to  place  the  transformer  in  its  tank 
and  pass  heated  air  over  the  coils.  In  this  case  a  good 
circulation  should  be  maintained. 

The  oil  may  be  dried  independently  of  tlie  transformer, 
either  by  external  heat,  by  blowing  heated  air  through 
it,  by  means  of  electrical  resistances  inside  the  tank  or 
by  passing  it  over  unslacked  lime.  If  the  first  method 
is  used,  caution  is  necessary  in  order  to  prevent  ignition. 
The  oil  should  be  kept  at  about  110  deg.  C.  (230  deg. 
F. )  for  about  12  hr.,  or  longer  if  the  temperature  is 
lower  than  above. 

If  there  are  no  means  of  drying  the  oil  separately,  it 
may  be  dried  with  the  transformer.  In  this  event  the 
transformer,  after  having  been  first  dried  separately,  is 
placed  in  its  tank  of  cold  oil  and  the  current  switched 
on  again.  When  the  transformer  is  in  the  oil,  however, 
the  current  should  be  about  50  per  cent,  above  full-load 
current.  The  temperature  must  be  watched  by  means 
of  a  thermometer  in  the  upper  layer  of  oil,  and  this  part 
of  tlie  oil  should  be  heated  up  to  110  deg.  C.  (230  deg. 
F.).  When  this  temperature  is  reached,  the  current 
Giiould  be  switched  off  until  the  temperature  drops  to 
90  deg.  C,  then  switched  on  again,  this  operation  being 
repeated  until  the  oil  has  been  kept  heated  for  12  hr. 
or  more. 

^^Tien  the  oil  is  heated  by  means  of  the  transformer 
itself  or  by  resistances  placed  in  the  oil,  it  should,  if 
possible,  be  stirred  at  frequent  intervals  in  order  to  bring 
the  cool  oil  at  the  bottom  to  the  top,  where  it  can  be 
heated  more  quickly.     In  order  to  shorten  the  time  for 
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•drying,  the  tank  should  in  all  cases  be  lagged  to  prevent 
radiation ;  this  also  greatly  reduces  the  amount  of  cur- 
rent necessary.  The  tank  cover  must  be  removed  dur- 
ing the  drying  jDrocess  in  order  to  allow  the  vapor  to 
pass  off. 

There  is  still  another  method  in  which  the  transformer 
and  the  oil  may  be  dried  together.  This  is  by  means  of 
internal  heat  through  the  transformer  coils  in  conjunc- 
iion  with  a  vacuum  in  the  tank.  Owing  to  the  necessity 
•of  a  vacuum  pump  and  the  difficulty  of  keeping  the  tank 
Tacuum-tight,  this  method  is  not  so  well  adapted  to  or- 
•dinary  conditions. 

With  small  transformers  for  comparatively  low  pres- 
sures, the  oil  should  be  dried  for  about  12  hr.,  as  de- 
scribed. With  transformers  up  to  500  kv.a.  and  10,000 
yolts,   the  drying  should   occupy  up  to   24  hr.     In  the 


case  of  still  larger  transformers  and  higher  pressures,  it 
is  sometimes  advantageous  to  extend  the  drying  over 
three  or  four  days,  it  being  advisable  to  allow  the  trans- 
former to  cool  down  to  room  temperature  once  or  twice 
during  the  process. 

AMien  the  low-tension  winding  is  short-circuited,  and 
a  current  at  comparatively  low  voltage  is  passed  through 
the  high-tension  winding,  there  will  be  no  danger  of 
excessive  pressures  in  the  windings.  If  however,  current 
is  brought  in  on  the  low-tension  side,  a  dangerous  pres- 
sure may  be  induced  in  the  high-tension  side,  especially 
if  the  short-circuit  should  be  broken  by  accident.  Spe- 
cial care  must,  therefore,  always  be  taken  to  insure  that 
the  short-circuit  is  never  broken  before  the  transformer 
under  test  has  been  disconnected  from  the  supply 
circuit. 


By  S.  Kkgiial 


SYNOPSIS — Practical  poinfs  for  measuring  boiler 
patches,  a  method  of  riveting  them  and  why  different- 
shaped  patches  are  used. 

The  problem  of  laying  out  a  boiler  patch  is  simple,  and 
but  few  points  need  be  borne  in  mind.  The  defective 
portion  of  the  plate  must  first  be  removed,  but  no  more 
"than  is  necessary,  so  as  to  keep  the  patch  as  small  as  pos- 
sible. A  circular-shaped  patch  is  the  best  when  practical, 
as  it  weakens  the  shell  less  than  one  having  a  straight 
seam  and  is  less  likely  to  give  trouble  from  leakage,  which 
often  occurs  at  the  corners  of  a  rectangular  patch. 

In  all  cases,  the  straight  portion  of  the  longitudinal 
seam  should  be  as  short  as  it  can  bo  made,  and  that  por- 
tion of  a  single-riveted  patch  should  never  exceed  24  in. 
in  a  boiler  carrying  a  pressure  of  100  lb.  or  over.  If  a 
triple-riveted,  butt-strapjied  boiler  is  designed  to  carry 
125  lb.,  and  a  single-riveted  patch  of  large  size  is  put 
on,  it  becomes  at  that  particular  point  a  single-riveted, 
lap-joint  boiler.  Of  course,  the  surrounding  portion  of 
the  boiler,  being  stronger,  tends  to  reinforce  the  weak- 
ened part,  but  the  extent  of  this  weakening  depends  on 
the  length  of  the  straight  portion  of  the  side  seam. 

It  is  usually  considered  imjiractical  to  double  rivet  a 
patch,  because  patches  are  nearly  always  in  the  part  of  a 
boiler  exposed  to  the  most  intense  heat,  and  it  is  gen- 
erally believed  that  a  double-riveted  patch  cannot  be  kept 
tight  under  these  circumstances.  The  stress  on  the  longi- 
tudinal seam  is  the  greatest  and  that  on  the  circum- 
ferential seam  is  the  least,  consequently  the  more  nearly 
the  seam  of  a  patch  approaches  the  circumferential  scam, 
the  less  is  the  strain  on  it. 

A  practical  illustration  is  the  case  of  the  ordinary 
horizontal  return-tubular  boiler  as  usually  built  for  pres- 
sures up  to  150  lb.  A  single-riveted  girth  seam  is  suffi- 
cient, although  a  triple-riveted,  butt  joint  is  necessary 
for  the  longitudinal  seams.  It  is  partly  for  this  reason 
■that  patches  are  so  often  of  the  familiar  horse-shoo  tyjie, 
Fig.  1.  This  shape  is  used  for  patches  close  to  the  girtli 
seam.  There  is  no  straight  side  seam,  and,  therefore,  the 
boiler  is  not  weakened  to  any  extent,  provided  the  jtatcb 
is  not  large. 


When  a  patch  is  put  on  the  middle  portion  of  a  sheet 
the  shape  shown  in  Fig.  2  is  used,  and  there  is  no  straight 
side  seam. 

These  two  forms  are  used  when  the  patches  are  com- 
paratively small,  but  if  the  bulge  is  large,  the  side  seams 
sometimes  become  as  much  as  3  or  4  ft.  long.  The  side 
seams  must  necessarily  be  straight,  and  this  portion  of 
the  boiler  virtually  becomes  single  riveted ;  the  pressure 
allowed  on  the  boiler  must  be  reduced  accordingly.  The 
proper  thing  to  do  under  such  a  condition  is  to  cut  out 
the  sheet  to  a  trifle  above  the  fire  line  and  put  in  a  new 
section,  riveted  to  the  original  side  seam  on  one  side  and 
having  a  seam  of  the  same  design  on  the  other  side.  While 
this  does  not  weaken  the  boiler,  it  is  an  expensive  re- 
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]>air,  because  of  the  large  patch  and  the  extra  labor  for 
cliilipiiig  and  riveting  and  the  removal  of  more  or  less 
brickwork. 

To  illustrate  the  method  of  laying  out  a  patch,  it  is 
assumed  that  the  fire  sheet  of  a  72-in.  boiler  V^  in. 
thick  is  bagged  about  half-way  between  the  front  head 
and  the  bridge-wall.  There  i.s  a  10xl5-in.  mnidiole  in 
the  front  head  below  the  tubes,  and  to  just  remove  all 
of  the  defective  ]ilatc  a  circle  15  in.  in  diameter  will 
have  to  be  cut  out. 

The  patch  should  be  placed  on  the  inside  of  the  shell. 
This  is  not  to  avoid  the  ])robal)ility  of  it  blowing  off,  a.s 
is  sometimes  supposed  ;  there  is  no  danger  of  this,  even 
(hough  the  patch  were  on  the  outside,  the  rivets  being 
amply  strong  to  prevent  it.  The  reason  is  to  avoid  the 
formation  of  a  pocket  in  which  sediment  can  collect, 
with   the  attendant  danger  of  burning  the  patch. 

The  bag  is  shown  in  Fig.  3  by  the  irregular  lines,  the 
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dotted  line  iiidicatiug  tlie  15-iu.  lircle  it  is  iiec-ossary  to 
L'ut  out.  The  rivet  holes  must  be  puuehcd  or  drilled 
around  the  outside  of  this  circle,  and  it  is  customarj'  to 
allow  one  and  one-half  times  the  diameter  of  the  rivet 
from  the  edge  of  the  plate  to  the  center  of  the  rivet  hole. 
As  this  plate  is  i^  in.  thick,  ys'i'i-  rivets  will  be  used. 
This  will  bring  the  center  of  the  rivet  hole  1^%  in.  out- 
side of  the  15-iu.  circle,  making  the  diameter  from  cen- 
ter to  center  of  the  rivets  17%  in. 

In  the  patch  it  is  necessary  to  allow  one  and  one-half 
times  the  diameter  of  the  rivet,  or  Ifir  in.  from  the  cen- 
ter of  the  rivet  liole  to  the  edge  of  the  plate,  making  the 
total  diameter  of  the  patch  "2014  iu-  This  is  shown  in 
Fig.  4. 

This  patch  will  not  pass  through  the  maiihole,  yet  good 
practice  demands  that  it  be  put  on  from  the  inside.  The 
way  to  do  this  is  to  make  both  the  patch  and  the  opening 
in  the  boiler  elliptical,  as  in  the  case  of  a  manhead,  and 
])ass  the  patch  through  the  opening.  In  doing  this,  the 
long  axis  is  placed  girthwise  of  the  bjoiler  so  as  to  weaken 
the  shell  as  little  as  possible.  The  long  axis  must  be  at 
least  201/i  in.,  say  20%  in.  long,  to  allow  the  patch  to 
enter  easily.  Adding  one  and  one-half  times  the  rivet 
diameter  from  the  edge  of  the  opening  to  the  center  of 
the  rivet  hole,  and  one  and  one-half  times  the  rivet  diam- 
eters again  from  the  center  of  the  rivet  hole  to  the  edge 
of  the  patch — a  total  of  three  rivet  diameters  to  each  end 
of  tjie  patch — makes  the  long  axis  251/^  in.  long. 

The  opening  in  the  boiler  shell  will  he  15x201/^  in., 
and  the  patch  is  201/4x251^  in.  It  is  passed  to  the  inside 
of  the  boiler  through  the  opening  just  as  a  manhead  is 
passed  through  the  manhole,  then  turned  into  position, 
and  bolted  in  place  while  the  riveting  is  being  done. 

There  is  an  all  too  common  practice  of  patching  boil- 
ers as  a  result  of  bags.  Probaldy  75  per  cent,  of  the 
patches  applied  to  boilers  could  have  been  avoided  by 
properly  setting  the  bulges  back.  This  is  not  only  cheaper 
than  a  pate  h,  but  is  to  be  preferred,  as  it  does  not  weaken 
the  boiler  and  all  trouble  due  to  leakage  and  fire  cracks  is 
avoided. 

There  is  a  frequently  expressed  opinion  that  if  a  sheet 
is  once  bagged  and  set  back,  it  is  apt  to  bag  again  in  the 
same  spot.  This  contention  is  not  supported  by  practice, 
as  the  metal  is  practically  as  ttiick  as  it  was  before  it 
bagged,  and  would  bulge  again  only  when  overheated, 
caused  by  another  accumulation  of  sediment  or  grease. 
The  original  bag  occurred  at  a  point  where  sediment  was 
deposited,  and  if  more  accumulates  it  will  do  so  in  the 
same  spot  and  another  bag  will  result,  but  not  becaitse 
the  sheet  has  once  been  bagged  and  set  back.  This  action 
is  just  as  likely  to  occur  on  a  patch  as  it  is  on  a  sheet 
which  has  been  set  back. 

A  troublesome  feature  in  connection  with  patches  is  the 
formation  of  fire  cracks  extending  from  the  rivet  holes 
to  the  edge  of  the  plate.  The-\'  gradually  grow  worse, 
and  open  up  until  the  leakage  becomes  such  that  it  is 
necessary  to  remove  the  patch  and  put  on  a  larger  one. 
Although  these  cracks  are  by  no  means  confined  to  patches, 
they  are  also  prevalent  around  the  edges  of  patches  on 
the  fire  sheets,  at  the  girth  seams  over  the  fire,  and 
around  the  fire-door  frames  of  some  internally  fired  boil- 
ers. It  is  generally  coneeeded  that  they  are  caused  by  the 
cold  air  striking  these  seams  when  the  fire-doors  are 
opened,  thus  producing  severe  stresses.     There  are  manv 


boilers,  however,  operated  under  j;lentical  conditions  in 
which  there  are  no  fire  cracks. 

It  was  generally  thought  that  a  double-riveted  pateh 
cannot  be  kept  tight  over  the  fire,  but  the  writer  is  con- 
vinced that  such  a  seam  may  be  used  year  after  year, 
and  that  all  trouble  from  fire  cracks  may  be  avoided  by 
putting  the  patch  on  properly.  An  extensive  experience 
with  boilers  of  all  sizes  and  thickness  of  plate,  is  evi- 
dence that  the  trouble  is  due  to  the  use  of  the  drift  pin. 
When  the  rivet  holes  do  not  come  fair,  and  are  forced 
into  line  with  the  drift  pin,  the  ntetal  is  strained  beyond 
its  elastic  limit  and  is  under  a  severe  initial  strain  with 
no  elasticity  to  care  for  those  of  regular  service;  there- 
fore leakage  and  cracks  soon  result. 

The  trouble  is  avoided  by  drilling  all  rivet  holes  in 
place  rather  than  punching'  them,  or  punching  them  at 
least  i/jL  in.  under  size  and  then  reaming  them.  The 
edges  should  be  slightly  chamfered  to  reuiove  the  burrs 
and  minttte  cracks  radiating  fiprn  the  hole  A  number  of 
large  patches  have  been  put  on  in  this  way  in  plates  up 
to  fj;  in.  thick  and  exposed  ta'the  direct  action  of  the 
fire  and  they  have  held  tight  for  years  under  regular  op- 
erating conditions.  This  work  costs  considerable  more 
than  the  usual  method,  but  it  is  money  well  spent  and 
will  save  dollars  in  repairs. 

Pir®c®ss 

The  Pyro-Perolin  process  for  keeping  boilers' free  of 
scale,  consists  of  an  apparatus  which' generates  and  com- 
bines various  gases  in  such  proportions  that  when  they 
are  ignited  and  the  flame  is  applied  to  the  scalfe,  which 
has  been  previously  treated  with  Perolin,  the  combination 
decomposes  and  disintegrates  the  scal6,  leaving  the  metal 
clean,  even  in  inaccessible  parts.   ' 

Cleaning  a  boiler  by  this  process  Requires  from  one  to 
three  days,  depending  upon  its  size,  condition  and  type. 
After  it  is  cleaned  a  liquid  protective  film  is  applied  to 
fill  the  pores  of  the  metal  and  establish  a  smooth  surface, 
to  prevent  scale-forming  sediments  adhering.  This  film 
is  maintained  and  the  boiler  kept  in  a  clean  condition  by 
feeding  daily  a  small  amount  of  Perolin  metal  treatment. 

The  manufacturer,  The  Perolin  Co.  of  America,  1112 
W.  Thirty-seventh  St.,  Chicago,  111.,  guarantees  to  clean 
any  type  or  size  of  boiler  by  its  process  and  free  it  from 
scale  in  not  more  than  four  days,  without  damaging  the 
boiler,  the  setting  or  the  attachments.  The  boiler  is  sub- 
ject to  the  inspection  and  approval  of  the  boiler-insur- 
ance companies.  The  company  also  guarantees  to  protect 
the"  boiler  metal  against  pitting,  corrosion  and  galvanic 
action,  regardless  of  the  kind  of  water  used. 

Denatured  Eleotrlelty — An  interesting  method  of  prevent- 
ing tlie  improper  use  of  electric  current  has  been  devised  by 
an  Italian  engineer.  The  practice  of  making  especially  low 
rates  for  current  to  be  used  in  electric  power,  heating  and 
cooking  devices  is  becoming  more  and  more  general,  but  with 
the  ordinary  constant  potential  current  it  is  difficult  to  detect 
the  use  of  lights  on  circuits  intended  only  for  power  and  heat- 
ing. This  engineer  advocates  the  use  of  special  circuits  on 
which  the  current  is  subject  to  extreme  fluctuation  of  voltage 
at  rapidly  recurring  intervals,  which  would  make  it  practi- 
cally impossible  to  use  lamps,  because  of  the  flicker.  As  the 
current  is  not  entirely  interrupted  and  the  normal  voltage  is 
almost  instantly  stored,  the  proper  operation  of  power  or 
heating  apparatus  is  not  interfered,  with  and  the  rightful  use 
of  the  circuits  for  their  respective  purposes  is  assured. 
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We  have  before  arisen  to  remark  upon  the  careless- 
ness with  which  statutes  and  ordinances  are  sometimes 
drawn.  The  present  expostnlation  is  the  resnlt  of  a 
reading  of  the  Steam  Boiler  Inspection  Law  enacted  by 
the  General  Asseml)ly  of  tbc  Slntc  of  Indiana  somcthiug 
over  a  year  ago. 

In   section   8   it  is   decreed  that: 

The  bracing  and  staying  of  flat  surface.?  shall  be  so  de- 
signed that  seventy-five  hundred  (7500)  pounds  per  sq.in. 
sliall   be   the   maximum    pressure   allo'sved. 

Of  course,  the  intent  is  tliat  the  maximiini  j)ressure 
allowed  shall  be  such  as  will  not  stress  the  stays  over 
7500  pounds  per  square  inch  of  cross-section,  but  that 
is  not  what  the  statute  says. 

In  the  same  section  occurs  the  following  jjaragrapli 
which  we  commend  to  the  analytical  scrutiny  of  our 
readers : 

xVll  manholes  shall  be  above  the  tubes  in  boilers  fifty- 
four  (54)  inches,  and  above  in  diameter  shall  be  placed  in 
the   top   of  the   shell,   and   to  be  made   of   pressed   steel. 

Section  10  fixes  the  factor  of  safety  of  new  "Indiana 
Standard"  boilers  at  not  less  than. five,  with  rivet  holes 
punched  at  least  one-eighth  of  an  inch  smaller  in  diame- 
ter than  the  rivet  holes  desired,  and  the  rivet  holes 
reamed  out.  "All  boilers  now  in  service  of  lapped  longi- 
tudinal seam  coiistrucliou  shall  be  allowed  a  factor  (all 
boilers  a  factor)  of  safety  as  an  examination  of  design 
and  construction  warrant,  but  not  le.'^s  than  514."  Boilers 
already  btiilt  with  butt-strapjK'd  longitudinal  joints  with 
two  straps,  may  have  factors  of  safi'ty  of  not  less  than 
five.  Boilers  having  longitudinal  butt  joints  with  but 
a  single  strap,  will  be  treated  tlie  same  as  lapiDcd-joint 
boilejrs.  These  factors  of  safety  are  all  considerably 
high,  and  one  can  readily  see  where  a  manufacturer  who 
ha,s  put  in  a  boiler  adapted  to  his  work,  with  factors  of 
safety  in  ordinnry  use  before  the  jiassage  of  the  law,  will 
find  himself  out  of  tune  with  the  de]>artment  when  it 
tries  to  reduce  the  allowalile  pressure  anywhere  from 
twenty  to  thirty  per  cent. 

In  the  formula  given  in  Section  21  for  ilefcnnining  (he 
wife  working  pressure  for  surfaces  not  self-su]ii)orting. 
with  screwed  stays  riveted  over,  it  is  evident  that  the 
legislators  or  the  printer  have  forgotten  to  put  an  ex- 
ponent over  the  symbol  for  the  thickness  of  the  plate,  for 
the  pressure  would  vary  as  the  s(|nare  of  ;nid  not  directly 
us  tbc  thickness.  .Vs  another  exam])le  of  loose  I'.nglish, 
this  section  concludes  witli  the  sentence  "All  curved  sur- 
faces not  self-supporting  shall  be  treated  as  a  flat  sur- 
face." 

In  Section  2"'  it  is  stiimhilcil  tliiit  ■•When  stay-bi>lts 
are  punched  they  shall  be  ]nMi(hcd  :it  least  one- 
eighth  inch  less  in  diameter  than  the  stay-bolt  at  tlie  root 
of  its  thread."  Stny-bolts  arc  sonu'times  drilled,  but  the 
punching  stipulation  is  evidently  intended  to  apply  to 
the  plate  and  not  to  the  bolt.  The  formula  for  deter- 
minin'r  the  increased  iirea   <^f  a   slay  which   is  indin'clly 


apidicd,  a  diagonal  lii-acj.  a.^  comiwred  with  a  direct  or 
straight  brace,  is  VA^ry  badly  mixed  up  in  the  reprints 
of  the  law  which  are  dislriluited,  but  this  may  be  dtie  to 
the  leaving  out  of  subscripts  on  the  part  of  the  printer. 
A  statute  wliich  is  to  become  a  part  of  the  written 
law  of  a  state  like  Indiana  is  of  sufficient  importance  to 
warrant  revision  and  ])roofreading  by  somebody  who 
knows  the  subject,  before  it  is  put  on  record. 


joaleir'  Enaspecttioim  dl^irnBag 


The  closing  sentence  of  the  article  ''Cracked  Head- 
ers on  a  Water-Tube  Boiler,"  page  273,  remarks  t\w  ad- 
vantage of  inspecting  boilers  while  they  are  being  built. 
Probably  no  one  would  dispute  the  statement  that  an  in- 
spection at  that  time  is  of  more  value  than  one  made 
after  the  boiler  is  installed.  Both  are  important,  for  a 
iiL'w  boiler  may  have  defects  not  evident  before  it  has 
been  in  use  for  a  season  that  will  show  up  after  pressure 
has  been  put  upon  it  for  a  time.  Quite  as  true  is  it  that 
defects  which  would  be  almost  impossible  to  detect  after 
a  boiler  is  erected  would  be  plainly  evident  in  a  shop 
examination. 

It  may  be  almost  too  radical  a  ])roposition  to  put  forth 
as  a  suggestion,  but  certainly  there  are  attractive  possi- 
bilities in  the  idea  of  a  national  law  similar  to  the  Food 
and  Drugs  Act,  which  would  put  the  workmanship  and 
materials  used  by  boiler  manufacturers  under  rigid  in- 
sijcction,  in  the  interest  of  the  ]iublic  s.Tfety.  The  mo- 
tive and  the  reason  for  such  a  law  would  be  akin  to 
those  that  occasioned  the  pure  food  law.  Then  sho])  in- 
s])ection  would  not  be  as  now,  made  onlv  when  the  ])ur- 
chaser  himself  or  his  insurance  c(un]iiiny  is  partiiubir 
enough  to  have  it  done. 

This  inspection  .service  might  go  back  fartlwr  than 
the  boilermaker's  shop  and  include  inspection  at  the 
plate  mill,  even  as  the  Government  now  inspects  armor 
plate  in  the  ])rocess  of  manufacture.  It  goes  without 
saying  that  the  inspectors  would  need  to  be  experts  by 
training,  with  actual  experience  in  boiler  and  plate  mak- 
ing, for  the  defects  tluey  would  be  expected  to  discover 
would  be  invisible  to  the  eyes  of  a  Inynian. 

Fntil  all  states  have  boiler-ins])cction  laws,  such  a  na- 
lional  law  as  outlined,  if  it  would  not  invade  state's 
ri;rbts,  would  be  of  considerable  protection.  Boiler  manu- 
facturers, be  they  ever  so  desirous  personally  or  as  indi- 
^idual  officjcrs  to  avoid  all  chances  of  boiler  accidents  for 
the  sa!e  of  hub.anifv  ;nid  their  own  good  name,  cannot 
control  the  conduct  of  their  employees  '  ntirely.  Wilful 
neglect,  carelessness  or  ignorance  im  the  part  of  an  un- 
watched  workman  may  easily  culminate  in  a  disaster. 
If  out.«ide  inspection  would  avoid  even  a  very  few  such 
accidents,  it  woubl  bi^  justified  from  every  standpoint — 
the  iiiMiiufiiiturer's  11s  wi'll  n«  the  ii>ier's. 
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The  examination  questions  which  appear  on  page  282 
of  this  issue  att'ord  an  opportunity  for  self-examination. 
Being  questions  actually  used  at  Chicago  in  a  recent  test, 
they  are  thoroughly  practical  and  should  be  answered  in 
a  liicid  manner  and  not  simply  by  reciting  rules. 

Probably,  by  much  training,  a  parrot  could  be  taught 
to  repeat  a  formula  or  a  rule  correctly,  but  it  would 
avail  nothing.  So  with  the  engineer;  the  reasons  for 
rules  and  formulas  must  be  understood,  as  well  as  how 
and  when  to  apply  them  before  they  are  truly  useful. 

To  get  the  real  good  out  of  answering  or  trying  to 
answer  these  questions,  the  engineer  must  be  impartial 
and  honest  with  himself,  answering  them  withoiit  help 
and  then  checking  his  answers  by  submitting  them  to 
others  who  are  authorities  or  by  looking  up  the  answers 
in  his  books.  Then  he  should  mark  his  paper  as  impart- 
ially and  even  critically  as  he  would  were  he  an  ex- 
aminer and  see  how  he  likes  the  showing  made. 

ProbaWv  he  will  learn  several  things,  among  whii^li 
will  be  that  he  did  not  have  nearly  the  fund  of  inform- 
ation that  he  or  his  friends  supposed,  nor  could  he  ex- 
press creditably  in  writing  what  he  did  know  in  a  gen- 
eral way ;  that  the  examiner  was  expected  to  know  what 
was  meant  anyway,  whether  properly  expressed  or  not; 
that  the  examiner  actually  did  and  generally  does  make 
liberal  allowances — i.e.,  that  the  popular  idea  of  an  iip- 
rlght  judge  is  one  who  leans  considerably;  that  being 
human,  he  probably  does  lean  to  some  extent  in  every 
case,  etc.  If  properly  conducted,  such  a  self-examina- 
tion will  develop  surprises  and  benefits  unsuspected. 

It  is  first  rate  to  endeavor  to  impress  others  as  fa- 
vorably as  possible,  but  it  is  best  to  be  honest  with  one's 
self.  It  is  told  of  an  ancient  warrior  that  he  had  for  a 
motto  on  the  front  of  his  shield  toward  the  enemy, 
^•Be  bold,"  but  on  the  reverse  side,  for  his  own  eyes, 
there  were  two  additional  words.     "Be  not  too  bold." 


Eecently  an  engineer  traveled  from  Pittsburgh,  Penn., 
to  Bahia,  Brazil,  to  do  half  an  hour's  work. 

This  engineer,  William  E.  Sonricker,  works  for  a 
Pittsburgh  manufacturing  concern  that  is  installing  some 
large  refrigerating  plants  in  South  America,  and  this 
particular  plant  at  Bahia  would  not  work.  Of  course, 
the  men  on  the  construction  job  exhausted  their  resources 
to  find  and  correct  the  defect,  but  they  could  not  locate 
the  cause  of  the  trouble.  So  a  cablegram  was  sent  to  the 
makers  of  the  apparatus,  and  in  response  to  it  Sonrickei 
was  sent  with  all  possible  speed  to  the  scene  of  the  trou- 
ble. Upon  his  arrival,  he  located  the  difficulty,  made  the 
necessary  adjtistment  and  was  ready  to  begin  his  return 
journey  within  half  an  hour. 

It  is  fair  to  assume  that  a  piece  of  apparatus  designed 
for  use  so  far  away  from  the  home  shop  as  Bahia  is 
from  Pittsburgh  would  be  of  the  simplest  character  pos- 
sible. At  least  it  would  be  designed  in  such  a  way  as  to 
avoid  any  complications.  It  is  also  reasonable  to  sup- 
pose that  the  men  intrusted  with  the  work  of  erecting 
the  machine  were  familiar  enough  with  it  to  correct  any 
fault  common  to  units  of  its  type.  The  short  time  re- 
quired by  Sonricker  to  find  the  defect  and  apply  the 
remedy  shows  that  the  fault  was  not  great. 


The  feature  of  this  incident  which  interests  engineers 
is  the  reason  why  Sonricker  was  selected  for  this  import- 
ant mission  to  Bahia.  It  must  have  been  because  of  hia 
ability  to  find  the  right  answer  to  any  engineering 
problem  that  might  be  involved  in  the  balk  the  plant  had 
made.  There  were  other  mechanical  engineers  and  re- 
frigeration specialists  already  on  the  job,  but  they  were 
not  successful.  Sonricker  was  peculiarly  gifted  as  a 
trouble  finder. 

His  knowledge  of  the  machine  that  refused  to  run 
must  be  both  comprehensive  and  microscopic;  general, 
still  specific  in  every  detail.  Not  only  so,  but  Sonricker 
must  be  more  than  a  mere  "mechanical"  engineer ;  he 
must  be  a  scientist  in  a  sense — a  close  observer,  an  orig- 
inal thinker,  a  student  of  the  principles  and  laws  gov- 
erning mechanical  operations  and  apparatus,  and  be  able 
to  trace  them  with  unerring  accuracy  back  to  their  source 
and  true  cause.  Knowledge,  wide  and  deep,  must  be  the 
equipment  of  the  man  who  is  intrusted  with  unusual 
missions.  But  further,  there  must  be  also  the  capacity 
to  comprehend,  to  analyze,  and  to  draw  conclusions. 

Men  thtis  constituted  and  equipped  can  always  com- 
mand good  compensation  for  their  service,  and  their 
service  is  always  in  demand.  And  the  best  thing  about 
it  all  is  that  the  way  to  success  in  this  line  is  no  "royal 
road."  It  is  open  to  every  man  on  the  same  terms.  Am- 
bition, detennination  to  achieve,  energy,  all  wisely  di- 
rected, constitute  the  terms. 


At  a  recent  meeting  of  boiler  inspectors,  the  value  of 
fusible  plugs  for  boilers  was  discussed,  along  with 
other  questions.  While  the  usefulness  of  the  device  was 
conceded,  if  kept  in  proper  condition  and  frequently  re- 
newed, by  most  of  those  who  discussed  the  question  it 
was  the  opinion  that  fusible  plugs,  as  used  under  ordinary 
conditions,  are  not  reliable. 

Among  the  rules  recently  issued  by  the  Board  of 
Boiler  Eules  of  the  State  of  Massachusetts  the  one  re- 
lating to  fusible  plugs  states  that  they  must  be  filled 
with  pure  tin  and  that  the  least  diameter  shall  not  be 
less  than  one-half  inch,  except  for  working  pressures 
over  175  lb.  gage;  when  it  is  necessary  to  place  a  fusible 
plug  in  a  tube,  the  least  diameter  of  the  fusible  metal 
shall  not  be  less  than  %  in. 

Thus  the  engineers  of  at  least  one  state  are  required 
by  law  to  use  plugs  of  a  certain  fusible  metal,  and  the 
minimum  limit  in  sizes  is  also  fixed,  but  nothing  is 
found  in  the  rules  which  compels  a  negligent  engineer 
to  renew  fusible  plugs  at  stated  intervals,  which  would 
seem  to  be  one  of  the  main  precautions  to  guard  against 
their  failure. 

If  the  fusible  metal  always  remained  clean  and  free 
from  coating,  the  necessity  of  frequent  renewal  would 
be  eliminated,  but  with  the  ordinary  feed  water,  de- 
posits adhere  to  the  surface  of  the  plug,  and  in  many 
instances  have  effectually  prevented  it  from  fusing. 

If  a  fusible  plug  is  not  filled  witli  the  proper  fusing 
metal,  and  if  it  is  not  kept  clean,  it  becomes  a  menace 
and  fails  as  a  safeguard. 

Engineers  have  an  opportunity  to  note  the  action  of 
safetv  plugs  in  their  boilers,  and  undoubtedly  have  formed 
an  opinion  as  to  their  value  as  a  safety  appliance.  Are 
they  or  are  tliey  not  to  be  depended  upon? 


August  -J-).  1914  POWER 

ijiiiiiiiiuiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiniiiiniiiiiiniinnnininiinmiiiiiniiniiiimiiniiiiiiiiN         iiniiiiiiiiiiniiiiiiiiiiiiiiiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiw^^ 


370 


torrespoimdleinice 


G^ravnUy   Oil  SepsvE'sitos' 

On  page  8()8,  ,Jwne  16,  J.  M.  Long  describes  a  float 
•of  the  balanced  difFiCrential  type.  It  brings  to  my  mind 
a  piece  of  apparatus  I  built  some  years  ago  for  separat- 
ing oil  and  water. 

It  will  automatically  separate  oil,  air  and  water — in 
fact,  anything  which  does  not  mi.x  chemically  and  in 
•which  there  is  sufficient  difference  in  tlie  specific  gravity 
to  operate  a  float. 

The  condensate  enters  at  .4  and  is  directed  upward 
and  into  the  strata  of  oil  by  the  pipe  B.     The  tank  C 


I  — }  Cleanout  Hole 


SiccTiox  OF  Filter 

is  fitted  with  a  float  E  and  piston  valve  T>.  shown  in 
a  closed  jjo.'sition.  The  float  is  so  balanced  that  it  will 
sink  in  oil  and  float  in  water,  thus  opening  and  closing 
the  valve  1)  to  the  atmosplu'rc  and  the  oil-vent  pi])0. 

The  tank  C  contains  a  certain  amount  of  oil  and 
■water,  and  an  increase  of  either  will  ciiange  the  ])osition 
of  the  float  and  cause  the  separator  to  act. 

For  instance,  an  increa.se  in  tlu.-  water  in  the  tank  C, 
and  column  F ,  will  cause  it  to  overflow  from  /'"'  so  long 
as  it  is  supplied  at  .1.  With  oil  accumulating  in  tank 
C,  thereby  gradually  lowering  the  level  of  the  water, 
the  float  will  operate  the  valve  D,  thereby  allowing  a 
BBDall  amount  of  oil  to  escape  and  to  balance  the  machine 
again. 

If  any  great  amount  of  air  is  taken  in  at  A,  tlie  opcr- 
ition  would  be  practically  the  same.  The  levels  would 
.OWer,  due  to  the  air  volume  above  the  oil   increasing, 


and  continue  to  lower  until  the  valve  D  opened,  and  the 
air  would  escape. 

No  filters  are  used  and  the  water  is  clean,  due  to 
the  condensate  entering  the  oil  strata  first  and  then  fall- 
ing by  gravity,  leaving  the  air  and  oil  at  the  upper  part 
of  the  apparatus. 

Edwaud  0.  Johnson. 

East  Orange,   X.  J. 

Boiler   Capacits^  asadl  COo 

Relative  to  the  inquiry  of  J.  M.  on  page  145  of  the 
July  28  issue,  there  will  be  no  decrease  in  the  capacity 
nor  pressure  of  the  boilers  by  slowing  down  the  fan,  pro- 
viding the  low  percentage  of  CO,  is  due  to  too  much  air 
being  forced  through  the  fuel.  The  furnace  temperature 
will  be  increased  as  there  will  be  the  same  number  of 
heat  units  contained  in  the  lesser  amount  of  furnace  gas 
and  hence  more  water  will  be  evaporated.  There  is  a 
definite  relation  between  the  amount  of  draft  and  the 
thickness  or  resistance  of  the  fire.  The  thickness  of  the 
fire  depends  upon  the  character  of  the  fuel  and  the  size 
of  the  grate  surface  in  relation  to  the  capacity  of  the 
boiler;  and  the  draft  can  be  decreased  to  the  proper  min- 
imum of  excess  air  with  an  increase  in  economy. 

If,  however,  the  low  percentage  of  CO,  is  due  to  air 
leaks  in  the  setting  or  holes  in  the  fuel  bed,  the  CO2 
can  be  increased  very  little  by  reducing  the  draft  and 
any  attempt  to  reach  a  good  percentage  of  CO2  by  this 
method  will  result  in  a  decreased  capacity  and  a  drop 
of  pressure;  for  when  the  draft  has  been  regulated  so  as 
to  burn  the  fuel  with  the  minimum  of  excess  air,  the 
products  of  combustion  being  mixed  with  additional  air 
above  the  grates,  any  further  decrease  in  draft  will  re- 
sult in  incomplete  combustion  and  the  forming  of  CO 
instead  of  CO,. 

C.  Lkslie  Barnum. 

New  Brighton,  N.  Y. 


I  find  the  altogether  (00  general  Ix'licf  that  a  test  for 
CO,  is  a  test  of  flue  gases.  I'ndoubtedly  a  CO,  test  is 
better  than  none,  but  it  does  not  tell  the  whole  story. 
High  CO,  is  taken  to  mean  good  combustion  and  low  CO, 
bad.  But  of  what  value  is  high  CO,,  if  in  getting  it 
the  draft  is  reduced  to  a  point  where  CO  passes  up  the 
stuck  unburncd.  Why  not  test  for  oxygen,  CO,  and 
CO,  which  would  really  amount  to  something. 

The  most  economical  point  at  which  a  boiler  will  work 
is  usually  not  that  at  which  it  will  evaporate  the  great- 
est amount  of  water;  that  is,  by  slowing  down  the  fan, 
greater  economy  may  be  attained,  but  less  coal  can  I)e 
burned. 

Whether  the  l)oilcr  in  tiiis  |)arli(\dar  case  would  evap- 
orate more  water  after  slowing  the  fan  is  a  question  one 
can  only  attempt  to  answer  from  experience.  I  have 
tested  boilers  that  developed  160  per  cent,  rating  and 
the  flue  gases  showed  as  low  as  !)  per  cent.  CO,,  and  a 
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high  percentage  of  oxygen  with  no  CO.  Upon  taking 
off  the  blower  the  steam  pressure  dropped  to  90  per  cent, 
with  practical]}'  no  oxygen  and  3  per  cent.  CO.  If  any- 
thing like  this  happens"  when  the  fan  is  slowed  down  the 
pressure  will  drop,  but  with  a  slight  reduction  of  air. 
better  conditions  and  greater  evaporation  will  result. 

J.   A.   COLTRTN. 

Kewanee,  111. 


pin.  Screw  bar  B  into  it  until  it  engages  the  center  in 
the  end  of  the  piston  rod.  Screw  it  up  snug,  tapping 
ihe  crosshead  lightly  with  a  soft  hammer  at  the  same 
time,  and  the  rod  will  yield  readily. 

The  size  and  length  of  the  bar  B  is,  of  course,  deter- 
mined by  the  size  and  type  of  the  engine.  Oliviously, 
the  shorter  it  can  be  made,  the  better. 

(iKoiuiK   G.   Lek. 

Ottawa,  Ont.;  Canada. 


Flue-gas  analysis  alone  is  no  gage  of  furnace  efficiency. 
Tf  5  to  8  per  cent.  COj  is  found  on  analysis  of  the  flue 
gases,  it  may  be  due  to  a  clinkered  fire,  too  much  draft 
with  a  thin  fire,  a  fuel  bed  full  of  holes,  or  possibly  air 
leakage  through  the  setting.  These  causes  for  excess 
air  must  be  detected,  one  by  one,  with  the  Orsat  and  draft 
gage.  Then  the  draft  necessary  for  various  thicknesses 
of  the  fuel  bed  to  obtain  good  combustion  can  be  deter- 
mined. The  meager  information  given  in  the  question 
will  not  enable  one  to  determine  whether  the  boilers  will 
steam  i)etter  or  hold  the  required  pressure. 

11.  A.  Cox. 

Middletown,  X.  Y. 
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In  reply  to  J.  C.  Hawkins'  letter  on  page  25,  July  7,  I 
desire  to  say  that  the  Hartford  Steam  Boiler  Inspection 
&  Insurance  Co.  had  an  .article  on  that  subject  in  its 
Locomotive,  July,  1897,  on  page  97,  and  a  more  extensive 
article,  July,  1908.  The  forms  of  patches  are  analyzed 
in  those  articles,  and  the  form  spoken  of  has  been  recom- 
mended by  Hartford  inspectors  for  some  twenty  years. 

Thomas  E.  Shears. 

Denver,  Colo. 

Gettiirag  a  Crosslhead  OlRT 

Xoting  A.  C.  Waldrou's  method  of  removing  the  cross- 
head  from  the  piston  of  large  engines,  on  page  103, 
July  21,  I  think  tlie  following  method  is  infinitely  easier 
and  more  simple : 


Dkiktixc;  Si:r  to  Kicmovk  Cho^^shead 

seen  one.  After  removing  the  key.  the  offset  piece  A 
Js  inserted  into  the  slot  against  the  cro.ssliead  at  the  end 
next  to  the  crank;  a  small  piece,  which  is  a  little 
shorter  than  the  rod's  diameter,  is  used  in  the  other  end 
■jf  the  slot  against  the  rod. 'By  driving  the  kev,  the  most 
stubborn  set  is  loosened. 

John   F.   Hurst. 
Louisville,  Ky. 

Another  method  of  removing  a  crosshead  from  a 
tapered  piston  rod  is  shown  in  the  illustration.  Part  .1 
is  made  tapered  and  is  circular  in  shape  on  one  side,  to 
tit  the  eve,  and  flat  on  the  ofter  side.     Part  B  is  smaller 


With   the   larger   sizes   of   engines    jiaving   taper-lifted  j 

rods,  the  manufacturer  formerly  furnished  a  "drifting''  j 
set  for  removing  the  rod  from  the  crosshead. 

The  illustration  will  interest  any  who   niav  not  have  i 


.V  .Jack  for  Crossheads 

A  pin  .4  slightly  smaller  than  the  wristpin  is  drilled 
and  tapped  at  right  angles  to  its  length  to  receive  a  li/^- 
or  2-in.  bar  or  screw  B,  which  is  threaded  and  one  end 
pointed  to  fit  into  the  center  in  the  piston  rod,  while 
the  other  end  is  squared  for  a  wrench. 

Insert  pin  A   in  the  crosshead  in  place  of  the  wrist- 


FIO-2 

Wedg.es  e(»i; 


than  the  eye,  and  is  also  tapered,  but  is  flat  on  opposite 
sides,  forming  a  wedge.  B  \&  &  mandrel  of  the  right 
length  to  make  up  the  distance  between  the  end  of  tlie 
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piston  rod  and  tlu'  wedge  B.  Stop  />  is  to  keep  A  from 
iriving  out.  With  the  members  assembled  as  shown,  it 
is  evident  that  a  blow  on  wedge  B  will  start  the  piston 
Kid  from  the  erosshead. 

J.  A.  Lucas. 
New  York   City. 

■^: 

I  have  not  l)een  botbered  with  eommutator  trouble 
Inr  two  years.  Before  that  it  was  necessary  to  turn  down 
the  commutators  every  two  or  three  months.  They  would 
run  all  right  for  a  few  weeks  after  turning,  and  then 
begin  to  heat  again.  I  was  in  the  habit  of  wiping  them 
two  or  three  times  a  day  with  engine  oil,  thinking  that 
this  was  the  proper  thing.  However,  a  light,  slender  car- 
bon streak  would  begin  to  form  at  equal  distances  on 
three  sides  of  the  commutators  on  both  of  our  120-volt 
generators.  From  the  width  of  a  pencil,  these  grew  little 
by  little,  until  the  whole  commutator  was  black  in  five 
or  six  weeks. 

These  spots  were  sandpapered  occasionally,  and  the 
black  deposit  wiped  off  to  an  apprecialile  extent,  but  al- 
ways there  remained  the  microscopic  pitting  on  the  sur- 
face of  the  bars,  aiid  three  to  four  hours  later  it  would  be 
hot. 

I  usually  repeated  the  process  with  as  much  diligence 
as  possible,  endeavoring  for  an  effective  cure,  but  the 
only  way  was  to  keep  running  until  Saturday  noon,  when 
the  repair  squad  would  take  the  commutators  over  to  the 
machine  shop  to  be  turned.  A  remedy  has  now  been 
found  in  the  following  treatment : 

Melt  common  wax  in  a  pan,  and  put  into  this  as  much 
graphite  as  it  will  hold;  leave  it  to  cool  and  then  cut  it 
into  cakes  of  about  a  cubic  inch.  The  wax  holds  the 
graphite  together.  If  the  commutator  heats,  sandpaper 
it  thoroughly;  then  apply  this  liome-made  cake.  It  will 
readily  melt  when  held  on  the  hot  commutator.  Come 
back  several  minutes  after  and  touch  it  u])  again.  Never 
use  oil.  If  the  commutator  has  a  chocobite  surface,  it 
may  not  be  necessary  to  sandiJajier  it,  and  the  gra|ihite 
composition  may  suffice. 

Luke  MAnitiii. 

Fall  Kivcr.  Mm  s. 

Tlie  editorial  on  this  sid)JTt  in  tln'  .Fuly  ',  issue  re- 
minds me  of  a  few  instanii's  wben  I  was  calli'd  on  for 
llel]). 

In  one  case  a  coal  company  liad  a  l.'iO-kw.  generator 
driven  by  a  simple  engine  which  had  opei'atcd  satisfac- 
torily for  two  years,  but  finally  developed  a  serious  kiioek. 
r))on  arriving  at  the  plant  I  was  met  by  the  sujierin- 
icndent,  bookkeej)er,  store  manager  and  many  miners.  All 
wemed  to  think  the  engine  was  "done"  and  ready  for  the 
wrap  ])ile.  After  getting  all  the  information  I  coidd  it 
wemed  to  nie  tiiat  the  trou^^le  must  be  in  the  cylinder. 
]  found  that  the  follower  liad  been  bumiiing  the  head; 
OTIC  turn  of  the  rod  remedied  the  trouble.  I  received  for 
(ly  pay  a  kind  "thank  you  ever  so  much  until  you  arc 
better  paid." 

On  another  occasion  a  mining  company  was  notified 
that  the  air  inspector  would  arrive,  and  as  the  air  condi- 
tions were  bail,  the  comj)any  attempted  to  improve  ;nat- 


tei-s  by  installing  a  small  fan  at  one  of  the  air  courses, 
driving  it  with  an  old  motor  from  the  scrap  pile.  After 
all  was  apparently  ready  for  the  trial,  the  current  was 
turned  on;  instead  of  the  motor  starting,  the  resistance 
i  1  the  starting  box  burned  out.  This  happened  twice, 
and  then  I  was  sent  for. 

I  told  the  manager  it  would  be  impossible  for  me  to 
leave  my  own  plant  at  that  time,  but  if  necessary  I 
would  come  after  1  got  off  duty.  He  insisted  on  it,  "and 
after  riding  a  wheel  six  miles  I  arrived  at  the  mines. 
The  trouble  was  found  and  remedied  quickly. 

^\'ith  a  smile  on  his  face,  the  manager  stepped  to  one 
side  out  of  the  draft  of  the  fan,  took  from  his  vest 
pocket  a  cigar,  of  which  he  had  a  good  supply,  lit  it — 
and  kept  the  rest  in  his  pocket.  After  satisfying  him- 
self that  all  was  ready  for  the  air  inspector,  and  M'ith- 
out  asking  me  if  I  had  made  arrangements  for  staying 
over  until  morning,  or  even  finding  a  place  for  me  to 
sleep,  he  turned  in  the  direction  of  his  bungalow  and 
soon  disappeared  in  the  dai-kness. 

Such  experiences  have  taught  me  how  to  deal  with 
people  who  want  help.  Now,  when  I  am  called  for  in  an 
emergency,  there  is  always  an  understanding  at  the 
start  as  to  whether  it  is  for  business,  pastime  or  for  "In 
God  we  trust." 

A\  .    II.    CORBIN. 

Sharjiles,  AY.  Ya. 


The  thread  was  stripped  from  a  Buckeye  valve-gear 
and  the  ball  on  the  end  of  the  cutoff  valve  rod  came  off. 
The  rod  end  did  not  go  through  the  ball,  so  I  filed  the 
shouhler  back  for  an  eighth  of  an  inch,  so  that  the  rod 
would  extend  through ;  put  the  ball  on  and  riveted  the 
rod  end  until  the  ball  was  fast ;  it  has  never  come  loose 
since.  The  valve  was  easily  adjusted  by  shortening  the 
eccentric  rod. 

IIiailtKliT    UOLEOYD. 

Pliiladeljjhia,  Penn. 


One  of  the  bearings  on  a  SO-hj).  motor  always  became 
\(iy  warm  during  a  day's  run,  but  no  reason  could  be 
found  for  this  as  there  always  was  plenty  of  oil  in  the 
oil  well;  moreover,  it  was  renewed  often.  The  bearings 
were  of  ring-oiled  type.  One  day  the  bearing  became 
warmer  than  usual  and  an  investigation  showed  that  the 
oil  ring  was  not  turning.  The  bearing  was  then  taken 
a])art  and  it  was  found  that  the  inside  of  the  oil  ring, 
where  it  comes  in  cnntact  with  the  shaft,  was  very  smooth 
line  to  wear  from  long  use.  This  made  it  impossible 
for  tbe  ring  to  turn  with  tlie  shaft.  By  roughing  the  in- 
side (  f  (he  ring  with  a  coarse  file  the  trouble  was  cured. 

I  believe  this  bearing  always  ran  warm  becau.se  the 
oil  ring  did  not  turn  at  times  so  as  to  bring  oil  on  top 
of  the  shaft,  wlien  the  bearing  would  run  dry.  Again  the 
oil  ring  would  get  into  a  position  so  that  it  would  turn 
for  a  .short  time,  then  stop  again.  This  same  trouble 
will  also  occur  where  the  inside  of  the  ring  has  worn  out 
of  round  from  long  use,  when  it  will  not  turn  freclv 
with  the  sliaft  at  times  and  nmst  be  started  again  by 
means  of  a  stick  through  tbe  oil-well  hole. 
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In  .mother  instance,  two  bearings  of  the  single-ring- 
oiler  type  on  a  large  motor  ran  hot.  Upon  investigating, 
it  was  found  that  the  rings  did  not  turn  at  all  and  could 
not  be  made  to  turn  with  a  stick  through  the  oil-well 
cover.  The  bearings  were  then  taken  apart  and  it  was 
found  that  the  oil  was  of  a  sticky  nature.  Upon  in- 
quiring of  the  operator  as  to  what  oil  he  used,  it  developed 
that  it  had  been  taken  out  of  a  ten-gallon  oil  can  stand- 
ing near  the  motor.  This  was  found  to  contain  steel- 
cable  dressing.  Due  to  the  bearings  being  hot.  the  oil 
rings  were  baked  to  the  sides  of  the  slot  in  the  top  bear- 


H.  A.  Jahxkh. 


Milwaukee.  Wis. 


The  accompanying  (juestions  were  asked  in  an  exam- 
ination held  June  13,  1914,  for  the  position  of  engineer- 
custodian,  class  E,  group  D,  Board  of  Education,  Chi- 
cago, 111.  Some  people  used  to  think  that  school  en- 
gineers were  janitors  and  scrubwomen,  but  the  standard 
is  improving,  due  to  efforts  to  bring  into  the  sei'vice  the 
best  class  of  engineers.  The  method  pursued  is  a  good 
one. 

In  the  past,  the  examinations  have  been  so  easy  that 
from  50  to  7o  per  cent,  would  pass,  but  I  dare  say  that 
in  this  examination  only  about  10  per  cent,  of  the  300 
applicants  will  attain  the  eligible  register.  These  high 
requirements  will  bring  into  the  service  men  who  liave 
thorough  engineering  knowledge,  though  not  necessarily 
a  college  education : 

.  Questions 

1.  Xame  and  discuss  fully  three  ways  in  which  the 
formation  of  scale  in  li»ile»  is  detrimental  to  the  eco- 
nomical operation  of  if^eam  plant. 

2.  A  certain  boiler  evaporates  3000  lb.  of  water  per  hr. 
at  atmospheric  pressure  from  a  feed-water  temperature 
of  160  deg.  F.,  burning  500  lb.  of  coal  in  the  I'uruace. 
If  the  coal  is  80  per  cent,  combustible,  what  is  the  equiv- 
alent evaporation  from  and  at  212  deg,  per  pound  of 
combustible  ? 

3.  In  example  (2)  above,  (a)  what  was  the  boiler 
horsepower  developed,  and  (b)  if  the  coal  used  contained 
12,100  B.t.u.,  what  was  the  combined  efBciency  of  boiler 
and  furnace? 

4.  The  shell  of  a  tubular  boiler  60  in.  in  diameter  by 
16  ft.  long  is  t\  in.  thick;  efficiency  of  joint,  81  ])er 
cent.;  tensile  strength  of  steel,  60,000  lb.  per  sq.in.  As- 
sxmie  what  you  would  consider  the  proper  factor  of  safety 
and  calculate  the  safe  working  pressure  on  this  boiler 
and  the  proper  size  of  lever  safety  valve  for  use  at  the 
calculated  pressure. 

5.  A  simple  engine  running  180  r.p.m.  has  a  piston  10-in. 
diameter  by  12-in.  stroke;  piston  rod  11,4  in.  in  diameter; 
m.e.p.  35  lb.  per  sq.in.  If  the  mechanical  efficiency  of 
the  engine  is  90  per  cent.,  what  brake  horsepower  is  the 
engine  developing? 

6.  Define  the  meaning  of  the  terms  watt,  ampere,  volt, 
kilowatt,  ^^^lat  is  meant  by  a  ground,  on  an  electric- 
lighting  system?  What  is  the  gage  of  the  smaRest  wire 
that  can  be  used  in  an  interior  electric-lighting  system  ? 
What  is  the  maximum  load  in  watts  that  should  be  put 
on  one  electric-lighting  circuit?  How  many  horsepower 
are  equivalent  to  one  kilowatt? 


T.  (a)  What  is  the  difference  between  a  simple  and 
duplex  steam  pump,  and  name  the  relative  advantages- 
of  each?  (b)  How-  many  strokes  of  a  simple  pump  with 
piston  5-in.  diameter  by  10-in.  stroke  will  it  require  to 
fill  a  circular  tank  4  ft.  in  diameter  by  12  ft.  high,  al- 
lowing 20  per  cent,  for  slippage? 

8.  (a)  How  many  pounds  of  steam  at  atmospheric 
pressure  will  be  condensed  in  a  cast-iron  indirect  radiator 
in  heating  25,000  cu.ft.  of  air  from  15  deg.  to  120  deg. 
F.  ?  (b)  Define  "relative  humidity."'  How  is  relative 
Immidity  affected  by  increase  iu  temperature?  What  is 
meant  by  "dew  point  ?"' 

9.  A  classroom  contains  48  pupils.  How  many  cubic 
feet  of  fresh  air  should  be  delivered  to  this  room  per 
hour  to  provide  proper  ventilation?  What  is  the  max- 
imum velocity  and  maximum  temperature  at  which  air 
should  enter  the  classroom  through  registers  ?  ^\'hat 
is  the  maximum  percentage  of  COj  permissible  in  the 
atmosphere  of  a  classroom  ? 

10.  Between  what  temperature  limits  should  a  class- 
room be  kept  ?  How  long  before  opening  for  the  school 
session  should  the  classroom  temperature  be  up  to  re- 
quirements ? 

11.  Describe  fully  the  construction  of  some  type  of 
thermostat  with  which  you  are  familiar  and  which  oper- 
ates by  means  of  compressed  air,  and  describe  how  the 
thermostatic  system  in  a  school  building  automatically 
maintains  the  classroom  temperature  within  the  pre- 
scribed limits,  when  the  plenum,  single-duct  blast  system 
is  used  for  heating  and  ventilating.    Illustrate. 

Arithmetic 

1.  (a)   Multiplv  15  V„  by  63/g. 
(b)    Divide  "1OI.6688  by  2.36. 

2.  Compute  the  total  pressure  and  pounds  per  square 
inch  on  the  bottom  of  a  cylindrical  vessel  6  in.  in  diam- 
eter by  3  ft.  high  filled  with  a  liquid  which  weighs  56 
lb.  per  sq.ft. 

3.  The  specific  heat  of  cast  iron  is  0.13.  How  many 
heat  units  will  a  bar  of  cast  iron  weighing  30  lb.  give 
up  in  cooling  from  S50  deg.  to  6£)  dgfT^r? 

4.  One  cubic  foot  of  steam  at  70-lb.  pressure  weighs 
0.195  lb.  Allowing  a  steam  velocity  of  5000  ft.  per 
min.,  what  diameter  of  pipe  will  be  required  to  supply 
6500  lb.  of  steam  per  hour  at  a  gage  pressure  of  70  lb. 
per  sq.in.? 

5.  If  the  coefficient  of  friction  is  23,  how  many  horse- 
power will  be  required  to  draw  a  weight  3600  lb.  up  an 
incline  at  the  rate  of  55  ft.  per  min.,  if  the  incline  rises 
1  in.  per  ft.? 

Report 
Assume  that  you  were  in  charge  of  a  stear^-heating 
plant  consisting  of  three  tubular  boilers  such  as  are 
used  in  school  buildings,  and  it  was  f-:und  tl  >Jt  you 
were  burning  too  much  coal.  Write  a  report  explaining 
how  you  would  proceed  to  investigate  the  cause  ot  the 
excessive  coal  consumption.  Confine  your  investigation 
to  the  boiler  room.    Write  a  report  of  150  words. 

ExPERIElfCE 

What  experience  have  you  had  as  an  operating  en- 
gineer ? 

What  experience  have  you  had  in  the  following  lines? 

(a)   Plmubing.     (b)    Steam  fitting,      (c)    Electric  work. 

A.  E.  Christophersen 

Chicago,  111. 


August  25,  1914 
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Allowance    lor    Frictlonal    Resistance    of    Holier    Platefi — in 

calculating  the  resistance  of  riveted  Joints  of  boilers,  why  is 
not  the  resistance  of  friction  between  the  plates  taken  into 
consideration? 

L.  M. 
The  resistance  due  to  friction  betTveen  the  plates  may  vary 
from  0   to  a  small  percentage  of  the  shearing  strength  of  the 
rivets  and  no  allowance  can  be   made  for  such  resistance  be- 
cause of  its  uncertainty. 


Vent  and  Waste  Trap  on  Open  Heater — What  is  the  pur- 
pose of  a  vent  or  vapor  pipe,  and  also  of  an  S-trap,  on  an 
open  heater? 

F.  B. 

A  vent  pipe  connecting  with  the  atmosphere  is  used  to  pre- 
vent the  steam  space  from  becoming  air  bound  and  also  to 
prevent  formation  of  a  vacuum,  which  would  endanger  the 
shell  of  the  heater  to  the  collapsing  pressure  of  the  atmos- 
phere. A  running  or  "S"  form  of  waste  trap  is  used  on  the 
overflow  to  prevent  steam  from  escaping  to  the  sewer  or  other 
point  of  discharge  of  the   overflow. 


Siphonagre  Betireen  Connected  Boilers — When  two  boilerc 
having  their  ■water  lines  at  different  levels  are  connected  into 
the  same  steam  line,  is  there  any  tendency  for  water  to  be 
siphoned  over  from  one  boiler  to  the  other? 

A.    F.   L. 

With  ordinary  boiler  connections  there  would  be  no  siphon- 
age  of  water  from  one  boiler  to  the  other,  but  if  the  feed  con- 
nections of  the  boilers  are  connected  together  and  the  check 
valve  of  the  boiler  of  higher  water  level  leaks,  then  water 
would  back  up  from  the  boiler  of  higher  water  level  to  that 
of  lower  water  level. 


RenenriDK  Firebriclt  Lining — In  putting  an  entirely  new 
lining  of  firebrick  under  a  horizontal-tubular  boiler  which  is 
supported  by  brackets  resting  on  the  side  walls,  is  it  advis- 
able to  rebuild  the  side  walls? 

W.   N.   J. 

The  necessity  for  renewing  the  side  walls  would  depend 
upon  their  condition  and  the  manner  in  which  they  have  been 
incorporated  with  the  lining.  Ordinarily  side  walls  are  built 
to  support  the  boiler  independently  of  the  firebrick  lining 
and  the  lining  may  be  renewed  without  Impairing  the  safety 
of  the  side  walls. 

Superiority  ot  Flanged  Over  Screwed  Flttiniss — In  steam 
mains  what  are  the  advantages  of  flanged  elbows  and  tees 
over  screwed  fittings? 

C.  J. 

Besides  the  greater  facility  with  which  flanged  Joints  may 
be  made  up  or  detached  the  fittings  are  not  subjected  to  the 
bursting  strain  of  making  up  tapered  screw  Joints,  which  in 
screwed  fittings  are  likely  to  be  act  up  so  hard  as  to  leave 
little  or  no  strength  to  resist  a  bursting  pressure  or  to  resist 
such  stresses  of  leverage  as  are  exerted  on  the  fitting  by  ex- 
pansion and  contraction  of  different  parts  of  the  line. 


Formnla  for  V-Notcli  Weir — When  the  head  is  measured 
In  inches,  what  Is  the  formula  for  flow  of  water  In  cubic  feet 
per  minute  over  a  right-angle  V-notch  weir? 

J.    K.    1'. 
The  formula  is: 

Q   =  h=   X  l/  h    X    0.305 
where 

h  =  The  head  In  Inches  measured  vertically  from  the  still 
water  above  the  weir  to  the  vertex  of  the  notch; 
and 

Q  ~  The  number  of  cubic  feet  flowing  per  minute. 


Formula  for  >VelBht  of  Flywheel — What  Is  the  formula  for 
the  weight  of  the  rims  of  flywheels  for  Corliss  engines? 

P.   W.    A. 
Where  480  ft.  per  min.  Is  the  lowest  probable  piston  speed 
the   weight   for   the    rims    of    flywheels   of   Corliss    engines    ot 
ordinary  duty  is  given  by  the  empirical  formula: 
W   —   700,000  d"  8   -;-    W  R', 


in   which 

W  =  Weight  of  rim  in  pounds; 
d  =  Diameter  of  cylinder  in  inches; 
s  =  Stroke  in  inches; 
D  =  Diameter  of  wheel  in  feet; 
R-  =  .Revxilufinns  jier _mLaute. 


Plo^v  Through  Gate  Valve — How  can  the  amount  of  con- 
densing water  which  is  being  discharged  through  a  gate  valve 
be   determined    from    the   number   of   turns   of   the    handwheel? 

C.    A.    H. 

On  account  ot  the  uncertainty  of  the  amount  of  opening 
and  variable  coefficient  of  discharge  for  different  openings, 
the  discharge  capacity  of  the  valve  should  be  calibrated  by 
tank  or  weir  measurements  for  different  positions  of  the 
valve  and  for  the  different  pressures  employed  on  each  side 
of  the  valve.  The  results  of  such  a  calibration  can  be  ar- 
ranged in  the  form  of  a  table  or  chart  by  reference  to  which 
the  discharge  taking  place  under  a  given  set  of  conditions 
could   be   readily  determined. 


Atmospheric  Pressure  at  Bottom  of  a  Shaft — -What  would 
be  the  pressure  of  the  atmosphere  at  the  bottom  of  a  shaft 
which  is  sunk  from  sea  level  to  a  depth  of  1000  ft.? 

W.  A.  D. 
The  pressure  of  the  atmosphere  increases  with  the  depth 
of  shafts  equal  to  about  1  in.  rise  in  the  barometer  for  each 
900  ft.  increase  in  depth.  Assuming  the  pressure  of  the 
atmosphere  at  the  top  of  the  shaft  to  be  14.7  lb.  per  sq.ln., 
then  as  1  In.  rise  in  the  barometer  would  be  equivalent  to  an 
increase  of  0.491  lb.  per  sq.in.,  the  pressure  at  a  depth  of 
1000   ft.   would   be 

r    1000  -| 

14.7    -f        X    0.491      =  15.246,  or  about  15 Vi  lb.  per  sq.in. 

L     900  J 


Power  Required  for  Centrifugal  Pump — What  horsc^power 
would  be  required  of  a  motor  to  drive  a  centrifugal  pump 
which  has  a  rated  capacity  of  260  gal.  of  water  per  minute 
discharging  against  a  total  head  of  120  ft.  with  an  eflJciency 
of  52  per  cent.? 

S.    B.   R. 
Taking   the   weight    of    1   gal.   of   water   as   8J    lb.    then    to 
discharge  260   gal.  per  minute  against  a  head  of  120   ft.   with, 
an  efficiency  of  52  per  cent,  would  require 
260    X    8J    X    120 

—   500,000  ft. -lb.  of  work  per  minute. 

0.52 
Hence   the   power   developed    by   the   motor   would   have   to   be 
500,000    -i-    33,000,  or  15.15  hp. 


I'ipe  Bending — How  can  pipes  be  bent  without  caving  or 
flattening  them? 

J.    G.    M. 

The  commonest  method  of  preventing  flattening  or  caving' 
from  bending  is  to  first  fill  the  pipe  with  sand  or  pulverized 
rosin  firmly  tamped  and  held  in  place  with  a  plug  at  each 
end  of  the  pipe  Caving-ln  occurs  from  too  much  concentra- 
tion of  bending  force,  hence  any  method  of  bending  should 
be  performed  by  a  succession  of  grips  taken  close  together. 
The  smaller  sizes  of  steel  and  Iron  plpo  can  be  bent  cold  to 
quite  a  small  radius  of  curvature  and  without  flrst  filling  them 
by  taking  a  sufficiently  large  number  of  short  grips  and 
using  a  cover  pipe  or  a  stiff  mandrel  within  the  pipe  to  pre- 
vent the  occurrence  of  bends  too  far  from  the  grips.  Short 
bends  of  uniform  curvature  are  made  by  passing  the  pipe 
■between  rolls  grooved  on  their  periphery  to  fit  nearly  half 
way  around  the  pipe,  employing  two  rollers  on  the  outside  and 
one  on  the  inside  of  the  curvature  of  the  bend  In  the  same 
way  that  three  rolls  are  used  for  curving  a  boiler  sheet.  An- 
other method  of  bending  largely  used  for  smaller  sizes  of 
pipe,  and  pipe  of  softer  materials.  Is  by  bending  or  "wiping" 
the  pipe  over  forms  that  will  give  the  desired  curvature. 


[rorreHpondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  Is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations  and    for   Inquiries    to    receive   attention. — EDITOR.] 
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Last  Licsson's  Axswkus 

101.  The  three  factors  that  determine  the  quantit}'  of 
heat  in  a  hody  are  (a)  the  specific  heat  of  the  body. 
(Note:  the  specific  heat  of  a  body  (>.  the  amount  of  heat 
required  to  raise  one  pound  of  the  substance  one  degree 
FaJirenheit)  ;  (h)  the  weight  of  the  1)ody  and  (c)  th'^ 
range  of  temperature  above  a  given  reference  point.  As 
r.u  example  find  the  r.motint  of  heat  in  one  hundred 
pounds  of  water  above  33  deg.  F.  if  .the  temperature  of  the 
water  is  63  deg.  F.  The  specific  heat  of  water  is  unity — 
the  weight  is  100  lb. — and  the  range  of  temperature  above 
;53  deg.  F.  is  63  —  33  =  30  deg. ;  hence  the  total  heat  in 
the  water  above  33  deg.  F.  is  1  X  100  X  30  =  3000  B.t.u. 

As  a  general  rule  the  heat  in  a  body  is  measured  with 
reference  to  the  temperature  at  which  the  body  changes 
from  a  solid  to  a  liquid,  or  a  gas. 

103.  Temperature  expresses  the  degree  or  intensitij 
of  the  heat  in  a  body  and  is  measured  by  the  rise  of  a  col- 
umn of  mercury  placed  in  a  glass  tube  of  fine  uniform 
l;ore.  On  the  Fahrenheit  scale  the  freezing  point  of  water 
is  located  at  33  deg.  and  the  boiling  point  at  313  deg. 
Between  the  freezing  and  boiling  points  there  are  180  di- 
visions (313  —  180)  on  the  scale.  Hence,  a  change  of 
one  degree  Fahrenheit  means  that  the  mercury  rises  a 
distance  equal  to  V'lso  ""f  f'le  distance  between  the  freezing 
and  the  boiling  points. 

103.  The  quantity  of  heat  required  to  change  the  tem- 
jjerature  of  one  pound  of  water  one  degree  Fahrenheit 
decreases  as  the  temperature  of  the  water  increases.  This 
IS  due  to  the  fact  that  the  density  of  the  water  decreases 
with  an  increase  of  temperature. 

104.  The  total  heat  liberated  per  hour  by  the  com])lete 
combustion  of  1000  lb.  of  the  fuel  is 

13,000  X  1000  =  13,000,000  B.t.u. 
and  the  heat  '•'^erated  per  minute 
12,000,000 


60 


=  200,000  B.t.u. 


As   one  horsepower   equals    42.3    B.t.u. 
equivalent  to  the  heat  set  free  is 
200,000 


the   horsepower 


42.3 


4738  Jip. 

The  equivalent  lunlrr-horsepower  i.s 

4738 

.,-  =  363  boiler  Up. 

Under  actual  working  conditions,  only  about  80  per 
cent,  of  the  above  figure  could  be  secured,  assuming  that 
a  water-tube  boiler  was  used,  so  that  the  probable  boiler- 
borsepo^er  would  be  about 

0.8  X  363  =  200  boiler-hp. 

105.  From  the  conditions  of  the  problem  the  heat  ab- 
sorbed by  the  water  equals  0.80  X  12,000,000  or  9, 
600,000  B.t.u.  per  hour.  To  evaporate  one  pound  of  water 
requires  1050  B.t.u.,  hence  9,600,000  B.t.u.  will  evaporate 

5=^°  =  »-"' 


Under  working  conditions,  approximately  30  lb.  of  water 

must  be  evaporated  to  produce  a  boiler-horsepower,  hence 

the  boiler-liorsepower  is 

9143 
~-=^i-nb.lrp. 


which  agrci 
lem  104. 


Very  closely  with  the  answer  given  in  prob- 


Thi;  1. Ml. iked  Plaxk 

In  Lesson  XII,  the  term  ''machine"  was  defined  and 
several  tj-pes  were  discussed.  Some  additional  forms  will 
now  be  discussed  with  relation  to  the  work  done  by  the 
machine. 

Frequently,  in  construction  work,  heavy  objects  such  as 
parts  of  machines,  etc.,  must  be  lifted  when,, with  the  ap- 
paratus available,  it  is  impracticable  to  raise  the  object  ili- 
rectly.  In  such  instancesj  the  inclined  plane  is  used.  A 
common  application  of  it  *is  in  the  loading  or  unloading 
of  heavy  machinery  from  freight  cars.  A  long  incline 
is  built  in  front  of  the  car  and  the  piece  of  machinery 
placed  upon  a  skid  which  in  turn  rests  upon  the  inclined 
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Fig.  69. 

plane.  By  the  aid  of  tiie  proper  tackle  the  part  can  i;i' 
drawn  up  to  the  car. 

In  the  following  discussion  two  general  cases  will  be 
considered : 

(1)  The  plane  perfectly  sniootJi — tluis  eliminating 
'riction. 

(3)     Tlie  plane  rougii — llius  including  friction. 

Case  I.     Smooth  Plane — Fiuctiox  Xeglected 

Let  AC ,  Fig.  69,  represent  the  given  plane.inclined  at 
an  angle  of  a  degrees  with  the  horizontal  and  assume  the ,' 
body  G  to  be  acted  upon  by  a  force  P  parallel  to  the} 
plane.     The  weight  IT'  may  be  resolved  into  two  com-  ^ 
ponents — one  parallel  to  the  plane  and  the  other  at  ri.sht 
angles  to  the  plane.     Since  in  this  case  friction  is  to  be 
neglected,  the  only  force  tending  to  oppose  the  force  i' 
.villi  he  the  component  EF  of  the  weight  TT  down  the. 
plane.  By  construction,  the  angle  EGF  =  the  angle  CA'S . 
=  the  angle  a.    The  component  EF  =  Tf  X  sin  a,  hence- 
the  force  P  must  equal  the  component  EF  or  P  =  ir  X 
<in  a. 

Let  n  —  the  height  of  the  plane,  and  L  =  the  length. 


of  the  plane.     Since  s/«  a  = 


GN      H . 

A  C  '' 


t  follows  that 
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P  =W  X  sin  a  =  -^--|-  ^  (5U) 

Example — ^¥llat  force  P  will  be  required  to  inove  looo 
Wi.  on  a  plane  which  rises  1  foot  in  10.    Here  the 

sin  «  =  2   =  iV 

iiiiil  the  force 

Z  1(1 

This  shows  that  a  force  of  100  lb.  acting  parallel  to  the 
plaue  is  capable  of  moving  1000  lb.  up  the  ]ilanc. 


Fig.  70  shows  a  case  where  the  force  P  is  horizontal  in- 
stead of  being  parallel  to  the  plane.  Here  the  only  ef- 
fective force  tending  to  move  the  body  up  the  plane  will 
be  the  component  of  the  force  P  parallel  to  the  plane.  By 
construction,  it  is  readily  seen  that  the  angle  H(fM  if 
equal  to  the  angle  CAN  =  the  angle  a.  The  component 
of  the  force  P  parallel  to  the  plane  =  GH  =  MG  cos  a 
=  P  COS  a.   The  force  acting  down  the  plane  is,  as  before 

ir    X   sin  a 
For  equilibrium  to  exi  t,  the  forces  acting  up  the  plane 
must  equal  the  forces  acting  down  the  plane  or 
/'  cos  a  =  W  sill  (I  OI-. 


P 


„.sin  a        . 

W =  II   f<(n  (I 

cos  a 


(.50) 


Let  B  =   the  length  of  the  base  of  the  plane.     Then. 

CK      H 
uco  sin  (I  =  ~j<  —  / 

.I.V       I! 

"'  '■'"  "  =  AC  =  /. 


it  follows  that 


(.U) 


A'./y;m/y//"  — What  force  /'  «ill  be  recpii iv,|  to  move  IO(»il 
III.  up  a  plane  whose  base  angle  is  5  deg.  50  niin.  ?  From 
•■•piation   (fiO) 

/'  =  \\  1,1,1  a  =  1000  tan  5  deg.  50  miii.  =  1000  X  0.10-3 
=    lO'i  lb. 


This  demonstrates  that  the  hoiizontal  force  reqitired  to 
move  the  body  up  the  plane  is  greater  than  the  force  par- 
allel to  the  plane. 

Case  II — PlaxeEoigh — Fkictiox  IxcuDKn 

When  a  body  is  on  the  point  of  moving  up  the  l)lanc, 
both  the  force  of  gravity  and  the  force  of  friction  toml 
to  oppose  the  motion,  as  both  these  forces  are  acting  down 
the  plane.  On  the  other  hand,  if  the  body  is  on  the 
point  of  moving  down  the  plane  the  force  of  gravity  v;ill 
tend  to  help  this  motion,  but  the  force  of  friction  will  act 
up  the  plane  as  friction  always  acts  opposite  to  the  direc- 
tion of  motion.  Hence  between  certain  limits  th(>  body 
v.ill  remain  at  rest  on  the  plane. 

In  Fig.  71,  let  the  force  P  act  parallel  to  and  uj) 
the  plane.  Then  the  force  of  friction  F  down  the  plane 
will  equal  the  coefficient  of  friction  /  times  the  normal 
reaction  HO  (see  lesson  XIV),  and  the  force  of  gravity  ((', 
acting  down  the  plane  is  equal  to  11'  .s)«  ft.  For  equilib- 
rium to  exist  P  =  F  ->(-  G, 

but  F  =  f  X  PO  =  /  X    11'  c's  II,       therefore, 

P  =  fW  cos  a  +   11'  sin  a  (62) 

The  force  P  required  to  put  the  body  in  motion  up  the 
plane  will  be  greater  than  that  given  by  equation  (62) 
by  an  amount  equal  to  the  force  required  to  overcome  the 
inertia  of  the  body.  AVhen  the  force  P  has  the  value  given 
in  equation  (62).  the  body  will  just  be  on  the  point  of 
starting  up  the  plane. 

^0    ^<».C 


Via.  7--'. 

In  Fig.  72,  let  the  force  /'  act  u])  the  i>lane  and  as- 
sume the  body  to  be  on  the  point  of  moving  down  the 
i;lane.  In  this  ca.se  for  equilibrium  to  exist,  the  force 
of  gravity  acting  down  the  plane  must  be  balanced  by  the 
force  of  friction  and  the  force  P  acting  up  the  plane  or 

G  =  P  +  F,  or  P  =   G  —  F 
but  F  =  f  X  ir  <os  a 

and  G  =  IT  -tin  n.  therefore, 

r  =  W  sin  a  —  f  \V  cos  a  (63 ) 

For  the  body  to  remain  at  rest  on  the  plane,  the  value 
of  the  force  P  must  lie  between  the  limits  of  W  (/  cos  a 
-(-  s'n  n)  and  U'  (s!n  a  —  /  cos  a). 

SrtDV  QiicsTioNS 

1 06.  In  F'ig.  lilt,  what  force  /'  will  be  re(|uired  to  liolil 
a  skid  carrying  a  steam  \n\m\'  at  re-^t  on  tbe  plane  .\('/ 
Neglect  the  foi-e(  .if  friction.  The  ]ilane  rises  I  in  12 
and  the  weight  of  the  skid  and  jminp  is  160(1  lb. 

107.  With  the  same  data  as  given  in  106,  find  tbe  hori- 
zontal force  P  rc(|uired  to  hold  Ihe  skid  on  (In;  plane. 

108.  If  the  eoeflieieiit  of  frietioTi  between  the  skid  and 
the  plane  is  0.18,  find  the  lea.st  force  /'  wbi<  b  will  prevent 
the  skid  from  sliding  down  the  jihuie. 

lOil.  I'ind  the  for<'e  P  parallel  to  tbe  jilane  which  will 
just  start  motion  of  the  skid  up  the  plane.  Assume  the 
same  data  as  in  the  previous  problem. 

110.  Under  what  conditions  will  it  be  necessary  for 
tbe  force  P  to  act  down  Ibe  plane  to  set  the  body  in  mo- 
tion.    See  Fig.  72. 
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On  the  tvoning  of  July  10,  a  cast-iron  boilt-r  exploded  in 
the  Langston  &  Son  machine  shop,  at  Camden.  N.  J.  It  ap- 
pears that  steam  from  this  boiler  was  used  during-  that  day 
to  test  some  brass  cylinders. 

At  the  time  the  boiler  failed  the  pressure  was  30  lb.  and 
the  pop  safety  valve  inactive.  Fortunately  the  watchman  had 
just  left  the  room,  and  no  one  was  injured,  although  the  boiler 
was  completely  wrecked  and  several  windows  and  doors 
broken.  Who  removed  the  safety  from  the  safety  valve? 
Another  call  for  inspection  and  competent  supervision  over 
boilers  of  all  classes  by  the  state. 


C§^c]I©iae    WirecMs     H®EB<dl©2'<= 


A  cyclone  damaged  the  municipal  electric-light  plant  at 
Henderson,  Ky.,  July  16.  Herewith  is  a  view  of  the 
wrecked  boiler  room  which  was  cut  in  half.  The  falling 
bricks,  steel  and  timbers  stripped  the  fronts  of  the  boilers  cf 
all  the  small  pipes,  water-gage   columns  and   steam   gages. 

The  two  400-hp.  Atlas  boilers,  on  the  right,  were  in  service 


modate  live  400-hp.  boilers.  A  great  many  wires  were  down 
all  over  town  on  account  of  trees  blowing  down  on  them,  but 
only  a  few  poles  were  broken. 

"O'e   are    indebted   to   I^    P.   Kite,   the   superintendent    of   the 
plant  for   the   above  information. 


^ 


The  ranama-Pacific  International  Exposition,  San  Fran- 
cisco, from  Sept.  20-25,  1915,  will  be  the  mejting-place  of 
the  largest  body  of  distinguished  engineers  that  ever  gath- 
ered in  any  one  place.  The  assemblage,  to  be  known  as  the 
International  Engineering  Congress,  w'.ll  be  presided  over  by 
Col.  George  W.  Goethals,  who  has  accepted  the  office  of  hon- 
orary  president. 

In  response  to  over  SO, 000  invitations,  thousands  of  civil, 
mining,  mechanical,  electrical,  marine  and  military  engineers 
and  naval  architects,  from  nearly  forty  different  nations  and 
representing  hundreds  of  affiliated  bodies,  have  declared  their 
intention  of  attending  the  congress.  The  sessions  will  be 
held    in    the    new    million-dollar   Auditorium    now    being    con- 


C'YCLONi;-Wni;cic£D  Plant  at  Hendekson,  Ky. 


at  the  time,  and  the  400-hp.  Stirling  boiler,  on  the  left,  is  a 
new  one  being  erected.  If  the  cyclone  had  occurred  30 
minutes  sooner  it  is  likely  it  would  have  caught  about  15 
men  at  work  on  the  installation  of  the  now  boiler;  they  had 
just  quit  and  left  the  boiler  room.  The  one  fireman  in  the 
boiler  room  at  the  time  had  just  stepped  in  between  the  Atlas 
boilers  to  regulate  the  feed  water  when  the  roof  came  in  on 
him,  but  he  climbed  out  uninjured  over  about  S  ft.  of  wreckage. 

The  accident  happened  about  6  p.m.,  and  as  it  continued 
to  rain  and  blow  quite  hard  for  the  rest  of  the  night  the  repair 
work  was  not  started  until  the  nc::t  morning.  The  traction 
cars  and  interurban  lines  were  in  operation  about  five  o'clock 
that  afternoon  and  the  city  service  in  the  busi.ncss  part  was 
put  on  at  7  p.m.  next  day,  being  out  about  25  hours. 

The  new  225xll-ft.  brick  chimney,  just  recently  built, 
escaped  injury.  The  boiler  room  will  be  rebuilt  with  a  steel- 
frame  construction  and  enlarged  to  a  sufficient  size  to  accom- 


structed  in  the  civic  center  of  San  Francisco,  the  main  hall 
of  which  has  a  seating  capacity  of  ten  thousand.  Section 
meetings  will  be  held  in  the  eleven  minor  halls  in  the  great 
convention    building. 

The  International  Engineering  Congress  is  to  be  conducted 
under  the  auspices  of  five  national  associations,  viz.,  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  the  American  Society  of  Mechanical  En- 
gineers, the  American  Institute  of  Electrical  Engineers,  and 
the  Society  of  Naval  Architects  and  Marine  Engineers,  as- 
sisted by  a  committee  of  eighteen  distinguished  California 
engineers. 

The  vast  scope  of  the  congress  is  indicated  by  the  fact 
that  it  will  be  divided  into  eleven  groups  of  sub-congresses, 
the  reports  of  which  it  is  calculated  will  fill  eleven  large 
volumes.  Chief  among  these  branches  will  be  that  dealing 
exhaustively   with   the    problem    worked    out   in    the    construe- 


August  25,  1914 


POWER 


?Rr 


tion  of  the  big  Isthmian  ditch,  and  the  influence  of  the  canal 
on  world  commerce,  commercial  trade  routes  and  general 
transportation  problems.  Colonel  Goethals  will  have  charge 
of  the  presentation  of  all  canal  topics,  and  his  papers  and 
discussion  will  carrj'  with  them  the  authority  and  value  of 
official  reports.  Aside  from  general  engineering  topics,  the 
section  devoted  to  the  canal  will  be  treated  under  22  heads, 
as  follows: 

(1)  Col.  Goethals'  general  report;  (2)  Dry  excavation  of 
the  Panama  Canal,  by  Col.  Goethals;  (3)  Dredging  the  canal 
(4)  Terminal  works,  drj'  docks  and  wharves  of  the  canal; 
15)  Meteorology  and  hydrology  of  the  zone;  (S)  Designs  of 
locks,  dams  and  regulating  works;  (9)  Methods  of  construc- 
tion of  same  on  the  Atlantic  side;  (10)  Same  on  the  Pacific 
side;  (11)  Designs  of  locks,  walls  and  valves;  (12)  Spillways; 
(13)  Gates  of  the  canal;  (14)  Electrical  and  mechanical  in- 
stallation; (15)  Emergency  dams  above  locks;  (16)  Municipal 
engineering  and  domestic  water  supply  in  the  zone;  (17)  Re- 
construction of  the  Panama  Railroad;  (18)  Aids  to  navigation 
of  the  canal;  (19)  Geology  of  the  canal  zone;  (20)  The  work- 
ing force  of  the  canal;  (21)  Sanitation  in  the  zone;  (22)  Pur- 
chase of  supplies  for  the  canr.l. 

Following  Colonel  Goethals'  personal  reports,  each  of  these 
topics  will  be  treated  by  the  heads  of  departments  or  other 
attaches  who  were  responsible  for  that  part  of  the  canal  con- 
struction. These  addresses  and  papers  "n'ill  constitute  prac- 
tically the  official  technical  record  of  the  most  gigantic  and 
fascinating  engineering  feat  of  all  time.  It  will  be  published, 
forming  the  only  printed  record  of  its  kind,  and  for  this  cora- 
pjiation,  interesting  to  the  layman  no  less  than  to  engineers, 
credit  is  due  to  the  exposition  congress.  Programs  for  the 
other  ten  sections  of  the  congress  are  in  course  of  prepara- 
tion. 

Subscriptions  are  being  received  daily  by  the  local  organi- 
zations which  will  act  as  hosts  for  this  great  body,  a  large 
proportion  of  these  being  from  foreign  bodies  and  foreign 
engineers.  The  most  noted  experts  of  the  world  in  all  de- 
partments of  engineering  work  have  availed  themselves  of 
this  opportunity  not  only  to  visit  the  exposition,  but  to  pass 
through  the  canal  en  route. 


A  high  wind  blew  down  the  150-ton  gantry  crane  at  the 
Marion  power  station  of  the  Public  Service  Electric  Co.  of 
New  Jersey,  on  July  23.  The  crane,  which  was  parallel  with 
the  station,  was  blown  along  its  track  for  a  distance  of  about 
300  ft.,  falling  over  on  a  yard  locomotive.  Eight  wheels  on 
one  side  were  locked  by  brakes.  T\'hen  the  storm  broke, 
the  crane  was  standing  at  the  western  end  of  the  track  on  a 
coal  dock  on  the  Hackensack  River.  The  wind  started  the 
crane,  whicli  acquired  a  high  rate  of  speed  along  the  level 
track,  falling  at  the  opposite  end  of  the  track.  The  tracks 
upon  which  the  locomotive  was  standing  were  pushed  about 
2  ft.  into  the  ground. 

The  crane  had  been  In  service  10  years.  It  handled  coal 
from  barges  to  storage  piles  and  from  the  piles  to  the  hop- 
pers  in   the   buildings. 

The    wreck    of   the    crane    is    shown    in    the    ac  ompunyiiig 


views.  The  span  of  the  crane  was  150  ft.  2^4  in.,  the  height 
43  ft.  1  in.  to  the  upper  chord,  and  the  wheel  base  27  ft.  long. 
The  principal  operating  features  of  the  crane  are  shown  in 
Fig.    1    of   the    tower   nearer   the   station. 

The  cross  structure  of  the  crane  carries  a  belt,  which 
can  be  supplied  with  coal  from  the  belt  conveyor  running 
parallel  with  the  station.  The  coal  is  conveyed  on  the  crane 
belt  to  .about  the  center  where  it  is  tipped,  falling  to  storage 
piles.  When  it  is  desired  to  return  the  coal  from  the  piles 
to  the  station,  the  clam-shell  bucket  places  the  coal  in  the 
hopper  over  which  it  is  suspended  (Fig.  1).  After  being 
crushed  it  is  carried  up  to  the  belt  on  the  stationary  structure. 


Fig.  1.  OxE  End  oi''  Cr.\ne  m:FORE  Accidext 


running  parallel  to  the  travel  of  the  crane.  The  track 
on  which  the  crane  travels  is  300  ft.  long  and  is  not  pro- 
vided  with   bumpers  at  the   end. 

The  high  wind  carried  the  crane  from  one  end  of  its 
track  to  the  other,  and  when  the  crane  reached  the 
end  of  the  track!  the  forward  trucks  went  off  to  the 
ground,  a  distance  of  about  8  ft.,  where  they  sank.  The 
crane,    of    cour.so.    fell    over    in    the    direction    of    its    motion. 


Fio.  2.  lii;Ni:ii.VL  Viv.w  ov  Ovi:htcrx!;d  Crane 
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Flu.  ;>.  (Left)   Position  of  Yard  Locomotive 

(The  structural   excellence  of  a  locomotive   boiler  is 


BENEATH    WitECK.      (RHJHII     I 'hi  All. >    ciE    1  )l-.UAlL-ME.M' 
exhibited  in  a  remarkable  manner  in  the  left-hand  view.) 


not  only  "n-recking:  itself  but  also  a  yard  locomotive.  T^.e 
position  of  the  crane  after  its  fall  is  shown  in  Fig.  2.  Fig.  2 
shows  the  wreckage  of  the  crane  and  the  locomotive.  The 
small  views  at  the  right  of  Fig.  3  shOTV  the  manner  in 
Avhich  the  forward  wheels  sank  into  the  ground  after  de- 
railment. The  bearing  cap  of"  one  is  shown  to  be  broken, 
leaving  the  wheel  nearly  buried. 

The  crane  is  damaged  beyond  repair  and  it  is  expected 
that  a  new  one  will  be  erected  in  its  place.  The  damage 
is  estimated  at  $50,000.  The  crane  was  furnished  ten  years 
ago  by  the  Robins  Conveying  Belt  Co.,  New  York  City.  It 
"was  braked  by  a  locking  device  on  a  reduction  shaft  from 
the  driving  motor.  It  is  claimed  by  the  electric  company  th.at 
all  driving  wheels  were  locked  in  this  manner  at  the  time 
of   the   accident. — Engineering   News. 
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The  Champion  Fibre  Co.,  Canton,  N.  C,  recently  placed 
an  order  with  Tarnall-^Varing  Co.,  Philadelphia,  Penn.,  for 
20  Simplex  Blow-Off  Valves,  as  a  result  of  a  trial  of  two 
valves  since   last  October. 

John  Simmons  Co.,  110  Centre  St.,  New  York,  has  t^.ken 
over  the  manufacturing  and  selling  rijhts  of  the  Klein 
Boiler  Circulator  "Kcbec"  and  has  established  a  new  depart- 
inent,   under  the   direction   of  Paul   M.  Klein. 

The  Graton  &  Knight  Mfg.  Co.,  Worcester,  Mass.,  has 
recently  opened  a  branch  ofnce  at  301  Magazine  St.,  New 
Orleans,  La.,  whore  it  "will  carry  a  complete  line  of  leather 
belting,  lace  leather,  belt  dressing  and  cement. 

Every  engineer  who  registered  at  the  booth  of  the  En- 
gineers' Appliance  Co.,  of  Cleveland,  Ohio,  at  the  recent 
craftsmen's  convention,  should  write  direct  to  the  company 
for  one  of  their  new  catalogs.  In  some  way  the  register 
was  lost,  and  for  that  reason  the  company  has  been  unable 
to  send  the  books  as  agreed. 

The  l!il5  Friction  Clutch  Catalog  of  the  Moore  &  "White 
■Co.,  Philadelphia,  Penn.,  will  be  ready  for  distribution  on 
Sept.  1.  The  new  book  is  an  instructive  as  w-ell  as  inter- 
esting treatise  on  friction  clutches,  and  should  be  in  the 
hands  of  everyone  interested  in  the  subject.  A  copy  will 
be  sent  on  request. 

The  Whitlock  Coil  Pip»  Co.,  Hartford,  Conn.,  has  opened 
an  ofBce  in  Chicago,  under  the  managemect  of  Richard  S. 
Bull,  at  431  South  Dearborn  St.  The  ChicSgo  office  will 
handle  the  company's  full  line  of  feed-water  heaters,  hot 
water-storage  and  service  heaters,  high-pressure  pipe  bends, 
flanged   joints,   etc.,   for   Chicago   and   surrounding   territory. 

A  most  interestine  bulletin  has  just  been  issued  bv  the 
National  Tube  Co.,  Frick  Building,  Pittsburgh.  Pa  ,  on  the 
"Relative  Corrosion  of  Iron  and  Steel  as  Found  in  Service." 
It  contains  an  article  by  "William  H.  Walker,  Ph.D.,  on  this 
."ubject,  and  also  contains  three  other  valuable  articles  on 
the  subject  of  corrosion,  naifeelv,  "Plain  Facts  ■  Atout-  'Na- 
tional' Pipe  for  the  Plumber  and  Steamfitter,"  "Relative 
Merits  of  Wrought-Iron  and  Steel  Pipe,"  and  "Further  Dis- 
■"■ussion  of  the  Relative  Merits  of  "U'roght-Iron  and  Steel 
Pipe,"  by  F.  N.  Speller,  metallurgical  engineer.  National  Tube 
Co.  The  bulletin  is  called  Bulletin  IOC.  It  is  sent  on  re- 
quest. 


ATLANTIC     C0.4.ST     STATES 

The  Central  Gas  &  Electric  Co.,  Geneva,  N.  Y.,  will  issue 
$83,500  in  bonds,  the  proceeds  to  be  used  for  the  improve- 
ment and  extension  of  the  electric-light  department.  A.  V. 
Wain"wright  is   Gen.   Mgr. 

Bids  will  be  received  until  Aug.  26,  by  the  Board  of  Free- 
holders. Newark,  N.  J.,  for  the  installation  of  a  300-hp.  water- 
tube  boiler  an  dauxiliary  apparatus  for  the  Overbrook  Hos- 
pital.     Runyon    &   Carey,    Newark,    are   the    Consult.    Engrs. 

The  City  Council,  Cumberland,  Md.,  contemplates  pur- 
chasing a  300-kw.  generator  for  the  municipal  electric-light 
plant.     Joseph   S.   Scriver  is  Water  and   Light  Comr. 

SOLTHERX    ST.*TES 

Press  reports  state  that  the  Southern  Power  Co.,  Char- 
lotte, N.  C,  contemplates  establishing  a  steam-turbine  plant 
to  cost   about   $1,000,000.      C.   I.   Burkholder,   Charlotte,   is  Mgr. 

The  citizens  of  Bay  Minette,  Ala.,  have  voted  $5000  in 
bonds  for  the  construction  of  a  municipal  electric-light  plant. 
Edgar   B.    Kay,   Tuscaloosa,    is   Consult.    Engr. 

The  Citv  of  KndiScville,  Tenn.,  contemplates  installing  two 
350-hp.  water-tube  boilers  and  two  10,noO,000-gal.  vertical 
triple-expansion  engines.  Dabney  H.  Maury  is  Hydraulic 
Engr. 

CENTR.4L.    STATES 

The  Board  of  Bond  Trustees  of  the  Bowling  Green  State 
Normal  College,  Bowling  Green,  Ohio,  has  approved  plans 
prepared  for  the  construction  of  a  power  plant  for  the  col- 
lege. 

Charles  Brossman,  Union  Trust  Bldg.,  Indianapolis,  Ind., 
has  been  commissioned  by  the  City  Council  of  Huntington, 
Ind.,  to  prepare  plans  and  supervise  the  reconstruction  of 
the  municipal  electric-light  plant,  for  "w^hich  bonds  have  been 
voted. 

The  Indiana  Steel  &  "Wire  Co.,  Muncie,  Ind.,  will  install 
another  boiler  unit  in  its  plant.  The  unit  will  be  either 
two  250-hp.,  two  300-hp.,  one  500-hp.  or  one  600-hp.  single- 
unit    water-tube   boiler. 

According  to  press  reports,  bids  will  soon  be^  received  by 
the  City  Council,  Elmwood,  111.,  for  the  construction  of  a 
municipal  electric-light  plant. 

The  Superior  Water,  Light  &  Power  Co.,  Superior,  Wi.^., 
will  issue  $250,000  in  stock.  Imnro-ements  and  addition  to 
the  plant  will   he  made.     ^'.   H.   "Winslow  is  Gen.  Mgr. 

WEST    OF    THE    MISSISSIPPI 

Plans  are  being  prepared  for  the  installation  of  a  muni- 
cinal  electric-light  plant  at  Sergeant  Bluff,  Iowa.  The  esti- 
mated  cost   is   $10,000. 

Bids  will  be  received  about  Sept.  15  for  the  construction 
of  a  municipal  eloctric-light  plant  at  Adams,  Neb.  The  equip- 
ment will  include -tw.o.  generators,  a  two-panel  switchboard, 
six  transformers,  etc.  Johnson  &  Johnson,  Falls  City,  Neb., 
are  the  Engrs-in-Charge. 

The  Havre  Electric  Co.,  Havre,  Mont.,  contemplates  mak- 
ing improvements  to  its  plant  to  cost  $50,000.  F.  W.  Mc- 
Carthy is  Mgr. 
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SYNOPSIS — The  Commerce  St.  station,  Milwaukee's 
largest  power  station,  has  a  generating  capacity  of  61,900 
kw.  and  17,000  hp.  in  boilers.  Large  low-pressure  ttir- 
bines  take  steam  from  cross-compound  vertical  engines; 
special  governors  control  the  supply.  The  coal-  and 
ash-handling  facilities  are  interesting.  Individual  steel 
stacks  for  each  battery  of  two  boilers  are  provided.  Con- 
tinuous smoke  records  are  kept  and  a  bonus  system, 
which  has  resulted  in  efficient  operation,  is  in  force  in 
the  boiler  room. 

■^. 
The  Commerce  St.  station  of  the  Milwaukee  Electric 
By.  &  Light  Co.  is  on  the  west  bank  of  the  Milwaukee 
Eiver,  a  short  distance  north  of  the  central  business  dis- 


this  time  driving  2000-kw.,  600-volt  railwa.y  generators, 
and  eight  708-hp.  boilers  were  installed.  A  short  time 
later  two  1000-kw.,  vertical-impulse  turbines  were  added 
to  provide  for  the  GO-cycle  demand  formerly  met  by  tlie 
other  stations.  The  final  period  of  construction  was  in 
1911  and  1912,  which  more  than  doul)led  tlie  old  capacity 
and  left  the  station  in  practically  its  present  condition. 
At  this  time  all  of  the  barometric  condensers  but  one  and 
the  two  1000-kw.  vertical  turbines  were  removed.  Two 
1-1,000-kw.,  high-pressure,  60-cycle,  vertical  turbo-gen- 
erators. Fig.  1,  and  two  7.500-kw.,  low-pressure,  2o-cycle 
turbo-generators,  Fig.  2,  were  installed,  together  with 
eight  765-h23.  boilers  and  auxiliaries.  Since  that  time 
a  4500-kw.  turbine  has  been  added  to  the  60-cycle  sj'stem 


Fig.  1    14,000-K:w.,  High-Peessuee  Turbines  in  Xoeth  Exd  of  Station 


trict  of  the  cif\'.  It  is  the  main  generating  station  for 
this  company  and  its  subsidiaries,  and  is  of  61,900-kw. 
capacity,  6000  km-,  being  in  25-cycle  engine-driven  units, 
8000  kw.  in  600-volt,  direct-current,  engine-driven  gen- 
erators; 1.5,000  kw.  in  25-cycle  turbo-generators,  32,.')00 
in  60-cycle  turl)o-generators,  and  the  remaining  400  kw. 
is  an  engine-driven  unit  furnishing  250-volt  direct  cur- 
rent for  station  use.  The  construction  of  the  present 
plant  may  be  divided  into  three  main  periods,  although 
various  pieces  of  apparatus  have  been  added  at  different 
times  when  needed. 

The  first  installation  was  four  1500-kw.,  engine-driven, 
25-cycle  alternators  and  eight  650-hp.  boilers,  placed  in 
use  early  in  1903.     Two  years  later  four  more  engines, 


and  a  400-kw.  engine  has  been  transferred  from  one  of 
the  other  stations  to  provide  250-volt  direct  current  for 
station  use.  Twenty-five-cycle  power  is  also  received 
over  a  120-mile  transmission  line  from  the  hydro-electric 
station  of  the  Southern  Wisconsin  Power  Co.,  on  the 
Wisconsin  Eiver  at  Kilbourn. 

Ekgixe  Eooii 

Fig.  3  is  a  view  over  the  tops  of  the  engines  and  shows 
the  large  exhaust  pipe  with  the  two  atmospheric  reliefs. 
The  section  of  pipe  between  the  last  engine  and  the  large 
receiver  separator  is  66  in.  in  diameter,  and  is  fitted  with 
a  motor-operated  valve  of  the  same  size.  Seven  engines 
exhaust  into  this  header.     Part  of  the  barometric  con-> 
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denser  for  engine  Xo.  1  can  lie  seen  at  the  extreme  end. 
This  engine  drives  a  1500-kw.,  2.5-cycle  alternator,  and 
is  used  when  the  load  is  too  light  to  j^istify  the  operation 
of  both  an  engine  and  a  low-pressure  turbine,  as  is  the 
case  in  the  early  morning  hours,  when  the  3o-cycle  load 
is  generally  carried  by  the  transmission  line.  Besides 
the  connections  from  the  seven  engines,  the  auxiliary 
exhaust  header  leads  into  the  main  line,  so  that  all  of 
the  steam  not  utilized  in  the  feed-water  heaters  can  be 
used  in  the  turbines.  Fig.  4  is  a  plan  view  of  the  entire 
station,  showing  the  layout  of  all  tlie  engines,  turbines, 
boilers  and  auxiliaries.  Fig.  5  is  a  cross-section  of  the 
north  end  of  the  plant. 

The  low-pressure  turbines,  Fig.  2,  are  of  the  4-stage, 
vertical-impulse  type,  and  drive  3.5-cycle,  (JOOO-volt  gen- 


machines  and  duplicates  of  each  are  mounted  on  the 
switchboard.  The  instruments  at  the  top  of  the  board 
consist  of  a  speed  indicator  and  wattmeter  and  gages 
showing  the  steam  pressure,  vacuum  and  step-bearing 
oil  pressure.  These,  together  witli  a  synchroscope 
mounted  nearby,  afford  the  engineer  all  the  necessary- 
information  for  starting  and  synchronizing  the  machine. 
For  communication  between  the  engineer  and  the  switch- 
board operator,  an  electric  signaling  device  is  used.  On 
the  board  are  six  illuminated  signals:  "On,"  "Off," 
"Hold,"'  "Increase,"'  "Decrease"  and  "Off  Quick." 
Duplicates  of  these  are  on  the  switchboard,  and  by  their 
use  all  necessary  communication  can  be  quickly  obtained. 
The  combination  of  three  engines  driving  25-cycle 
alternators  and  four  driving  GOO-volt  railwav  generators 


Fig.  2.    Low-T'i;EssL"itii  Tcijbixk  with  Rixiavi. 
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orators,  compensators  being  used  to  steji  up  to  1.1.200 
Volts,  the  standard  voltage  at  which  this  current  is 
transmitted.  The  two  14,000-kw.  macliines,  Fig.  1,  are 
C-stage,  liigh-prcssurc  vcrlical  units  of  tlie  same  type, 
and  together  with  the  -loOO-kw.  turbine  sliown  in  Fig.  (5. 
which  is  a  liorizontal  reaction  machine,  generate  60-cvcle 
power  at  4000  volts,  the  standard  voltag(^  for  ])riniary 
distribution  in  the  city.  Tlie  4'iOO-kw.  unit  was  installed 
to  cai'ry  llie  load  during  the  early  nu)rning  hours  and 
on  holidays,  and  is  also  used  fo  help  out  the  large  tur- 
bines at  times  of  peak  demand. 

'J'CKBrMC    ('OXTIJOL    "RoAIiPS    AND    SpiCriAT,    OoVEnXOR.S 

Fig.  7  shows  the  control  board  on  one  nf  the  low-pres- 
sure turbines;  similar  boanls  are  set  upon   the  other 


exhausting  into  2->cycle  low-pressure  turl)o-generators  at 
first  gave  trouble  in  kee))ing  (he  exhaust  ])ivssui'e  con- 
stant. As  the  load  on  the  engines  would  increase,  the 
turbine  would  tend  to  speed  up,  but  the  speed  goveiMior 
on  the  latter  unit  would  partly  close  the  butterfly  valve 
in  the  steam  intake.  The  exhaust  pi-essure  would  con- 
sef|uently  rise  until  the  relief  valve  opened  and  allowed 
some  steam  to  exhaust  fo  the  afniosjthere.  On  account 
of  the  constant  fluctuations  of  load  on  the  railway  en- 
gines and  the  variations  being  different  fi'oni  fhose  on 
the  2.")-cycle  system,  this  condition  would  occur  fre- 
f|uently.  To  prevent  it,  an  additional  governor  was  de- 
signed and  ]mt  on  each  of  the  two  turbines.  A  steam 
piston  within  a  cylinder  and  ojierated  by  the  rise  and 
fall  of  the  exhaust  pressure  was  arranged  to  work  a  set 
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of  valves  which  controlled  by  compressed  air  four  of  the 
nozzle  valves  on  the  turbine,  the  other  four  valves  being 
operated  by  hand  as  before. 

The  arrangement  is  shown  quite  clearly  in  Fig.  7.  the 
governing  mechanism  being  on  the  left  and  the  hand- 
operated  valves  on  the  right.  If  the  load  on  the  engines 
increases,  raising  the  exhaust  pressure,  the  cylinder 
moves  the  rack-and-pinion  combination,  so  placing  the 
air  valves  that  the  nozzle  valves  are  opened,  admitting 
more  steam  to  the  turbine  and  lowering  the  pressure. 
The  speed  governor  is  set  one  cycle  high,  so  as  not  to 
interfere  with  the  operation  of  the  other  governor.  This 
svstem  has  proved  successful,  and  the  exhaust  pressure 


tapping  the  river  directly  north  of  the  station.  A  re- 
volving, motor-driven  screen  just  inside  the  station  re- 
moves all  the  solid  particles  not  taken  care  of  by  the 
wide-mesh  screen  at  the  mouth  of  the  tunnel.  The  sur- 
face condensers  are  of  the  base  type,  with  25,000  sq.ft. 
of  cooling  surface,  and  the  four  sets  of  equipment  are 
identical.  A  36-in.  centrifugal  pump  driven  by  a  Cor- 
liss engine  supplies  the  cooling  water,  and  a  31x24-in. 
air  pump,  in  tandem  with  the  engine  cylinder,  takes  care 
of  the  air  collecting  in  the  condenser.  The  condensed 
steam  is  removed  by  a  5-in.,  two-stage  centrifugal  pump, 
which  elevates  the  water  into  large  storage  tanks.  Each 
pump  is  driven  by  a  24-hp.  horizontal  steam  turbine  or 


Fig.  3.    View  of  Exhaust  Header  prom  Engines  to  L.  P.  Turbine 


is  always  kept  close  to  the  16  lb.  per  sq.in.  that  is  needed 
for  the  best  operation  of  the  turbines. 

Taccum  Measured  by  Thermometers 

On  the  turbines  the  method  of  measuring  the  vacuum 
is  unusual.  Instead  of  the  familiar  recording  vacuum 
gage,  a  thermometer  is  used,  with  the  thermometer  ele- 
ment placed  in  the  path  of  the  steam  directly  below  the 
Vist  wheel  of  the  turbine.  The  charts  used  can  be  read 
either  in  degrees  or  in  inches  of  vacuum  corresponding 
to  that  temperature.  This  method  has  worked  out  well, 
as  it  not  only  gives  accurate  results,  but  also  shows  the 
back  pressure  without  making  corrections  for  barometric 
conditions. 

Condensing  Equipment 

From  the  plan  and  sectional  view  of  the  north  end, 
the  general  layout  of  the  condensing  apparatus  can  be 
seen.     Cooling  water  is  received  from  an  intake  tunnel 


a  2.5-hp.  induction  motor.  Usually,  the  motor  does  not 
furnish  any  power,  but  is  kept  floating  on  the  line  ready 
to  pick  up  the  load  in  case  of  trouble  with  the  turbine. 
Two  4000-sq.ft.  surface  condensers,  two  14-in.  centri- 
fugal, motor-driven  circulating  pumps,  two  vertical  en- 
gine-driven air  pumps,  and  one  3-in.,  two-stage  motor- 
and-turbine-driven  hotwell  pump  comprise  the  con- 
densing equipment  for  the  4500-kw.  turbine.  The  rea- 
son for  this  unusual  arrangement  of  two  condensers  on 
one  turbine  was  due  to  the  dismantling  of  the  two  1000- 
kw.  turbines.  The  condensers  and  pumps  were  still  in 
good  condition  and  were  made  use  of  in  this  way.  The 
barometric  condenser  on  engine  Xo.  1,  which  can  be 
seen  in  the  general  layout,  is  fitted  with  a  10-in.  motor- 
driven  centrifugal  jjump  and  an  engine-driven  air  pump. 

Exciters  * 

Four  75-kw.,  123-volt  exciters  furnish  the  direct  cui> 
rent  for  excitation  in  the  station,  tliree  being  near  the 
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large  turbines  aud  one  beside  the  engine-driven  alterna- 
tors. All  connect  to  the  same  busbar  and  are  driven  bj' 
horizontal  turbines,  operating  noneondensing.  In  addi- 
tion, a  storage  battery  is  kept  on  the  bus  at  all  times  for 
reserve.  Direct  current  can  also  be  obtained  from  a 
downtown  station  or  from  the  400-k\v.  engine-driven 
set,  so  that  the  danger  of  any  interruption  to  excitation 
is  remote. 

Boiler  Uoom 

Installed  in  the  boiler  room  are  2-t  water-tube  boilers, 
eight  being  of  050-hp.  each,  eight  of  708-hp.  each,  and 
the  remaining  eight  of  765-hp.  each.  The  total  capacity 
of  16,984  hp.  gives  3.()4  kw.  installed  capacity 
for  each  rated  boiler  horsepower  installed,  although 
in  operation  the  ratio  is  about  114  to  1,  installed  ca- 
pacity.     As   indicated    in    Fig.    8,   each   battery   of   two 


the  steam  from  the  large  boilers  is  used  in  the  high- 
pressure  turbines,  high  superheat  is  desirable,  but  the 
lower  superheat  from  the  other  l)oilers  is  sufficient  for 
the  engines. 

Each  boiler  is  equipped  with  an  indicating  steam-flow 
meter,  motmted  where  it  may  be  seen  readily  by  the  fire- 
men, and  with  the  target  set  at  the  most  economical 
boiler  rating  as  determined  l)y  tests.  An  illuminated 
differential  draft  gage  showing  the  draft  over  the  fire  is 
placed  on  the  side  of  each  Ijoiler  close  to  tlie  stack  damper 
regulator,  to  facilitate  keeping  the  furnace  draft  at  the 
correct  pressure.  An  illuminated  gage  is  also  provided 
for  the  air  pressure  in  the  wind  box  beneath  the  fire, 
and  the  air  damper  regulator  placed  close  at  hand  so  that 
the  forced  draft  can  l)e  kept  at  the  most  efficient  point. 

Besides  the  two  regular  feed  lines  to  each  boiler,  there 
is  a  connection  to  a  test  line  running  the  entire  lenEcth 
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boilers  is  equipped  with  its  own  steel  self-sup|)orting 
stack,  8  ft.  in  diameter  and  100  ft.  higli.  Sixteen  are 
fired  by  underfeed  stokers,  with  automatic  attachments; 
Reven  with  gravity  underfeed  stokers  (see  Fig.  9),  and 
one  with  a  self-cleaning  -underfeed  stoker.  The  forced 
draft  necessary  is  sup])iicd  by  fans  in  the  pump  room 
directly  below  the  boilers.  Tlie  coal  burned  is  Youghi- 
ogheny  screenings  and  is  stored  in  bunkers  running  the 
entire  length  of  the  station  immediately  above  the  aisle 
"iwr'cn  the  rows  of  Ixjilers,  coal  chutes  running  down 
'  :m1i  stoker. 

superheaters,  consisting  of  several  rows  of  tubes  above 

the  dnims,  are  on  all  the  boilers  and  raise  the  tempcr- 

ntnrf  of   fbe   steam   about   40   deg.     Eight   boilers,   the 

tip.  units,  are  (■(|ui])ped  with  additional  superheaters, 

h  raise  the  superheat  to  about  ].")0  deg.     As  most  of 


ol  the  boiler  rooui,  making  it  possible  to  isolate  any 
boiler  or  l)oiler3  for  testing  ])urposeJ..  Feed-water  regu- 
lators are  placed  on  the  feed  lines  to  each  boiler,  and  an 
injector  for  emergency  use  is  also  installed  for  each  unit. 
The  boiler-room  piping  is  so  arranged  that  the  l)oilerif 
can  either  furnish  steam  to  the  engines  or  turbines  or 
into  the  su])header.  whirh  is  the  stretch  of  10-  and  12-in. 
piping  running  the  entire  length  of  the  plant.  All  sub- 
header iiipiiig  is  of  steel,  with  cast  or  ferrosteel  fittings, 
as  is  also  tlie  ]iij)ing  in  thi-  north  end  and  to  the  turbines. 
-V  o-in.  auxiliary  steam  header  runs  through  the  pumj) 
room,  supplying  steam  for  the  feed  pumps  and  turbines 
there.  Steam  for  the  turbine  auxiliaries  is  taken  di- 
rectly from  the  turbine  headers.  The  4.")00-kw.  turbine 
and  the  4(iO-kw.  engine  and  iiiixilinries.  together  with  the 
low-])ressure  turliine  auxiliaries,  are   fed   from   a  steam 
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line  in  the  form  of  a  loo)),  tying  into  the  oubheader  in 
two  places.  All  boiler,  subheader  and  header  tie  valves 
are  motor  driven,  the  control  cabinets  being  ou  the  en- 
gine-room side  of  the  division  wall. 

Smoke  Inspectiox 
On  the  edge  of  the  roof  and  affording  a  full  view  of 
the  tops  of  ail  tJie  stacks,  is  the  smoke  observer's  shanty. 
A  system  of  electric  signaling  devices  connects  the  shanty 
witii  the  l)oiler  room,  so  that  when  the  observer  notices 
a  stack  smoking,  he  turns  on  a  switch,  causing  a  bell  to 
ring  and  a  light  to  burn  down  in  the  boiler  room  near 
the  battery  making  tlie  smoke.  The  firemen  can  readily 
tell  what  boiler  or  boilers  are  producing  smoke,  and  to 
let  the  smoke  observer  know  his  signal  has  been  iiuder- 


liorizontal  tyi^e,  four  in  the  south  end  of  the  station  and 
two  in  the  new  addition.  The  supply  of  feed  water  is 
obtained  from  the  storage  tanks  fed  by  the  hot-well 
pmnps  on  the  turbines.  The  water  is  pumped  from 
these  tanks  to  the  heaters  by  a  10-in.,  motor-driven, 
centrifugal  pump  and  by  an  8-in..  double-suction  pumj) 
driven  by  a  40-hp.  turbine.  Six  pumps  deliver  the  water 
to  tlie  boilers,  four  being  IS  and  10  by  18-in.  duplex, 
outside-packed,  -pot-type  pumps,  and  two  14x26  and  8x 
24-in.  cross-compound,  engine-driven,  outside-packed, 
pot-type  pumps.  Two  of  the  smaller  pumps  are  used  for 
the  high-pressure  water  supply,  only  one  being  kept  run- 
ning continuously.  This  water  is  used  for  wetting  down 
ashes,  cleaning  l)oilcrs  and  for  all  purposes  where  higli- 
pressure  water  is  needed. 


QemratOil  .- 
Switch 


feed,  }Ycffer  Mecfers 


Fig.  .5.     Sectional  Elevation  of  the  Commerce  Street  Station 


stood,  the  bell  is  turned  off.  The  light,  however,  can  be 
turned. off  only  from  the  roof,  and  remains  lighted  until 
the  stack  stops  smoking.  In  addition  to  tending  these 
signals,  the  smoke  observer  keeps  a  record  of  the  time 
each  stack  smokes  and  the  quality,  so  that  at  the  end  of 
the  day's  run  the  superintendent  knows  Just  how  his 
station  has  performed  in  this  regard.  This  report,  along 
with  all  other  station  records,  is  sent  to  the  office  of  the 
chief  engineer  of  power  plants  each  morning  and  forms 
a  valuable  adjunct  in  cooperating  with  the  smoke-abate- 
ment work  carried  on  by  the  city. 

Pump  Boom 

The  pump  room  is  directly  beneath  the  boiler  room, 
and  in  it  are  the  feed-water  heaters,  the  feed  pumps, 
boiler  fans,  house  pumps  and  other  miscellaneous  equip- 
ment.    There  are  six   feed-water  heaters  of  the  open 


Pour  4-in.  motor-driven,  centrifugal  pumps  furnish 
the  low-pressure  water  which  is  used  in  the  cooling  jackets 
of  the  air  pumps  and  as  make-up  water  for  the  storage 
tanks.  Both  high-  and  low-pressure  pumps  take  their 
water  from  the  discharge  tunnel  for  the  circulating 
pumps,  and  there  is  a  connection  between  the  two  sys- 
tems for  emergency  in  case  of  any  failure  of  the  motor- 
driven  pumps.  High-pressure  water  can  be  fed  into  the 
low-pressure  line  through  proper  reducing  valves.  In  the 
pump  room  are  also  the  fans  for  the  boiler  forced  draft. 
Those  for  the  650-hp.  boilers  in  the  south  end  are  driven 
by  34-hp.  induction  motors,  those  for  the  708-hp.  boilers 
by  25-hp.,  600-volt,  direct-current  motors,  while  the 
76.5-hp.  Ijoilers  each  have  two  blowers  driven  by  a  60-hp., 
.5-stage  horizontal  turbine,  which  also  furnishes  tlie' 
power  for  driving  the  gravity  underfeed  stokers.  The 
testing  equipment,  described  later,  and  the  two  motor- 
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Fig.  6.    View  of  -loOO-Kw.  Turbine 


driven  and  one  steam-driven  air  compressors  are  also  in 
the  pump  room. 

Coal  axd  Ash  Handling 
Coal  is  received  by  boat  from  a  nearby  fuel  company, 


the  boat  being  fitted  with  a  belt  conveyor  and  also  sup- 
plying the  downtown  station.  Because  of  the  large 
amount  stored  at  the  company's  yards,  it  is  not  necessary 
to  keep  any  great  supply  at  the  station,  as,  in  case  of 
any  trouble  with  the  water  route,  coal  can  still  be  re- 
ceived in  wagons.  Consequently,  the  only  storage  is  in 
the  bunker  over  the  center  of  the  boiler  room  between 
the  rows  of  stacks.  This  bunker  holds  about  2000  tons, 
or  three  days'  supply. 

The  coal  from  the  boat  is  discharged  into  a  15-ton 
hopper  at  the  north  end  of  the  station,  equipped  with 
an  automatic  slide  door  and  chute,  and  is  fed  from  there 
into  an  8-ton  iron  coal  box  resting  on  a  20-tou  platform 
scale.  The  coal  is  weighed  and  hoisted  to  the  top  of  the 
building  by  the  crane  suspended  on  a  track  over  the 
bunkers.  This  permits  the  crane  operator  to  dump  the 
coal  at  any  point  along  the  bunker.  One  man  is  needed 
"II  the  crane  and  one  at  the  scale. 

There  are  one  G-  and  one  o-ton  single-track  cranes  at 
the  south  end  of  the  building,  together  with  a  20-ton 
platform  scale  and  several  coal  boxes.  These  were  used 
to  unload  the  coal  from  wagons  when  that  method  was 
e)ii]iloyed,  and  are  now  used  as  reserves. 

The  removal  of  the  ashes  from  the  hoppers  to  the  cars 
is  a  simple  process.    The  general  layout  of  the  hoppers 


Fig.  7.     Conthol  Boahd  ox  Low-l'iii.:sriiE  Turbine; 
Also  Air  Valvks  and  JIkchamsm  on  (iOveknok 
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Fig.  9.    Xorth  Exd  of  Boiler  Eoom,  Showing  Tatlor  Stokers 


is  shown  in  the  cross-sectional  view  of  the  station,  and 
it'is  clear  that  the  ash  cars  can  lie  ijlaced  heneath  each 
liopper.  At  various  points  in  the  hoj^per  there  arc  jet 
nozzles,  and  when  the  air-operated  tloors  are  ojiened,  the 
water  is  turned  on  and  the  ashes  flushed  out  into  the 
ears.  All  but  tlie  largest  clinkers  are  removed  In'  tliis 
process;  these  are  ])iilled  out  witli  an  ash  hoe.  Tracks 
run  the  entire  length  of  hoth  ash  alleys,  and  a  storage- 
battery  locomotive,  hauling  three  cars  at  a  time,  fur- 
nishes the  necessary  luoUve  power.  At  the  norlli  and 
south  ends  of  the  east  alley  are  two  conveyors  into  which 
the  ashes  can  he.  dumped.  Tliese  carry  the  ashes  out 
into  a  scow  in  the  river  wliich  is  towed  out  on  Lake 
Michigan  and  dumped. 

Testing  Equipment 

A  separate  feed  line  runs  to  each  boilci-  and  connects 
with  a  10  and  5  by  12-iu.  duplex  feed  pump  in  the 
north  end  of  the  i^unip  room.  This  pump  takes  its 
supply  from  a  large  storage  tank  sunk  below  the  base- 
ment floor  immediately  beside  it.  Above  the  tank  is 
a  2500-lb.  automatic  dumping  scale  which  weighs  all 
the  water  fed  into  the  tank.  The  arrangement  is  com- 
pact and  one  man  can  operate  the  scale  and  pimip  and 
take  all  the  necessarv  readings.     This  outfit  can  also  be 


used  for  turbine  tests,  as  the  discharge  of  any  of  the 
hot- well  pumps  can  be  changed  to  feed  into  the  tank 
tlirough  the  scale.  A-  5-in.,'  motor-driven  centrifugal 
pump  is  provided  to  empty  the .  tank  in  a  test  of  this 
nature.  The  testing' equipment  on  the  boilers  is  com- 
plete, thermometer  wells  being  placed  wherever  neces- 
sary and  piping  run  to  various  parts  of  the  setting  to 
perniit  CO,  and  ih-aft   readings  to  be  quickly  taken. 


^fea 

Fig.  10. 


Bonus  Boaru,  Boiler  Horsepower  Meter 
AND  Master  Steam  Gage 
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In  the  soutlnvest  corner  of  the  basement  is  a  aia-  from  the  waste  and  rags.  Direetlv  beneath  tlie  entrance 
chine  shoi5,  in  which  are  all  the  machines  needed  for  the  are  shower  baths  and  lockers  for  the  men.  The  super- 
work  that  constantly  arises  in  a  plant  of  this  size.  AH  intendent  and  his  assistants  have  offices  at  the  entrance 
but    the   largest   jobs  can   be    done   here,   and   with   the  to  the  building  in  the  southwest  corner,  where  all  th. 
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Equipment 
2  Turbines 


Kind 


14,000  kw Ma 


-  -  .    Vertical  Curtis 

stage 

2  Turbine;. Vertical  Curtis  four-  7500  kw M; 

stage 

1  Turbine Horizontal  parsons..  ,    4.^1H)  kw M: 


PRINCIPAL  EQUIPMENT  OF  THE  COMMERCE  ST.  STATION 
MILWAUKEE  ELECTRIC  RAILWAY  AND  LIGHT  CO. 

Use  Operating  Conditions 

units 180  lb.  steam,  720  r.p.m.,  4000  v.,  3-ph: 


e,  no- 


Maker 
eral  Electric  Co. 


4  Engines Vertical  cross-comp. . 

3  Engines Vertical  cross-comp. . 

1  Engine Vertical  cross-comp. , 

1  Engine -  -  Vertical  cross-comp. . 

4  Turbines Horizontal  Curtis. 

4  Condensers Surface 


2000  kw.,  32x1)8.148  M; 

ISOo'kw^,  28x(i6.\48  Mi 

1590  itw.,  2SxG0x48  Me 

400  it'w.','lSx38x.^0^  Station 

in power 

75  kw Exciters 

25,000  sq.ft . 


cycle Ge 

units Low  pressure,  750  r.p.m.,  6600  v.,  3-phase,  25- 

"■ycle General  Electric  Co. 

units 180  lb.  steam,  l.SOO  r.p.m.,  4000  v.,  3-pbase,  60- 

"■.vcle Allis-Chalmers  Co. 

units              180  lb.  steam,  noncondensing,  600  v.,  direct  con-  AUis  engines  Gen.  Elec    Genera 
nected tors. 

units 180  lb.   steam,   noncondensing,    13,200  v.,   3-  Allis  engines.  Gen.  Elcc.  genera- 
phase,  2o-c.vcle tors 

units 180  lb.  steam,  condensing,   13,200  v.,  3-phase,  Allis  engines.  Gen.  Elec.  genera- 


2  Condensers Surface .    4000  sq.ft 

1,  Condenser .  .    Barometric 2.^00  hp 

4  Pumps Centrifu.'ial 36-in  ,  30,000  gp 


25-cyele tors 

xiiiary  180  lb.  steam,  noncondensing,  driving  two  200  Allis  engines.  Gen    Elec    geccra- 

kw.,  125  v.,  d.c.  gen tor 

180  lb.  steam,  connected  to  125  v.,  d.c.  gen., 

■■.pm General  Electric 

14,000  and   7.500 

kw.  turbines H.  R.  Worthington 

4oOO  kw.  turbine    .  .  .  ■ F.  M.  Prescott  Steam  Pump  Co 

loOO  kw    engine H.  R.  Worthington 


2  Pumps 


Centrifugal 12-in.,  4200  g.p.i 


1  Pump Centrifugal 

4  Pumps Dry 


u  1  a  t  i  n  g  Each  driven  by  Laidlow-Dunn-Gordon  Corlisa 

pumps engine,  noncondensing H.  R.  Worthington 

I  r  c  u  1  a  t  i  n  g  Each  driven  by  30  hp.,  60-cycle,  220  v.,    ind. 

pumpsfor4.yjO       motor Lawrence  Machine  Co. 

kw.  turbine.  .  . 

10-in..  2000  g. p.m..    1500  kw.  engine     Driven  by  50  hp.  ind.  motor H.  R.  Wortnington 

31x24-in 14,000  and  7.J00  In   tandem   with   above  engines  driving  circ. 

kw.  turbines  . .        pumps Laidlow-Dunn-Gordon  Co 

10xl8xlfi-in  4.500  kw.  turbine.  Engine  driven,  vertical F.  M.  Prescott  Steam  Pump  Co 

8xl6xl2-in 1500  kw.  engine. .   Engine  driven,  vertical ...   H.  R.  W'orthington 

3-in.  two-stage,  OOU  Hotwell  pump  for  Each  driven  bv  25  hp.  ind.  motor  and  24  hp. 

g.p.m 14,000  and  7-500       Curtis  horizontal  turbine H.  R.  Worthigton 

kw.  turbines 
3-in.  two-stage,  200  Hotwell    pump  Driven  by  15  hp.  ind,  mntnr  and  11  hn    Kerr 

gp.m.     for  4500  tur.  .        turbine H.  R.  Worthington 

12x3x1 8-in Step   bearing  on 

vertical  tur...    Steam  driven H.  R.  Worthington 

4  Pumps Duplex i)x5Jxl0-in Oil    for    vertical  Blake  &   Knowles  Steam  Puniu 

_  _.    _  .  turbines Provided  with  2-in.  Elliott  strainers  Works 

7  Pump 


2  Pumps Dry  vacuui 

1  Pump Drj'  vacuun 

4  Pumps Centrifugal 


1  Pump Centrif ugr:! 

4  Pumps Duplex.... 


Duplex 3Jx2x3-in Oil  for  engines F.  M.  Prescott  Steam  Pump  Co. 


1  Pump Centrifugal ij-in.,  55  g.p 

1  Pump Centrifugal i;-in.,5 

8  Boilers W'ater-tube 6.50  hp. 

S  Boilers Water-tube 70S  hp.. 


Machine  Co. 


Boilers Water-tube. 


24  Superheaters. . .  .   Edge  Moor 

8  Superheaters. . .  .   Fo.ster 44  ele 

16  Stokers Jones  under-feed.. . . 


1  Stoker Jones  under-feed  self- 
cleaning 

7  Stokers Taylor  under-feed 


8  Fans National    

8  Fan.^ Bayley 

16  Fans A. B.C.  Sirroco.. 


Heat  feed  water.  Exhaust  steam 


24  Steam  flow  met-  G.  E.  indicating,  type   .  . 

er. F.S.-2 

2  Feed  water  heat- 
em Open 5(KH)  hp.     . 

4  Feed  water  heat- 
ers     Open 1.500  hp Heat  feed  water.    Exhaust  steam 

2  Pump.s Outside   packed,    pot   I4x2()xSx24-in 

tvpc 1000  g.p.m. .  Boiler  feed Cross  comp.  en 

4   Pumps  Duplex ISxlOxlS-in 


Discharge  of  trap 

hnes  to  storage 

tank Driven  by  10  hp.  ind   mot-.r  I. 

Cooling  water  for 

step  bearing  oil 

tanks Driven  by  5  hp-  ind.  motor I. 

Generate  steam. .    180  lb.  pressure,  40  deg.  superheat,  stoker  fired, 

forced  draft Edge  Moor  Iron  Co 

Generate  steam. .   180  lb.  pressure,  40  deg.  superheat,  stoker  fired, 

forced  draft Edge  Moor  Iron  Co, 

Generate  steam. .    ISO  lb.  pressure.  150  deg.  superheat,  stoker  fired, 

forced  draft Edge  Moor  Iron  Co. 

On   nil   boilers.    .    40  deg.  superheat 

On  765  hp.  boil- 
ers     1 50  deg.  superheat 

On  650  nd  708 

hp.  boilers. .  .  .    Operated  by  Cole  automatics 
On   one   765  hp. 

boiler Operated  by  Cole  automatics ,  .  ,  , 

On  seven  765  hp. 

boilers Driven  from  fan  shaft  in  basement 

Forced  draft  for 

6.50  hp.  boilers  Driven  by  20  hp.  ind.  motors 

Forced  draft  for 

708  hp.  boil"rs  Driven  bv  25  hp  .  600  v 
Forced  draft  for  Each  .set  of  t",-o  driven  I 

765  hp.  boilers       Kerr  turbine 

On  all  boilers.'. . . 


hp 


gp-m 

10x.5xl2-in  ,     120 

gpm 
10-in..  2000  g.p.m. 

8-in.,  16.50  g.p.m. 

.Vin.,  734  g.p.m. 


1   Pump Duplex 

1  Pump Centrifugal.. . 

I   Pump Centrifugal. . . 

1  Pump Centrifugal.. . 

2  Pumps.  .  .    Centrifugal.. . 

2  Pumps Centrifugal 1-in.,  430 

1  Crane Double  track 16,000  lb.. 

1  Crnne Single  track 12,0(K)  lb 

1  Crane Single  track 10,0(K)  lb 

2  Scales Howe  platform. .  40,(*«i  lb 

2  Conveyom Bucket 31  buik<ls 

1  Scale Automatic 250')  lb Testing 

1  Crane Traveling 80-ton Engine  room 

1  Crane Traveling 30-ton Engine  room 

1  Crane Travr  ling. .  .  .   6-ton Engine  room 


Boiler  fi-ed .Steam  driven.. 


Edge  Moor  Iron  Co. 

Power  Specialty  Co. 

Under-feed  Stoker  Co.  of  America 

Under-Feed  Stoker  Co.   of  Am 

-\merican  Engineering  Co. 

National  Klower  Co. 

Wm.  Bayley  &  Sons 

.American  Blower  Co. 

(u'lieral  Electric  Co. 

Ilnppes  Mfg.  Co. 

Hoppes  Mfg.  Co. 

F.  M.  Prescott  Steam  Pump  Co. 
1'"  M.  Prescott  Steam  Pump  Co. 
V.  M.  Prescott  Steam  Pump  Co. 
H.  R.  Worthington 


Boiler  testing. . . .   Steam  driven ...    

Feed  water  from 

tanks  to  heater  Driven  by  .50  hp.  ind.  motor 

Feed  water  from  Double  suction  volute,  driven  by  40  hp.  Tei 

tanks  to  heater       turbine H.  R.  Worthington 

Test  tank Driven  by  10  hp.  ind.  motor    

Low  pressure  wa- 
ter supply. .    .     Driven  by  10  hp.  ind.  motor 

Low  pressure  wa- 
ter suppl.v Driven  by  15  hp.,  600  v.,  d.c.  motor. , 

Hoisting  coal.. .  .    Motor  operated 

Motor  operated        

Motor  operated  ... 

Equipped  with  self  registerinR  Iwam  . . . 
Enclosed  easing,  oi>eratcd  b.v  10  hp.  mot 
Avery  water  weighing  scale   , 

Motor  operated 

Motor  operated 

Motor  operated 


Moisting  ( 

Hoisting  coal. .  . 

Weighing  coal .  . 

iling  ashes  . 


rence  Machine  Co. 

II    H.  Worthington 

Lawrence  Mn-hinc  Co. 
Pawling  &   Hnrpischfeger  Co. 
Pawling  &  Harnischfeger  Co. 
I'awting  A   Harnischfeger  Co. 

Howe  Scale  Co. 

Chain  Belt  Co. 

Averv  Scale  Co. 

Toledo  Bridge  &  Crane  Co 

Pawling  Jtc   Harnischfeger  Co. 

Pawling  &    Harnischfeger  Co. 


modern  equipment  a  cnnsideralile  paving  is  effected  over  charts  and  records  are  lirought  before  being  scut  to  the 

the  cost  of  outside   work.     A   waste-washing  outfit   is  main  offices.     There  is  a  completely  stocked  store  and 

also  in  the  basement,  where  a  large  amount  of  oil,  suit-  tool  room  be«ide  the  offices,  where  most  of  fbe  supjilies 

able  for  further  use  after  proper  treatment,  is  extracted  are  ke))l. 
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Boxrs  System 

Perhaps  the  most  iutoresting  feature  of  the  entire 
station  is  the  system  of  bonus  papnent  for  the  men, 
which  enables  them  to  receive  a  share  of  the  profits 
accruing  from  economical  and  efficient  operation.  After 
careful  investigation,  the  engineers  of  the  company  de- 
cided upon  a  certain  B.t.u.  standard  per  switchboard 
kilowatt-hour  that  could  be  expected  from  good  operation 
obtained  by  careful  attention  to  duty  by  all  the  men. 
Any  saving  below  this  figure  can  be  figured  back  into 
dollars  and  cents,  and  a  certain  percentage  divided  among 
the  men,  those  participating  being  men  whose  work  bears 
directly  on  operation,  as  engineers,  oilers,  boiler-room 
foremen,  firemen,  coal  passers,  switchboard  operators, 
attendants,  etc.  All  smoke  fines  are  deducted  from  the 
total  bonus  due  the  men  in  the  month  that  the  fine  is 
made. 

The  bonu-s  is  expressed  in  percentage  of  the  men's 
wages,  which  means  that  a  fireman  earning  aliout  $7.3 
per  month,  in  a  month  when  a  .5  per  cent,  bonus  is 
nuidc,  receives  a  cheek  for  $3.7.")  in  addition  to  his  reg- 
ular wage.  To  keep  up  interest,  what  is  known  as  the 
"bonus  board'"  is  set  up  in  the  boiler  room,  as  shown  in 
Fig.  10.  The  results  each  week  are  figured  out  and 
the.  percentage  bonus,  based  on  an  average  weekly  ]5ay 
roll,  is  posted.  From  this  the  men  can  tell  whether 
they  did  well  the  past  week,  and  if  they  see  a  loss  they 
can  look  for  the  cause  and  remedy  it.  The  results  of 
this  system  have  been  readily  apparent  since  its  adop- 
tion almost  ten  months  ago.  Each  man  has  tried  his 
best  to  follow  out  his  instructions,  as  he  realizes  that 
they  tend  toward  more  economical  operation,  and  con- 
sequently a  larger  bonus  check  at  the  end  of  the  month. 

Beside  the  bonus  board  is  an  illuminated  master  steam 
gage,  a  recording  steam  gage  and  a  boiler-horsepower 
meter.  The  latter  is  simply  a  wattmeter  calibrated  to 
read  in  boiler  horsepower  in  accordance  with  the  kilo- 
watt-hour per  boiler-horsepower  standard.  This  serves 
as  a  guide  to  the  firemen  as  to  the  number  of  boilers  to 
be  kept  on  the  header,  so  that  the  pressure  may  be  kept 
constant  and  each  boiler  at  its  most  economical  rating. 

John  Anderson  is  chief  engineer  of  power  plants  for 
the  company  and  Fred  Dornbrook  is  in  charge  of  the 
operation  of  the  Commerce  St.  plant.  To  the  former 
we  are  indebted  for  the  information  contained  in  this 
article. 


'U'elhklLaEa^  IB®iiP02tniefe©ir  aimed  V^casMinm 

One  of  the  most  important  factors  in  the  economv  of 
steam  consumption  for  power  purposes  is  the  absolute 
back  pressure.  To  reduce  this  pressure  to  a  minimum 
is  the  ofiice  of  the  condenser,  and  it  is,  therefore,  most 
desirable  to  keep  close  tabs  on  the  condenser.  Vacuum 
gages  and  recorders  are  used  for  this  purpose. 

Ordinary  vacuum  gages  and  recorders,  however,  do 
not  indicate  or  record  the  baok  pressure  directly  or  cor- 
rectly. The  vacuum  as  recorded  varies  with  the  barom- 
eter at  the  time  and  place,  whereas  the  absolute  back 
pressure  in  the  condenser  is  independent  of  the  barom- 
etric pressure,  but  is  always  equal  to  the  difference  be- 
tween the  two.     The  nearer  the  vacuttm  approaches  the 


barometer,  the  lower  the  back  pressure,  and  vice  versa. 

The  Uehling  Instrument  Co.,  Passaic,  X.  J.,  has  put 
on  the  market  a  combined  barometer  and  vacuum  re- 
corder which  puts  these  two  records  in  juxtaposition  on 
the  same  chart.  Using  the  barometer  record  as  the  base 
line,  the  absolute  l)ack  pressure  can  be  correctly  read  off 
directly  from  the  chart.  The  instrument  is  shown  here- 
with. 

It  consists  of  two  float  chambers,  one  connected  with 
a  barometric  mercury  column,  the  other  with  a  mercurv 


Ui;in.ix(;  BAi;uiii:TEK  axd  TAcurii  Recouder 

ci.ihiinn  in  coinmunication  with  the  condenser.  TheSB 
columns  and  dotil^le  float  chambers  are  secured  to  this 
case  of  the  recorder.  The  pens  are  actuated  by  the  floats 
and  move  in  harmony  with  the  barometric  pressure  and 
the  vacuum. 


Combustion — By  combustion  is  meant  tlie  chemical  union] 
of  the  combustible  mateiial  of  a  fuel  and  the  oxygen  of  thi 
air.  The  fireman  is  the  manufacturing  chemist.  Theoreticallsl 
the  process  is  a  simple  one  as  it  is  only  necessary  to  bring 
the  fuel  at  kindling  temperature  in  contact  "with  the  correcij 
amount  of  oxygen  and  combustion  will  be  complete.  In  prac- 
tice, however,  the  size  and  character  of  fuel  and  its  impuritiei 
type  of  furnace,  draft,  mechanical  and  human  difficulties  entei 
in,  causing  the  combustion  to  become  less  perfect  and  thi 
fireman  becomes  less  of  a  chemist  and  more  of  a  coal  heavei 


Sci)teiiilK'r   1,    l!)U 
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1  ©Ft  =■  Circuits  aimdl  Qro^midls  lim 
Field  Colls 


I'.v    F.  A.  AwKii 


SYNOPSIS — Tlie  causes  and  rffeds  of  shoii-circuils 
and  grounds  in  firld  coils  and  how  to  locate  them  lnj 
means  of  a  lamp  or  roltmeler. 

Short-circuits  in  tiie  field  coil.'r  of  a  motor  or  f(ciiora- 
tor  may  be  caused  in  several  ways:  First,  if  the  two 
terminals  of  the  coil  come  in  contact  with  one  another,  as 
at  a.  Fig.  1;  this  would  completely  short-circuit  the  coil, 
consequenth',  no  current  would  pass  through  the  winding 
of  coil  A.  Second,  a  partial  short-circuit  of  the  wind- 
ing, as  at  h.  Fig.  1,  is  caused  by  the  insulation  breaking 
down  between  two  turns  in  different  parts  of  the  coil. 
One  of  the  chief  causes  of  this  is,  when  the  coil  is  being 
taped  the  outside  end  turns  are  sometimes  allowed  to 
become  misplaced  and  fall  in  upon  the  end  of  the  coil 
after  reaching  the  inner  layers;  high  voltages  exist  be- 
tween these  outside  and  inner  turns,  and  if  the  field 
circuit   is  opened  suddenly   llie   induced   voltage  may  be 


the  ground  and  liaek  to  the  negative  sidj-  of  the  line 
as  indicated  by  the  doited  lines  and  arrowheads.  .\ 
condition  like  this  would  cause  the  fuses  to  blow  or  the 
( ircuit-breaker  to  open  with  very  bad  heating  or  a  com- 
]ilete  burn-out  of  the  grounded  coil.  On  tiie  other  hand, 
if  the  ground  is  in  coil  D,  as  in  Fig.  4,  only  part  of 
coil  D  would  bo  short-circuited,  fbe  cnirrent  flowing  as 
indicated,  and  the  effect  would  lie  that  of  a  partial 
<hort-circuit  such  as  at  h.  Fig.  1.  One  ground  in  the  field 
coilWhere  everything  else  is  insulaled  from  ground  will 
not  have  any  effect  upon  the  operafion  of  the  machine. 

A  grouml  in  the  field  winding,  combined  with  a 
ground  in  the  armature,  or  the  controlling  device,  may 
l>roduce  several  elfects,  depending  u])on  the  conditions 
under  which  it  occurs  therefore,  in  case  of  troulile  on  a 
machine  one  of  the  first  things  is  to  test  the  various 
parts  for  ground-^. 

A  short-circuit  in  one  of  the  field  euils  of  a  twij-nole 


Mkihops  oi-  LocATiMi  Sii()n r-('iii(iTrs  .\xn  dvv.y.  f'litcriT^ 


liigli  enough  lo  hreak  down  the  insulation.  Third, 
moisture  in  the  field  coils  will  cause  short-circuits,  or 
grounds.  A  fourth  cause  of  partial  short-circuits  is 
grounds  uiider  various  conditions,  some  of  wliieli  are 
two  grounds  in  the  same  field  coil,  as  at  a,  Fig.  'I.  which 
will  cause  a  partial  short-circuit  of  coil  .1.  'i'hi-;  has 
the  same  elfect  as  that  shown  at  h.  Fiir.  1. 

Again  there  may  be  a  ground  in  two  different  coils, 
at  h  and  d.  Fig.  2;  this  short-circuits  part  of  coils 
H  and  I>  and  cuts  out  coil  ('  entirely  as  indicated 
by  the  dotted  lines  which  sliow  the  jiath  the  currcni 
will  take.  If  the  frame  of  tlu-  machine  and  one  side  of 
the  line  is  grounded,  one  ground  in  the  field  coil  will 
short-circuit  one  or  more  coils  depending  ujjon  which 
ie  grounded.  For  instance,  referring  to  Fig.  .'?,  if  coil 
A  is  grounded  to  tile  core,  current  can  flow  from  the 
positive  si(l(!  of  the  line  to  the  field  terminal  A',  through 
part  of  (i,.|,|  ,.,,il   .1    to  the  fr'ini-  of  the  iiMcliin-.  tben  to 


motor  will  not  have  any  eflect  upon  its  o])eration  other 
tlian  cause  a  slight  increase  in  speed.  However,  the 
temperature  of  the  two  coils  will  be  different  depemling 
ii]ion  how  much  of  the  defective  coil  is  short-circuited. 
The  heating  in  the  good  coil  may  become  excessive  ami 
it  will  be  burned  out  unless  the  defective  coil  is  repaired. 
\\"\t\\  any  other  nundier  of  poles,  if  cine  coil  is  short- 
circuited,  the  macbiiie  will  start  uji  with  a  good  effort 
but  will  sjiark  and  Inirn  badiv  at  the  brushes  and  if 
the   starting   resistance   is   cut    out    the    fuses    will    blow. 

Lor.\TiN(;    SnoKT-Ciitci  IIS 

OiU'  method  of  locating  a  short-eireiiited  roil  is: 
First,  eoniu'ct  the  coils  to  the  line  or.  if  the  machine 
is  already  connecteil,  <lis(oiniect  the  armature  lead  at 
the  starting  box,  close  the  switch,  and  move  the  starting- 
box  arm  over  to  the  running  ])osition  as  in  Fig.  •"). 
After  the  field  coils  have  been  connected  to  the  line  for 
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15  or  20  minutes  the  derective  coil  may  be  located  by 
noting  the  comparative  temperatures  of  the  ditterent 
coils  with  the  luiud ;.  the  defective  coil  will  Ije  much 
cooler  than  the  others. 

A  better  method  of  testing  for  short-circuits  is  to  use 
a  voltmeter  -for  measuring  the  drop  across  each  coil  as 
indicated  in  Fig.  5.  If  non£  of  the  coils  is  defective  the 
voltmeter  reading  across  each  coil  will  be  equal  to  the 
line  voltage  divided  by  the  number  of  coils.  For  in- 
stance, the  drop  across  each  coil  of  a  four-pole  machine 
connected  to  a  2'30-Yolt  circuit  should  equal  220  -4-  4  = 
55  volts.  If  one  coil  is  short-circuited  the  voltage  drop 
across  the  defective  coil  will  be  less  than  that  across 
the  others,  producing  a  condition  similar  to  that  in  Fig.. 
G,  which  shows  coil  B  short-circuited  at  h,  therefore, 
the  voltage  drop  across  it  will  be  less  than  across  the 
other  coifs  which,  in  this  case  is  assumed  to  be  65  volts 
as  indicated,  while  across  the  defective  coil  the  volt- 
meter reading  is  only  25  volts.  If  the  coil  were  com- 
]iletelv   short-circuited,   as   at   a.   Fig.    1,   the   voltmeter 


If  it  is   still   fuuuil  to  be   defective  the  only   remedy   is 
ri'winding. 

Ti:sTi\a   FOR   Gisouxds 

To  test  the  field  coils  for  a  ground  a  lamp  mnv  be 
used,  as  shown  in  Fig.  8.  With  the  machine  otherwise 
disconnected  from  the  line,  connect  one  side  of  the  line 
to  one  terminal  of  the  field  coils  then  connect  the  lamp 
from  the  other  side  of  the  line  to  the  frame  of  the 
machine.  If  cine  of  the  coils  is  grounded  to  the  frame 
as  at  a-  the  lamp  will  light.  The  particular  coil  that 
is  grounded  may  be  locatfid  as  follows:  Open  a  connec- 
tion between  the  coils  so  as  to  divide  them  in  two  equal 
groups  as  in  Fig.  9  and  test  each  group  separately  for 
grounds  which  in  this  case  would  be  found  to  be  in  the 
group  containing  coils  C  and  D.  After  the  group  with 
thx?  ground  has  been  located,  open  the  connection  be- 
tween each  individual  coil  in  this  group  and  test  each 
coil  for  a  ground,  as  indicated  in  Fig.  10,  which  in  this 
case  would  bo  found  in  coil  C. 
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when  connected  across  its  terminals  would  read  zero 
and  indicate  one-third  line  voltage  across  the  terminals 
of  the  other  three  coils. 

Open-circuited  coils  can  be  located  in  the  same  way, 
as  indicated  in  Fig.  7.  When  the  voltmet<?r  is  connected 
across  the  terminals  of  coil  C,  which  is  shown  open  cir- 
cuited at  .T,  it  will  read  the  line  voltage,  for  it  completes 
the  circuit  through  the  other  three  coils.  If  it  is  con- 
nected across  the  terminals  of  any  one  of  the  other  three 
coils  it  will  read  zero. 

Instead  of  using  a  voltmeter  to  locate  the  short-cir- 
cuited coil  a  lamp  may  be  employed,  although  not  with 
the  same  degree  of  satisfaction  as  with  the  voltmeter. 
When  the  lamp  is  used  the  defective  coil  will  be  indi- 
cated by  the  lamp  glowing  dimmer  when  connected  to 
its  terminals   than   when   connected   to   the   other   coils. 

If  the  field  coils  are  not  wound  on  spools  the  short- 
circuit  is  usually  easily  located  and  repaired.  After  the 
tape  has  been  removed  from  the  coil,  tf  the  short-circuit 
cannot  be  located,  it  is  well  to  connect  the  coil  again 
and  make  another  test  to  make  sure  that  the  short-circuit 
has  not  been  removed  in  some  way  in  removing  the  tape. 


A  ground  in  the  field  coil  may  also  be  located  b] 
means  of  a  voltmeter,  as  in  Fig.  11.  Connect  the  coili 
to  the  line,  tlien  connect  one  terminal  of  the  voltmetei 
to  the  frame  of  the  machine  and  with  the  other  tesj 
the  different  coil  terminals  and  note  the  readings! 
For  instance,  consider  a  ccmdition  as  shown,  where  coil 
(B  is  grounded  at  x.  If  the  voltmeter  is  connected  to 
coil  terminal  a  it  will  read  the  voltage  drop  across  col 
A  and  part  of  coil  B,  the  hitter  depending  on  how  nea| 
the  ground  is  to  h  or  V.  If  the  voltmeter  is  now  con* 
necrted  to  I  it  will  read  less  than  one-fourth  the  line 
voltage,  and  if  connected  to  c  it  will  again  read  less  thi 
the  line  voltage  divided  by  the  number  of  coils  whi 
indicates  that  the  ground  is  in  coil  B.  This  may  thel 
be  disconnected  and  tested  separately  with  a  lamp,  or 
voltmeter  as  described  for  Fig.  10.* 

If  one  side  of  the  line  and  the  frame  of  the  maehiijl| 
is  grounded,  as  in  Figs.  3  and  4,  the  method  of  testingf. 
the  field  coils  for  grounds  would  be  practically  the  same 


•It  the  voltmeter  will  read  direct  current  only,  connectio 
t  and  t'  -will  have  to  be  interchanged  before  the  instrume 
will  read  when  connected  to  c. 
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as  previously  flescrihed.  However,  the  first  thing  is  to 
find  the  side  of  the  line  that  is  not  grounded.  This  can  be 
done  as  shown  in  Fig.  12.  With  the  machine  disconnected 
from  the  line,  connect  one  side  of  the  test  lamp  or  volt- 
meter to  the  frame  of  the  machine  and  with  the  other  con- 
nect first  to  one  side  of  the  line  and  then  to  the  other 
until  the  lamp  lights  or  the  voltmeter  indicates.  In  this 
instance  if  the  testing  device  is  connected  to  a  it  will  not 
indicate,  but  will  indicate  when  connected  to  terminal  b, 
the  ])nth  of  the  current  being  indicated  by  the  dotted  linei-- 
and  arrowheads. 


After  this,  Jias  been  determined  ihc  field  coils  may  be 
tested  for  grounds  by  disconnecting  the  testing  device 
from  the  frame  of  the  machine  and  connecting  it  to  one  of 
the  field  terminals,  as  in  Fig.  13,  in  which  coil  B  is 
grounded  at  x.  If  no  coils  were  grounded  the  testing  de- 
vice would  not  indicate.  The  grounded  coil  may  then  be 
located  in  the  manner  described  for  Figs.  9  and  10,  rtr  a 
voltmeter  may  be  used  in  which  case  the  wire  w  (Figs.  9 
and  10)  is  dispensed  with  and  the  voltmetver  lead  is 
brought  direct  to  one  of  the  coil  terminals  as  shown  in 
Fisj.  13. 


Plamitts  of  Iimterest  in  Mll^^a^lic 


Hy   Thom 

SYXOI'SIS  —  An  uiiusuallij  ircll  illustraird  artir'r 
treating  of  features  of  plants  in  busy  Milwaukee.  An 
old  Corliss  engine  installed  in  1S81  and  giving  service 
every  day  is  described.  The  coal-liandling  plant  for  the 
Schlitz  breweries  is  worthy  of  note. 

;*; 

Of  the  manufacturing  cities  in  this  country,  Milwau- 
kee ranks  as  one  of  the  foremost.  It  has  a  varied  line  of 
staple  products,  many  of  which  are  intended  for  use  in 
the  power  plant.  The  city  is  one  of  the  greatest  coal  dis- 
tributing points  on  the  Upper  Lakes  and  its  bank  clear- 
ings are  not  far  behind  those  of  the  great  industrial  cen- 
ters. So  much  manufacture  naturally  requires  a  great 
deal  of  power,  and,  as  might  be  expected,  Milw-aukee  his 
a  number  of  interesting  plants;  some  are  private  installa- 
tions, others  belong  to  the  three  central-station  compan- 
ies, and  in  the  breweries  there  are  immense  refrigerat- 
ing ])lants  which  are  worth  investigating.  It  is  the  pur- 
pose of  this  article  to  enumerate  the  features  of  some  of 
the  leading  plant.s,  those  that  would  be  worth  a  visit 
while  at  the  convention.  Two  of  the  large  ones  have 
been  given  space  in  this  issue,  and  with  those  mentioned 
hereinafter  there  will  be  variety  from  which  to  choose. 

rFISTKI!  &  YOGKL  TrUBIN-K    Pl.AXT 

I'erhaps  the  most  pleasing  looking  installation  in  the 
city,  and  the  simplest  for  its  size,  is  the  310()-kw.  tur- 
bine plant  installed  by  the  above  com])any  in  1010.     The 
two  large  turbines,  of  the  horizontal   reaction  type,  arc 
painted  light  gray  and  black,  and  with  the  copper  i)iping 
the   contrast   is   attractive.    The   latest   instruments   and 
^ages.  nicely  mounted,  also  add  to  the  appearance;  their 
■ecords  show  that  a  kilowatt-hour  at  the  switchboard  is 
Jroduced  for   1.05c.     This   includes  operating  expen.ses, 
Dterest   and    depreciation,   with    a   load    factor   on    both 
)oilers  and  turbines  of  about  4')  per  cent.     For  coal  alone 
he  cost  per  unit  is  0.38c.     Barometric  condensers  serve 
he  turbines,  and  to  prevent  clogging  by  the  dirty  water 
rem    the   Menominee   River,   special    nozzles   are   so   ar- 
anged  that  the  openings  arc  not  restricted.     A  pressure 
if  -Yi  lb.,  or  IV^  in.  abs.,  is  maintained  in  the  condensers. 
'he  temperature  of  the  water  going  to  the  hotwell  is  i)0 
eg.,  and  to  use  it  for  industrial  jjurposcs  in  the  tannery 
wdd  save  heating  a  fresh  su])ply  of  water  by  live  steam. 
'o  ])urify   this   very   dirty   water,    however,   one  of   the 
iTgest  water  softeners  ever  built,  having  a  capacity  of 
50,000  gal.  per  hr.,  was  placed  in  the  jilant.    The  water, 
sing  hot,  assists  in  the  |)rocess  of  softening,  and  as  the 
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main  tank  is  72  ft.  iiigh,  it  is  distriiiuted  by  gravity  to 
the  departments.  In  summer,  the  water  only  loses  1  or  2 
deg.  in  the  softener  but  loses  3  or  4  deg.  in  winter. 

In  the  boiler  room  there  are  six  water-tube  boilers 
equipped  with  chain  grates,  a  Darley  pneumatic  system 
of  ash-handling  and  special  facilities  for  getting  the  coal 
to  the  stoker  hoppers.  In  the  ba.«ement  of  the  building 
containing  the  power  plant  there  is  a  central  hydraulic 
system  for  twelve  elevators.  The  pump  requires  a  To'^ 
hp.  motor,  but  200  hp.  or  more  would  be  required  if  in- 
dividual electric  elevators  had  been  installed.  In  the 
basement  of  the  new  office  building  there  is  something  of 
interest  for  the  heating  engineer — an  air  washer  having 
a  capacity  to  handle  40,000  cu.ft.  of  air  per  min.  The 
air  is  blown  into  the  rooms  at  72  deg.,  and  thermostatic 
control  turns  on  direct  radiation  when  the  room  tempera- 
tures drop  below  70  deg. 

A  Producer  G.\8-Ex<;ixe  Plaxt 

An  800-kw.  producer  gas-engine  plant  has  been  run- 
ning without  the  slightest  trouble  for  the  past  four  years 
at  the  works  of  the  A.  0.  Smith  Co.,  makers  of  automo- 
bile parts,  drop  forgings  and  stampings.  Soft  coal  is 
used  in  the  producers  and  for  the  year  1913  the  total  cost 
per  kilowatt-hour  averaged  1.04c.  This  is  made  up  of  an 
operating  cost  of  0.634c.  and  a  fixed  charge  of  0.47c.  pvn- 
unit.  (See  Povvkr,  of  Mar.  10,  1914.)  There  are  two 
400-kw.  tandem,  double-acting  engines,  two  400-hp.  pres- 
sure producers  and  two  3.50-bp.  suction  producers.  The 
first  two  producers  have  rotary  tar  extractors  and  the 
others  static  tar  extractors  which  latter  were  the  second 
of  their  kind  to  lie  installed.  (For  further  reference,  this 
devic-e  was  described  in  the  Dec.  9,  1913,  issue  of 
PowKU. )  The  tar  recovered  is  burned  under  heating 
lioilers  and  per  pound  evajKirates  91A  lb.  of  water.  .\n 
iiiteresting  feature  is  the  arrangement  for  utilizini;-  the 
waste  heat  of  the  exhaust  gases.  The  gas  from  the  en- 
gines pasfses  through  a  heater  and  then,  in  conjunction 
with  waste  gases  from  the  annealing  ovens,  is  delivered 
to  hot-water  heating  boilers  which  are  also  equii>iied  to 
burn  either  coal  or  tar.  The  engine  jacket  water  which 
is  passed  through  the  heater  is  delivered  to  the  boilers 
and  any  excess  is  sprayed  and  reused. 

ri:xTR.\L  Station.? 

Of  these  there  is  quite  a  number.  The  rommeree 
Street  statif)n  of  the  Milwaukee  Electric  Railway  & 
T>iglit  Co.  is  dcscrilied  in  a  separate  article  in  this  issue. 
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Fig.    1-      Turbine    r 
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Smith  Co.'s  plant.     Fig.  4."   Top  of  gas  producers^  showing  tar   extractors,  same 
Power  Co.      Fig.      6.      Engines,   Commonwealth   Power   Co. 
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The  same  company  operates  a  plant  on  Oneida  St.  and 
another  in  the  basement  of  the  Public  Service  Building; 
both  are  run  non-condensing  and  supply  exhaust  steam 
for  heating.  The  Oneida  St.  plant,  which  supplies  di- 
rect current  only  for  railway  and  general  service,  has 
a  capacity  of  47-50  kw.  in  five  cross-compound  vertical 
engine  units  and  eight  .JOO-hi).  water-tube  boilers 
equipped  with  underfeed  stokers.  Exiuiust  steam  for 
hciting  is  supplied  to  the  business  district  east  of  the 
river  and  to  a  large  area  in  the  residence  district,  the 
connected  load  aggregating  about  318,000  sq.ft.  of  radia- 
tion. 

In  the  Public  Service  Building  60-cycle  current  at 
4000  volts  is  generated.  Tlie  main  equipment  consists 
of  three  1500-kw.  hori'ontal  reaction  turbines  and  ten 
4iii)-lip.  water-ti'Lc  bu'lers  having  underfeed  stokers. 
The  turbines  are  noncondensing  and  are  run  during  the 
heating  season  to  supply  exhaust  steam  to  the  business 
'district  west  of  the  river  and  a  small  part  of  the  resi- 
dence section.  The  lines  consist  of  1()30  ft.  of  16-in. 
pipe.  4460  ft.  of  14-in.  and  l.^jtSer  ft.  of  smaller  pipe. 
The  connected  load  is  170,000  sq.ft.  of  radiation. 

The  principal  station  of  the  Commonweal tli  I'ower  Co. 
i<  also  on  Commerce  St.  It  is  a  plant  containing  three 
cross-compound  Corliss  engine  units  served  in  common 
\>\  a  barometric  condenser.  A  3000-kw.  reaction  turbine 
and  surface  condenser  are  now  being  in.stalled.  There 
arc  six  500-hp.,  water-tube  boilers  with  overhead  bunkers 
and  automatic  scales  to  record  the  weight  of  the  coal  fed 
to  the  chain-grate  stokers.  Just  above  the  station  is  the 
large  coal  yard  of  the  Schlitz  Brewing  Co.,  with  a  storage 
capacity  of  GO, 000  tons;  it  has  two  gantry  cranes  cap- 
able of  unloading  from  a  boat  two  tons  per  min.  An 
800-ft.  belt  carries  the  coal  to  the  plant.  As  the  clam- 
shell buckets  of  the  cranes  are  operated  intermittently, 
the  motors  are  supplied  with  oOO-volt  railway  service 
from  a  75-kw.  motor-generator  set  which,  to  smooth  out 
the  irregularities  in  the  demand,  has  a  solid  steel  fly- 
M-heel  weighing  18,000  lb. 

Ax  Old  Exgini; 

At  the  John  B.  A.  Kern  &  Sons  tlour  mill,  on  the 
JJlilwaukee  River  between  the  two  Commerce  St.  plants, 
is  a  Corliss  engine  which  was  installed  in  1881.  It  has 
been  on  24-hr.  service,  except  Sundays,  ever  since,  and 
is  in  excellent  condition  today.  The  engine  is  a  tandeni- 
oompound,  28x5()X  IS-in.,  tieveloping  at  65  r.p.m.  a  nuix- 
imum  output  of  1000  hp.  with  steam  at  125  lb.  pressure. 
At  the  time  of  its  erection  it  was  the  largest  engine  in 
till'  Northwest,  and  is  said  to  be  tiie  first  large  nutciiine 
built  by  Edwin  Reynolds  after  his  afliliation  witli  the  E. 
P.  Allis  Co.  The  original  valve-gear  is  still  intact.  It  is 
of  the  regular  Hcynohls  type,  but  of  heavier  construc- 
tion, as  the  solid  wristplate  will  indicate.  The  usual 
flyball  governor  is  belted  to  the  main  sliaft  and  one  ec- 
centric operates  the  valve-gear  of  the  two  cylinders. 

The  engine  has  locomotive,  or  oi)en,  wrought-iron 
slides  acting  as  braces  from  flic  housing  of  tlie  low-pres- 
sure cylinder  to  flic  housing  of  the  main  shaft  bearing. 
The  bearing  ends  of  the  slides  are  fitted  in  slots  and  held 
by  cross  keys.  An  unusual  feature  is  two  piston  rods  be- 
tween the  low-pressure  piston  and  the  crosshead.  The 
main  connecting-rod  has  tlu-  old-style  gib  and  key  which 
has  not  been  made  for  many  years.  Tlie  flywheel  is  2ii 
ft.  in  diameter  and    its  40-in.   face    is   fitted   with    tlirc 


belts,  one  over  the  other  and  leading  to  different  floors. 
A  jet  condenser  serves  the  engine.  Two  single-acting 
pumps,  16x20-in.  driven  by  a  double  arm,  remove  the 
water  and  obviate  the  necessity  of  a  foot  valve.  The 
shaft  on  which  the  double  arm  is  mounted  is  rotated  by  a 
rockshaft,  actuated  through  a  connecting-rod  by  a  re- 
duced end  on  the  crankjiin. 

The  Garbagk  Ixcinerator 
Killing  two  birds  with  one  stone — that  is,  destroying 
its  garbage  and  generating  current  for  useful  purposes — ■ 
is  what  Milwaukee  is  doing  with  this  interesting  plant. 
Garbage  is  collect;ed  in  the  second  story  of  the  plant  and 
fed  downward  into  the  furnaces.  There  are  four  indepen- 
dent units  each  having  six  fires  and  a  capacity  of  75  tons 
daily.  The  garbage  is  incinerated  without  the  aid  of  fuel 
other  than  that  found  in  the  refuse  matter.  During  the 
warmer  weather  better  combustion  is  obtained  by  using 
cinders  to  .separate  the  material.  The  gases  from  the 
destructor  units  are  passed  through  200-hp.  water-tube 
boilers,  of  which  there  are  four,  although  only  three  are 
u.sed  at  any  one  time.  With  an  evaporation  of  1.25  lb. 
of  water  per  pound  of  refuse  there  has  been  plenty  of 
steam,  but  formerly  most  of  it  escaped  to  the  atmosphere, 
only  enough  being  used  to  generate  current  for  the 
cranes,  fans  and  lights.  More  recently,  a  generating 
station  has  been  erected.  It  contains  a  600-kw.,  single- 
stage,  reaction  turbine  driving  a  three-phase,  4000-volt 
generator  at  3600  r.p.m. ;  a  Leblanc  condenser  serves  tht 
unit.  Most  of  the  current  is  transmitted  to  the  Milwau- 
kee River  flushing  station  where  the  potential  is  reduced 
to  440  volts  to  serve  a  350-lip.  induction  motor  driving  a 
centrifugal  pump.  The  latter  has  a  capacity  of  21,000,- 
000  gal.  per  hr.  and  during  the  day  is  supposed  to  rep'ace 
the  entire  flow  of  the  river.  The  station  runs  continu- 
ously six  days  a  week  and,  besides  the  above  load,  lights 
McKinley  Park  and  the  bathing  hou.ses  at  JIcKirdi'v 
Beach.    At  times,  there  is  still  steam  to  spare. 

A  Breweuy  Plaxt 

Those  interested  in  refrigeration  will  naturally  look  to 
the  large  breweries,  and  of  these  Pabst  is  the  nearest  to 
the  convention  hall.  In  c()m])ressors  there  is  a  total  ca- 
pacity of  !)00  tons  of  refrigeration  made  up  of  two  30(). 
ton,  double-acting  units  and  four  75-ton,  single-acting 
machines,  driven  by  Corliss  engines.  In  the  power  plant 
there  are  two  400-kw.,  cross-coni])ound  vertical  engines 
and  one  simple  300-kw.  unit,  all  ojicrating  noncondens- 
ing and  furnishing  three-i)ha.se,  25-cycle  current  at  440 
volts.  From  the  simple  unit  steam  is  exhausted  at  40- 
llj.  pressure  for  cooking  in  the  brewhouse. 

A  new  boiler  room  equipped  with  eight  400-hp.  water- 
tube  boilers.  Murphy  furnaces  and  economizers  has  rc- 
place<1  the  one  wrecked  by  the  explosion  five  years  ago. 

Coal  is  .stored  in  individual  overhead  bunkers  and 
weighed  by  ho])i)er  scales  before  reaching  the  furnace.  Tl 
is  delivered  to  the  plant  in  a  five-ton  truck  driven  by 
worm  gears  instead  of  chains  and  having  a  hydraulic 
hoist.  The  truck  has  taken  the  place  of  four  three-horse 
teams  and  one  man  ojierates  it.  Eighteen  five-ton  loads 
can  be  hauled  in  an  8-lir.  day,  the  distance  for  tho  round 
trip  being  3.4  miles. 

Co.vLixu  Plants 
Milwaukee  is  called  upon  to  care  for  more  than  5,000,- 
000  tons  of  coal    in  the  comparativelv  short   season   of 
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Fig-.  7.  Old  Corliss  engine.  Kern  Flour  Mills.  Fig.  8.  Cross- 
head  and  Kuides  of  the  old  Corliss.  Figr.  9.  Boiler  room  of 
the  incinerator  plant.  Fig-.  10.  Turbine  using  steam  from 
incinerator  plant.  Fig.  11.  Boiler  room  of  Pabst  brewery. 
Fig.  13.     Coal  yard  of  the  Milwaukee  Western  Fuel  Co. 

navigation.  There  are  twenty-eight  receiving  plants 
along  the  various  channels  leading  to  the  lake  and  ail 
are  equipped  with  the  most  modern  appliances  for  hand- 
ing coal.  Their  comhined  storage  capacity  is  something 
ilce  4,000,000  tons  and  the  equipment  represents  an  un- 
loading capacity  of  100.000  tons  every  10-hr.  The  Six- 
teenth St.  yard  of  the  Milwaukee  Western  Fuel  Co.  has 
two  jMrtable  8-ton  man-trolley  bridges  and  two  portable 
steel  towers,  the  outfit  being  capable  of  unloading  "^OOO 
tons  per  hour.  A  revolving  bridge  at  the  works  of  the 
Milwaukee  Coke  &  Gas  Co.  is  said  to  be  the  largest 
gantry  crane  ever  constructed.  It  has  a  clear  span  of  36f) 
ft.,  a  cantilever  extension  of  150  ft.  and  rarries  a  5-ton 
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the  workers.  The  Board  of  Iiulnstrial  Education  equipped 
the  plant  as  a  residt  of  a  jjetition  of  ^Yisc■onsin  Xo.  1. 
X.A.S.E. 


Fig.   ]■<!.     \'i:i!Ti('AT.  Exoixks  at   Parst  Brewery 

bucket.  Three  fast  lioists  take  coal  from  ve-sels  at  the 
rate  of  300  tons  per  hoxir  each,  or  a  total  of  900  tons. 
The  plant  was  designed  to  handle  Ij.'SOO.flOO  Tons  of  coal 
over  the  dock  in  the  coiirse  of  a  season.  An  interesting 
feature  in  the  trade  is  the  employment  of  two  river 
liarges  equipped  with  elevating  machinery  to  transfer  Ihe 
coal  direct  to  bins  or  yards  connected  with  power  housos, 
tluis  avoiding  a  vast  amount  of  teaming.  The  apparatus 
just  referred  to  docs  not  l)elong  to  the  power  plant,  but 
i*  is  handling  a  product  familiar  to  all  and  in  a  way  tliat 
in  most  interesting. 

There  are  other  ])lants  in  ililwaukee  which  are  well 
worth  a  visit.  At  the  public  liijrary  the  engineer  keeps 
a  most  complete  system  of  records,  aiul  the  same  is  true 
at  the  plant  of  the  Falk  f'o.,  which  is  |)roducing  current 
at  an  average  cost  of  1c.  per  kw.-hr.  Then  there  are  the 
nuunifacturing  establishments  turning  out  power  plant 
products.  .V  general  knowledge  of  the  finished  aTiclc 
should  create  an  interest  tf>  see  how  it  is  made  and  as- 
sembled. 

A  visit  to  any  of  the  following  ])lants  would  not  bo  re- 
gretted:  Allis-C'halmers  Co.,  Avery  Scale  Co.,  Bayley 
Manufacturing  Co.,  Chain  Belt  Co.,  Cutler-llammcr 
Manufacturing  Co.,  Filer  &  Stowell  Co.,  IT.  W.  Johns- 
Man  ville  Co.,  Xordberg  JIanufacturing  Co.,  Pawling  & 
ITarnischfeger  and  the  Vilter  Manufacturing  Co. 

Another  feature  which  may  be  of  interest  is  tlie  new 
ex)ierimental  power  plant  just  installed  by  the  Central 
Continuation  School,  a  public  institution  maintained  by 
the  city  of  ^niwaukee  to  offer  educational  facilities  f<jr 


Yefi  BuaaM 

The  puniii  uf  which  the  photograph  is  reproduced  here- 
with is  one  of  live  which  are  being  built  by  the  Soutli- 
wark  Foundry  &  Machine  Co.  for  the  Plaquemine  &  Jef- 
ferson Drainage  District  of  Louisiana.  Four  of  these 
pumps  have  TG-in.  outlets  and  the  fifth  a  48-in.  outlets 
Their  function  is  to  pump  water  back  over  the  levee  into 
the  Mississippi  Eiver  for  the  purpose  of  draining  a  dis- 
trict near  the  Plaquemine  Canal.  The  large  pumps  have 
a  lift  varying  from  1  to  13  ft.  and  the  smaller  pump 
from  3  to  8  ft.  The  capacity  is  168,000  gal.  per  min.  at 
1  ft.  head,  and  10,000  gal.  per  min.  at  13  ft.  head  for 
the  larger  pumps;  17,o00  at  3  ft.  head,  and  40,000  at  8 
ft.  head  for  the  smaller  pump.  The  usual  head  will  be 
from  3  to  6  ft.  The  pumps  are  to  be  driven  by  com- 
iiouud  condensing  Xordberg  Corliss  engines,  designed  for 


';()-I\.  CiCNTRirrc;  \i,  I'imp  for  I'i.  m.mim  ixe  Diiaix- 
\(;ic  I'ro.ikct 

ITO-lb.  gage  initial  ju-cssure  and  'i'yy^  in.  of  vacuum,  and 
it  is  expected  that  a  duty  of  about  !)5.000,000  ft.-lb. 
per  1000  lb.  of  steam  will  be  obtained  with  the  larger, 
and  85,000,000  with  the  snuiller  imnip. 


'I'he  >Vor<l  "Zero"  Is  from  tho  .Spanish,  .nnd  mpans  empty, 
hi'iKi'  nothing.  It  was  lirst  used  for  tho  thei  mometer  In  1796 
by   the   I'lMisaiiin   mcrrhnnt  iind   physicist   Fahrenheit. 
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SYNOPSIS — Continuing  the  discussion  of  the  riilrs 
drawn  by  the  Massachuscltx  Board  of  Bailer  Nnles.  this 
installment  deals  with  those  included  in  Part  III. 


PaUT     111 — Sl'X'TIOX     1 

Since  Jiart  tliree  applies  only  to  boilers  to  be  installed 
after  tbe  passage  of  the  law,  the  greatest  latitude  was  al- 
lowed in  making  the  rules,  for  they  could  not  affect  the 
property  rights  of  anyone. 

Section  /deals  witli  the  chemical  and  pliysical  qualities 
of  the  materials  to  be  used  in  boilers  and  how  such  qual- 
ities are  to  be  ascertained.  Some  steel  manufacturers 
have  objected  to  the  chemical  qualities  called  for  by  the 
rules,  but  the  requirements  are  apparently  none  too 
stringent  and  can  be  easily  met  by  the  manufacturer  of 
good  boiler  plate. 

The  physical  qualities  could  be  changed  to  advantage 
from  every  viewpoint.  The  present  scheme  of  fixing  pres- 
sures induces  the  boiler  manufacturer  to  secure  plate  of 
as  high  tensile  strength  as  possible  and  keep  within  the 
limit  prescribed  by  the  rules  {62,000  lb.  per  sq.in.).  This 
means  that  the  plate  will  come  between  57,000  and  63,- 
000  lb.  tensile  strength  per  square  inch.  AVhile  the  rule< 
no  doubt  intended  having  the  average  tensile  strength 
about  57,000  lb.,  the  plate  actually  being  used  probably 
ranges  around  60,000  lb.  Steel  manufacturers  and  nearly 
all  authorities  acknowledge  that  material  of  50,000  or 
52,000  lb.  per  sq.in.,  would  be  better  and  that  boilers 
constructed  of  it  would  stand  the  same  presure  for  a 
given  thickness  more  safely. 

Preferably,  a  range  of  tensile  strength  from  50,000  to 
60,000  lb.  should  be  required  and  the  pressure  allowed  on 
the  lowest  tensile  strength,  or  on  the  average  tensile 
strength  of  the  range,  fixed  without  reference  to  tbe  ac- 
tual tested  strength  of  the  material. 

No  comments  are  offered  in  connection  with  the  rest  of 
this  section;  the  various  paragraphs  follow  the  standards 
prescribed  by  the  American  Society  for  Testing  Materials 
and  have  been  in  common  use  for  a  long  time. 

Sectiox   2 

Paragraphs  J,  and  '>,  which  deal  with  the  tensile 
strength  of  cast  steel  and  cast  iron  to  lie  used  for  super- 
heaters and  also  for  boiler  attachments,  specifying  the 
values  required  but  not  how  the  test  pieces  are  to  be  ob- 
tained ;  instructions  on  this  point  are  necessary  to  be  cer- 
tain of  results.  Limiting  the  pressure  on  boilers,  the 
headers,  drums  or  other  parts  of  which  are  made  of  cast 
iron,  to  150  lb.  as  specified  in  paragraphs  0  and  7,  is  wise. 

Paragraphs  10  and  11  specify  that  water-leg  and  door- 
frame rings  for  locomotive  and  vertical  fire-tube  boilers 
must  be  wrought  or  cast  steel.  As  there  is  no  danger 
from  using  cast  iron  for  such  parts  these  paragraphs 
seem  superfluous. 

Section  3 

Paragraph  2  of  this  section  deals  with  the  stamping  of 
boilers  at  the  place  of  manufacture;  some  provision 
should  be  made  for  correcting  improperly  stamped  boil- 


ers when  an  error  has  been  made  by  the  stamper.  Simple 
mistakes  in  stamping  have  brought  inspectors  and  the 
representatives  of  boiler  manufacturers  long  distances, 
merely  to  change  the  location  of  a  letter  or  to  change  a 
number  on  the  stamp. 

Paragraph  r>  concerns  the  location  of  stamps  on  boilers 
of  various  types.  The  rule  is  well  arranged,  but  could  be 
improved  in  two  respects.  Under  item  (c)  the  location 
of  stamps  lor  locomotive  and  Star  water-tube  I'oilers 
is  designated  as  on  the  furnace  end  and  above  the  hand- 
hole. 

These  boilers  may  have  more  than  one  handhole  on 
the  firebo.x  end,  and  then  the  boilermaker  does  not  know 
over  which  one  to  place  the  stamp.  It  would  be  better  if 
the  location  had  been  given  as  above  the  fire-door  and 
about  on  a  line  with  the  crown  sheet  and  above  the  hand- 
hole,  if  one  should  be  located  at  this  point. 

Under  (d)  the  location  for  the  stamping  is  designated 
for  vertical  tubular  and  submerged  tubular  boilers,  as 
on  the  sheet  above  the  furnace  door.  The  same  sugges- 
tion as  before  would  apjily  in  this  case,  and  the  instruc- 
tions would  apply  equally  well  to  any  of  the  types  men- 
tioned. The  reason  for  stamping  aliove  a  handhole  is 
that  leakage  is  liable  to  corrode  the  jilate  below  it  and  ob- 
literate the  stamp. 

Si:cri()V  4 

Scrliun  .'i  is  extremely  long  and  deals  with  many  parts 
of  boiler  construction.  Paragraphs  1,  J  and  3  deal  with 
the  calculation  of  the  shells  of  drums  which  are  pierced 
by  tube  holes,  and  the  same  critici:-m  seems  to  apply  as 
to  the  methods  to  be  used  in  calculating  the  efficiency  of 
riveted  joints.  The  mere  statement  that  the  strength  of 
the  ligament  between  the  tube  holes  must  be  taken  into 
account  in  calculating  the  strength  of  such  drums  would 
be  sufficient,  as  far  as  the  rule  is  concerned.  The  de- 
tailed description  of  how  to  determine  the  efficiency  of  the 
tube  ligaments,  should  be  given  in  an  appendix.  The  in- 
structions in  the  case  of  staggered  holes,  while  not  mathe- 
matically correct,  are  near  enough  for  all  practical  pur- 
poses and  avoid  involved  calculation. 

Paragraph  J,  deals  with  staying  head  •■  of  snuiU  boilers 
for  pressures  of  100  lb.  or  less,  with  angle-iron  stiffeners. 
Most  of  this  matter  preferably  should  be  in  an  appendix. 
The  strength  of  only  the  outstanding  leg  of  the  angle  i> 
considered  in  the  calculations.  This  is  justified,  since  it 
is  on  the  side  of  safety  and  simplifies  the  calculation. 
One  of  the  most  important  features  in  connection  with 
angle-iron  stiffeners  has  been  omitted,  i.e.,  how  the  ends 
of  the  angles  should  conie,  in  relation  to  the  turn  of  the 
flange  on  the  head. 

Lengths  are  given  for  angles  to  be  used  for  bracing  the 
heads  of  boilers  30  and  36  in.  in  diameter,  but  these  di- 
mensions would  not  answer  for  a  26-in.  or  34-in.  head. 
It  would  be  better  to  state  the  maximum  fiber  stress  to 
be  allowed  on  the  supporting  members  and  that  they 
must  come  well  up  on  the  turn  of  the  flange  of  the  head 
to  be  supported ;  or  better  still,  to  specify  the  size  and  I 
iiumber  of  angles  to  be  used  on  each  side  of  the  boiler 
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and  the  approximate  spacing  of  the  rivets  to  attach  the 
angles  to  the  heads.  Since  the  maximum  pressure  to  be 
used  on  boilers  braced  in  this  manner  is  limited  to  100 
lb.  and  the  range  of  sizes  to  be  covered  is  small,  no  diffi- 
culty should  be  experienced  in  treating  the  subject  iu  this 
manner  and  it  would  remove  the  necessity  of  placing  in 
the  book  beam  formulas  which  are  not  and  need  not  be 
understood  by  the  average  inspector. 

Paragraphs  5  and  6  deal  with  longitudinal  joints  and 
specify  that  on  boiler  shells  exceeding  36  in.  in  diameter, 
the}'  must  be  of  the  double-butt  strapped  type,  and  on 
boilers  36  in.  or  less  in  diameter,  for  pressures  not  ex- 
ceeding 100  lb.  the  lap  joint  may  be  used.  These  pro- 
visions are  all  good,  but  a  higher  factor  of  safety  should 
be  required  on  boilers  having  lap  joints.  The  fact  that 
the  diameter  of  the  boilers  is  small,  does  not  prevent 
the  formation  of  ]a])-joint  cracks,  in  fact,  a  small  cylin- 
der is  more  likely  to  be  out  of  true  at  the  seams  than  a 
large  one. 

Probably  there  are  not  more  explosions  due  to  lap 
cracks,  on  small-diameter  boilers,  on  account  of  the  short 
courses  producing  a  stiffer  structure.  An  increase  in  the 
safety  factor  would  likewise  insure  a  structure  of  greater 
stiffnes.s.  Limiting  the  pressure  on  lap-seam  boilers  to 
100  lb.  is  not  enougii  safeguard  for  some  of  the  most  dis- 
astrous explosions  have  occurred  at  pressures  below  this. 
It  might  be  thought  that  elimination  of  the  lap  scam 
would  remove  all  questions,  but  such  a  course  could 
hardly  be  justified.  Placing  double-butt  strapped  joints 
on  cylinders  of  small  diameter  is  sometimes  difficult  if 
not  impractical  and  the  facilities  for  fitting  in  some 
shops  are  such  that  the  lap  seam  is  probably  more  re- 
liable than  a  seam  of  the  butted  and  double-strapped  type. 

Paragraph  9  states  that  horizontal  return-tubular,  ver- 
tical tubular  and  locomotive  boilers,  cannot  have  a  con- 
tinuous longitudinal  seam  over  13  ft.  long.  Long  longi- 
tudinal seams  on  these  types  would  not  be  more  danger- 
ous than  on  otiier  boilers.  This  limitation  was  probably 
an  attempt  to  avoid  interference  with  the  standard  con- 
struction of  some  types  of  water-tube  boilers,  but  if  re- 
garded as  a  menace  to  safety,  long  seams  should  have  been 
])rohibited  on  ail  types,  since  the  rules  in  this  part  refer 
only  to  boilers  to  be  installed  after  the  passage  of  the 
law. 

Paragraph  JO  requires  tliat  the  thickness  of  the  plates 
in  the  siiells  of  drums  l)e  of  the  same  gage.  Tliis  does 
not  seem  a  necessary  rule  for  safety  and  interferes  with 
at  least  one  standard  make  of  water-tube  boiler. 

Paragraphs  11  and  12  give  the  minimum  thiiknesses 
of  plates  to  be  used  in  boilers.  Tiiis  is  a  good  rule  for  it 
18  necessary  to  prescribe  such  limits,  i.e.,  the  shells  must 
be  at  least  14  '"•  thick  and  for  diameters  over  36  in.  and 
including  51  in.,  the  thickness  must  lie  at  least  7^  in., 
above  54  in.  and  including  Tl  in.,  the  shell  must  be  % 
in.,  and  for  all  diameters  over  I'l  in.,  the  shell  must  be 
at  least  14  in.  This  range  of  minimum  thickness  is  con- 
servative and  re<.'ardless  of  the  jiressure  to  be  carried,  no 
boiler  should  be  built  of  material  of  less  thickness  than 
specified. 

Paragrajdi  1J,  states  that  butt  stra])s  are  to  be  rolled 
or  formed  to  the  ])roper  curvature,  on  forms  made  for 
the  purpose.  While  this  is  inijiortant.  it  is  much  more 
80  that  the  ends  of  the  shell  sheets,  where  the  longitudinal 
spams  are  to  come,  be  properly  formed.  Xothing  in  the 
rules  states  how  the  ends  of  the  sheets  at  the  joint  are  to 


1)6  formed.  Usually  the  rivet  holes  are  punched  for  the 
longitudinal  seam  and  then  the  plate  is  placed  between 
the  rolls  (turned  in  the  opposite  direction  from  the  one  in 
which  it  is  intended  to  be  rolled),  the  plate  is  then  sledged 
down  over  the  bottom  roll  along  the  line  of  the  longitu- 
dinal seam.  This  seriously  injures  the  metal  and  should 
be  prohibited.  It  should  be  required  that  the  ends  of 
the  plate  be  formed  under  a  press  to  the  proper  curvature. 
While  a  hydraulic  press  is  preferable,  the  work  could  be 
done  properly  under  a  screw  press,  hence  the  equipment 
cost  would  not  be  unreasonable  for  any  boiler  manufac- 
turer. 

Paragraph  l'>  on  the  minimum  thickness  of  tube  sheets, 
is  good,  but  this  thickness  should  depend  on  the  tube 
diameter  as  weU  as  the  boiler  diameter.  A  rule  should 
jire-scribe  the  minimum  space  to  be  allowed  between  the 
tube  holes  for  given  thicknesses  of  tube  sheets  and  diam- 
eters of  tubes. 

Paragraph  16  determines  the  thickness  for  bumped 
heads  and  copies  the  old  Government  rule  on  the  same 
subject.  The  formula  given  is  based  on  the  assumption 
that  a  portion  of  a  sphere  cut  oif  and  attached  to  the 
end  of  a  cylinder  will  behave  as  if  it  were  still  part  of 
the  original  sphere.  Practice  has  proved  this  is  a  fallacy 
and  a  new  rule  should  be  made  to  establish  the  thickness 
for  bumped  heads. 

Paragraph  21,  giving  a  table  of  maxii^ium  pitches  to 
be  allowed  for  staybolts  in  the  formula,  is  too  conserv- 
ative for  the  spacing  could  be  increased  safely.  The 
latter  part  of  this  paragraph  states  that,  when  hollow 
stays  are  used  having  holes  1/4  in.  or  over  in  diameter, 
the  pitch  of  the  bolts  may  be  increased  by  the  mean  diam- 
eter of  the  bolts.  This  rule  was  without  doubt  made  to 
avoid  conflict  with  the  construction  of  some  of  the 
existing  types  of  water-tube  boilers.  While,  with  a  given 
thickness  of  sheet,  larger  staybolts  could  be  safely  spaced 
farther  apart,  as  far  as  the  strength  of  the  sheet  is  con- 
cerned, the  size  of  the  hol3  in  the  bolt  could  have  no 
influence  on  the  proper  spacing.  Some  water-tube  boilers 
have  hand  holes  cut  in  one  of  the  .<tayed  members  and 
tube  holes  in  the  other,  and  it  has  been  demonstrate<l 
that  the  rules  are  over-conservative  as  applied  to  such 
construction.  A  logical  rule  to  cover  the  situation,  would 
be  better  than  an  arbitrary  one  without  reason. 

Paragraph  22  gives  an  arbitrary  rule  for  the  staying  of 
internal  furnaces  of  not  over  38  in.  diameter,  intended 
for  the  furnaces  of  small  vertical  tubular  boilers  and  is 
without  doubt  safe,  but  it  is  inconsistent,  in  that  the 
holding  power  of  the  staybolts  is  to  l)e  depended  on  con- 
siderably and  the  minimum  thickness  of  furnace  plates 
i.?  not  made  to  correspond  to  those  given  in  paragraph  1!>. 
wiiere  fV  in.  is  the  minimum. 

Tile  rules  are  not  comjilete  with  resjiect  to  furnaces, 
for  tiiey  give  no  formula  to  determine  the  strength  of 
Morrison  or  other  tyiics  of  self-su])porting  furnaces. 

Paragraph  2S  explicitly  explains  iiow  to  figure  the  area 
to  l)e  stayed  on  tlie  heads  of  iiorizontal  tubular  boilers, 
and  (lie  table  in  paragraph  29  gives  the  areas  to  be  stayed 
on  boilers  of  various  diameters  with  segments  of  varying 
height.  This  table  is  well  arranged  and  saves  boiler  in- 
spectors and  manufacturers  nuicli  work  besides  tending 
to  eliminate  mistakes. 

The  formula  in  paragraph  -iO,  for  determining  the  area 
to  be  stayed,  when  not  given  in  the  table,  is  simple  and 
suflicientiv  accurate  for  i)ractical  use.     A  defect  iu  the 
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law  is  the  faihire  to  fix  pressures  for  unbraced  boiler 
heads.  Many  boilers  in  the  state  do  not  comply  with 
the  law  as  it  now  reads  and  the  inspection  department 
has  been  compelled  to  overlook  violations.  Since  no  pro- 
visions have  been  made,  segments  over  5  in.  high  would 
have  to  be  braced  to  comply  strictly  with  the  rules,  this 
5  in.  being  made  up  of  the  '2-in.  allowance  from  the  tvibes 
and  the  ;5-in.  space  from  the  shell  of  the  boiler. 

Manv  horizontal  return-tubular  boilers,  of  consider- 
able size,  have  greater  distances  from  the  tubes  to  the 
shell  at  the  side  of  the  boiler  than  would  be  allowed  by 
a  limit  of  5  in.  and  braces  on  such  surfaces  would  de- 
crease the  safety  of  the  boiler.  Boilers  of  other  types  also 
necessarily  violate  this  part  of  the  rules.  Provision  .should 
l)e  made  to  permit  a  reasonable  pressure  on  the  segment 
of  a  head,  or  on  a  round  head,  without  requiring  braces ; 
a  formula  similar  to  Xicholls'  Eule  wonld  answer. 

Paragraph  SI  specifies  that  where  a  man-hole  ojien- 
ing  is  flanged  in,  to  a  depth  of  twice  the  thickness  of 
the  head,  an  area  2  in.  wide  all  around  the  man-hole 
opening  may  be  deducted  from  the  total  area  to  be 
braced.  This  rule  does  not  seem  to  be  logical  for  cutting 
a  manhole  in  the  head  of  a  large -boiler  cannot  change 
the  amount  of  bracing  required  to  safely  support  the 
head. 

Paragraph  32  is  not  clear  as  to  how  the  bracing  is  to  be 
attached  to  the  rear  head  of  the  boiler.  The  rule  states 
that  the  rear  ends  of  the  braces  are  to  be  attached  to 
the  rear  head  of  the  boiler,  but  it  is  not  feasible  to  at- 
tach these  ends  except  through  crowfeet  or  similar  do- 
vices,  the  questions  arise  a.s  to  how  far  apart  the  rivets 
shall  be  spaced  and  also  whether  the  spacing  of  the  braces 
or  of  the  rivets  which  attach  them  to  the  head  must 
conform  to  the  spacing  required  for  staybolts  on  flat  sur- 
faces. It  is  not  practical  to  space  braces  the  same  as 
stays,  although  the  surfaces  supported  must  be  considered 
staved  surfaces.  Some  rule  should  be  adopted  which 
would  overcome  this  difficulty. 

In  paragraph  35,  devoted  to  the  stress  per  square  iucli 
allowable  on  different  kinds  of  stays  and  staybolts,  unrea- 
sonable variations  are  allowed.  The  values  closely  follow 
such  allowances  as  are  given  in  the  Steamboat  Inspec- 
tion Rules.  There  is  no  reason  why  a  large  diameter 
brace  should  be  allowed  a  higher  stress  than  one  of  small 
diameter.  The  smaller  brace,  exposing  relatively  greater 
surface,  will  deteriorate  more  rapidly,  but  this  does  not 
warrant  the  difference  allowed,  especially  as-the  material 
of  the  smaller  brace  is  somewhat  stronger  than  that  of 
the  larger  one.  The  values  for  allowable  stresses  on  braces 
are  probably  too  conservative.  Those  given  for  the  larger 
braces  would  no  doubt  be  perfectly  safe  for  braces  of  all 
sizes. 


PIttsburKh  Smoke  Ordinance — A  new  ordinance  has  been 
passed  in  Pittsburgh,  the  enforcement  of  which  hinges  upon 
the  use  of  the  Ringlemann  chart.  The  new  measure  pro- 
vides penalties — fines  of  from  $10  to  $100,  or  imprisonment 
from  5  to  30  days,  for  each  violation — for  the  production  of 
smoke  equal  to  or  greater  in  density  than  scale  3  on  the 
chart.  The  restrictions  read  as  follows:  "The  production  or 
emission  within  the  city  of  smoke,  the  density  or  shade  of 
which  is  equal  to  or  greater  than  No.  3  of  the  Ringlemann 
chart,  from  any  stack,  except  that  of  a  locomotive  or  steam- 
boat, for  a  period  or  for  periods  aggregating  two  minutes 
or  more  in  any  period  of  15  min.,  and  the  emission  of  such 
smoke  from  any  locomotive  or  steamboat  for  a  period  or 
periods  aggregating  one  minute  or  more  in  any  period  of 
eight  minutes,  except  for  a  period  not  to  exceed  20  consecu- 
tive minutes,  not  to  exceed  once  a  day,  while  a  new  fire  is 
being   built    therein,   is   hereby   prohibited." 


A  scraper  to  be  used  on  the  countersunk  gasket  scat 
of  the  haudholes  in  the  forged-steel  water  legs  of  high- 
pressure  water-tube  boilers  is  shown  in  Figs.   1  and   '2. 


Fig.  1.     FnoxT  of  thk  Haxdholk  Scraper 


l>A(_'lv  OF   THE   SfKAPER 


The  tool  will  clean  the  gasket  seat  perfectly  in  from 
six  to  ten  seconds.  It  is  inserted  in  the  handhole,  just 
as  a  ])late  would  be,  and  the  little  lever  on  the  left  is 
moved  do\TOward  until  the  clutching  blades  take  hold 
and  fasten  the  tool  firmly  in  the  hole.  These  blades  have 
beveled  ends  grooved  to  prevent  them  from  slipping  and 
allow  the  body  of  the  tool  to  teeter  while  in  operation. 
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The  beveled  ends  cause  the  scrajjing  blades  to  be  pressed 
evenly  against  the  gasket  seat.  As  the  tool  is  turned  in 
the  hole,  it  becomes  loose  or  relaxed.  This  means  that 
the  gasket  seat  has  been  partially  cleaned,  and  it  is  nec- 
essary to  move  the  chucking  lever  farther  downward.  If 
necessary,  this  movement  is  repeated  a  third  time,  as 
the  tool  is  revolved  in  the  hole,  and  when  the  lever  has 
been  moved  to  the  stopping  point  downward  and  the  tool 
turns  easily,  it  will  be  known  that  the  gasket  seat  is 
clean.  Under  ordinary  conditions,  five  or  si.x  turns  of 
the  scraper  to  the  right  will  be  sufficient. 

There  is  a  coiled  impression  spring  in  the  collai-  of 
the  tool,  shown  just  above  the  body,  which  regulates  the 
pressure  of  the  scra]iing  blades  on  the  gasket  seat.    Tlu'se 


blades  are  so  constructed  that  they  have  a  "lead"  or 
shearing  movement  over  the  gasket  seat,  which  tends  to 
prevent  cliattering. 

The  four  flat  springs  shown  on  the  outer  edge  are  for 
centering  the  tool.  The  spider  carrying  the  scraping 
blades  is  so  fastened  to  the  handle  that  movement  sim- 
ilar to  a  universal  joint  is  obtained.  This  assui-es  an 
even  seating  of  the  Ijlades  upon  the  gasket  seat.  There 
is  a  thin,  spring-acting  disk  between  the  spider  and  the 
body  of  the  tool  which  keeps  the  dirt  and  scrapings  out 
of  the  working  parts,  as  well  as  permitting  an  automatic 
takeup  for  wear  on  the  blades.  The  tool  is  made  by  the 
Universal  Handhole  Scraper  Co.,  32G  West  Madison  St., 
Chicago. 
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By  OsHOU.N    iloXNETTJ 


SYNOPtSIS — Typical  designs  nf  sdiii-e.riension  furnaces 
for  horizontal  ivater-tuhe  boilers  burning  wood  refuse, 
for  horizontal  boilers  vertically  baffled  and  for  vertical 
boilers. 

Se.mi-E.\tknsi()\    FriiXACES 
With  boilers  having  l(j-ft.  tubes  where  it  is  desired  to 
bum  a  large  amount  of  wood  refuse,  it  is  difficult  to  in- 
stall a  hand-fired  furnace  which  will  give  a  satisfactory 


eifect  not  obtained  in  the  flush-front  settings  shown  in 
the  last  article.  It  is  not  advisable,  however,  to  use  this 
setting  where  any  considerable  quantity  of  coal  is  to  be 
burned,  as  almost  invariably  the  setting  will  smoke  when 
burning  coal  alone. 

Fig.  7  shows  a  semi-extension  furnace  with  a  deflection 
arch,  adapted  to  an  Atlas  boiler.  In  this  particular  set- 
ting it  was  found  that  \\'it]i  box  tile  o^•er  the  bridge-wall 
the  temperature  was  too  high  for  good  results,  so  that 


HALF   SECTION  A-A       HALF   SECTION  BB 


A  B 

LONGITUDINAL   SECTION 

FlCi.    7.       Sk.MI-KxTKNSIDN     FiMNACE    I'NDKI!    .\ti..\S   WATEIt-TuiiE  BOII.KU 


atio  of  grate  surface  to  beating  surface,  for  the  rea- 
On  that  when  the  furnace  is  installed  it  will  be  found 
hat  tlie  opening  into  the  bank  of  tubes  is  restricted,  [t 
3  desirable  here  to  install  a  aemi-extension,  dutdi-oven 
lace  which  will  dispose  of  an  enormous  quantity  of 
'Ood  refuse  and  allow  a  large  grate  surface  to  be  in- 
tailed  where  large  capacities  must  be  nblained  from 
ie  equipment.  This  type  of  furnace  is  es])ecially  <lc- 
rnblc  where  the  wood  refuse  is  wet  as  it  gives  an  igniting 

•'  opy righted.   1914,  by  Osborn  Mnnnett. 
'.-^inoke    Inspector.   City   of   Chicago. 


half  of  the  box  tile  was  removed,  leaving  the  tube  surface 
in  the  front  half  of  this  zone  bare  to  the  fire.  This  had 
a  steadying  effect  on  the  water  level  in  the  boiler  and  in- 
creased heal  absor])tion  with  a  corresponding  decrease  in 
the  temperature  of  the  brickwork.  ,\  deflection  nicli  in 
two  spans  is  installed  .'36  in.  behind  the  bridge-wall  anil 
two  13-in.  piers  are  placed  on  the  bridge-wall  o|ipositc 
the  spans  in  the  arches.  The  gas  passes  through  the 
bank  of  tubes  in  three  sweeps,  as  will  be  apparent  in  the 
drawing,  |)assing  thence  along  the  sujierlicating  tubes 
to  till'  iipfakc.     'i'liis  setting  is  for  a  S-'iO-hji.  boiler  and 
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the  extension  from  the  front  header  measures  (!  ft.  over 
all. 

Fig.  S  shows  another  semi-extensiou  dnteh-oven  fur- 
nace for  burning  wood  refuse  exclusively.  All  essential 
dimensions  of  the  setting  are  shown  on  the  drawing.     In 


3-399-Hp  Heine  Boilers 
2  -36'x  18-6 '  Drums.4 -a'Centers 
231-3-j"Tobes 
7  Rows  of  17  Tubes 
7  Rows  of  16  Tubes    ^    ^ 
Grate  Surface, 7x8-6  -595  Sq.Ft 
Area  over  BricJgewcill-  28  5  Sq.Ft. 
Area  under  Arch  ■=  30  Sq.Ft 
Are  through  First  Fbss  =  38.  Sq.  Ft 


Area  through  Second  ftiss-40.37Sq  Ft 
Area  onoond  Drums  at  Uptake  31.5  Sq.Ft 
Area  of  Bnseching  atNo.t.Boiler6x8U85q.F) 
Area  of  Breeching  at5tack4'xl2'=48'Sq.rt 
Area  of  Damper  is  18  Sq.  Ft 
Area  of  Stack  is  70  88  Sq  Ft 
Stack  9-6"Diam  x I50'  High 
Fuel  Wood 
Feed  by  Chute 


toni  of  the  front  header  to  the  floor  line.  To  get  the 
jjroper  areas  it  was  necessary  to  e.xcavate  in  the  combus- 
tion chamber. 

One  of  the  most  important  considerations  in  operating 
these  furnaces  is  air  admission.  Shavings  must  be  sup- 
plied with  large  volumes  of  air  from  the  top  if  they  ai'e 
to  be  consumed  without  smoke,  so  that  special  attention 

l-264-Hp.  B.SiW. Boiler,  Hand  Fired  Area  of  Fifth  Pass  8x3-6"=  28  Sq. Ft. 

Drums  2  (3'x20'),4'  Centers  Damper  8x3  =  24  Sq.Ft 

i26-4"x  18'Tubes,  WWide^^9  High  Breeching  Area  4x3'=  IZSq.Ft 

Grate  Surface,  7-8"x7-0"Long^  Breeching  at  Stack  6'x3-l8Sq.Ft 

Area  wer  Bridgewa  1 1  8'Wide  x  2  '=  16  Sq.  Ft  Stac  k  Area  '  9.62  Sq.  Ft 

Under  Arch  3(54x23  >27  Sq.Ft  Stack  42"Diam  x  100' 

Areaof  First  Pass  8'x4'-6'=365q.F+.  Fuel- Coal- Wood 

Area  of  Second  Pass8x5^=  44  Sq.  Ft  Wood  Chute  Fed 

Area  of  Third  Pass  8'x4'9"-38  Sq  Ft  Sewell  Setting 

Area  of  Fourth  Ftiss8'xl-10'=W6SqFt. 


Heine  Boilkk  with  Semi-Exten81ux  Wood- 
RiRXiNc;  Furnace 

this  case  the  box  tile  is  carried  com])letely  over  the  bridge- 
wall  and  the  gas  pass  is  of  the  standard  Heine  type.  Tt 
will  be  noticed  that  the  height  from  the  floor  line  to  the 
front  header  is  ?  ft.  and  that  the  chute  feeds  through 
the  top  of  the  arch.  Also,  the  grates  are  pitched  12  in. 
at  the  bridge-wall,  giving  an  unusually  high  bridge-wall 
and  causing  the  gases  to  pass  upward  against  the  box 
tile  before  being  directed  against  the  deflection  arch.  This 
tends  to  prevent  smoke  formation  as  the  gases  and  the 
air  are  thoroughly  mixed. 

Fig.  9  shows  another  semi-extension  setting  in  which 
the  bridge-wall  is  set  a  considerable  distance  under  the 


Fui.  i).     B.  &.  W.  BoiLLK  WITH  Sewall  Baffle  and  Ke- 

FrSE-BURNING  FURNACE 

must  he  given  to  1lio  admission  of  air  through  the  panels 
after  firing.  If  the  fuel  is  fed  with  scoops  it  is  frequently 
necessary  to  run  with  the  doors  practically  wide  open, 
where  the  fire  is  charged  frequently,  as  it  is  impossible 
to  get  sufficient  air  through  the  grates  to  consume  the 
fuel  without  smoke. 


Fid.  10.     Stii!Lin<!  Boiler  with  Hand-Fired  Dutch-Oven- Furnace 


boiler  and  the  extension  is  brought  down  to  a  niiuimum. 
This  construction  decreases  the  floor  space  occupied  and 
lowers  the  first  cost  as  well  as  the  maintenance.  The 
boiler  is  of  the  Babcock  &  Wilcox  type  and  is  provided 
with  Sewell  baffling.     It  is  onlv  6  ft.  0  in.  from  the  bot- 


VVhere  the  fuel  is  cliiitc  fed  the  excess  air  being  dis- 
charged through  the  blower  system  aids  materially  in 
running  smokelessly.  However,  there  will  be  times  when 
the  furnace  will  be  practically  full  of  fuel,  and  at  such 
times  it  will  b.  necessary  to  open  the  doors  wide.     Where 
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the  quantity  of  fuel  is  excessive  it  has  in  one  or  two  in- 
stances been  found  advantageous  to  make  a  couple  of 
square  openings  in  the  top  arch  near  the  front  of  the 
furnace  through  which  excess  air  is  supplied  at  all  times. 
This  expedient  has  been  applied  with  success  to  some 
chronic  smokers  burning  wood  refuse.  These  unusual 
measures  may  seem  to  be  inadvisable  from  the  standpoint 
of  economy,  but  where  smoke  is  a  ]3rime  consideration, 
it  may  be  sometimes  necessary  to  adopt  them,  as  wood 
refuse  and  shavings  form  one  of  the  most  difficult  fuels 
to  burn  smokelessly. 

«-300+lp  A  at!  Boilers, Hand  Fired  Area  over  Bndgewoll  9'Kl5"-9,'Sprmg.l5  75SqFt 

2-3-6  xZ3-5"Drum5  Area  under  Arch  3-(3'9'x2-S'-3"Spring).29Sq  Ft. 

W4Tube5,S'High-l6Wide  Area  of  First  Pass  4'6»9-8-l927Sq.Ft(Actual) 

Grates  7  Long  x 9'Wide  =  63 Sq  Ft  Area  of  Second  Pass  4'x9'8-  15.6  Sq.Ft.      " 

Area  of  Stack  50.25  Sq  Ft.  Area  of  Third    Pass    4'x9-8''l5.6  Sq.Ft        " 

Stock  8'DicJm.x  175' High  Area  of  Damper  3-6'i3'-6"' 12.25  Sq  Ft 
Fuel-Shavings,Chute  Fed     ^ 

i 


Fiu.  11.     ArLTiiAx  &  Tayldi!  Boiler  Vertically 

Passed  axd  Equipped  with  Wood-Kefuse- 

BuRNiNG  Furnace 


passing  this  point.  This  will  also  increase  the  life  of  the 
brickwork.  The  ordinary  ratios  of  gas  passes  to  grate 
surface  previously  given  will  hokl  up  to  150  per  cent, 
of  rating.     Above  this,  increase  them  proportionately. 

Vertical  Boilers 

Fig.  10  shows  a  typical  furnace  for  a  Stirling  or  any 
other  boiler  wliich  does  not  lend  itself  to  tlie  horizontal 
gas  pass,  such  as  the  Erie  City  vertical,  the  Milne,,  Hogan, 
Rust,  Wickes  vertical,  etc.  The  unit  is  rated  at  185  hp. 
The  extension  is  5  ft.  3  in.  and  the  height  of  the  dutch 
oven  7  ft.  8  in.  The  ratio  of  grate  to  heating  surface  is 
1  to  45.    The  deflection  arch  is  made  in  two  spans. 

It  is  easy  to  make  a  mistake  in  a  setting  of  this  type. 
If  any  restriction  occurs  in  the  baffling  of  the  tubes, 
under  the  deflection  arch,  or  in  the  zone  back  of  the 
bridge-wall,  or  if  the  stack  is  not  of  sufficient  height  to 
give  ample  draft,  the  heat  will  be  "liottled"  in  the  fur- 
nace and  radiated  out  into  the  boiler  room ;  the  brickw'ork 
will  not  stand  the  temperature  and  the  capacity  will  not 
be  obtained. 

The  best  coal  to  burn  in  this  furnace  is  a  clean  3x6-in. 
egg,  as  it  takes  longer  to  distill  the  gas  out  of  coal  of  this 
size.  A  smaller  coal  that  gives  up  its  volatile  too  rapidly 
would  not  be  satisfactory,  owing  to  the  intense  heat  forc- 
ing the  gas  out  in  putfs  that  could  not  be  controlled. 

Horizontal  Boilers  Vertically'  Passed 

Wlien  speaking  of  the  application  of  hand-fired  fur- 
naces to  water-tube  boilers,  it  is  natural  to  inquire  what 
will  be  the  possibilities  when  using  the  standard  vertical 
gas  passes  on  boilers  of  the  horizontal  type.  This  setting, 
while  common  throughout  the  country,  is  one  which  does 
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Fig.  VI.     Eixje  Moor  Verticatxy  Passed  Hoilei;  with  Wood-Pekuse-Burnino  Furnace 


On  the  other  liand,  it  must  he  a<lriiit(('(l  that  this  fuel 
is  only  a  waste  jiroduct  in  any  event,  and  if  the  efficiency 
falls  off  a  trifle,  duo  to  excess  air,  the  acfual  financial 
loss  is  slight.  .\s  a  matter  of  fact,  the  capacities  can  be 
high  provided  the  draft  is  sufficient.  .\  500-hp.  boiler 
using  a  furnace  similar  to  the  foregoing  has  'iccn  run 
continuously  at  800  h[).  without  smoke. 

Wli(,'n  designing  a  wood-refuse-burning  furnace  it  is 
of  iini)ortMnce  to  know  ajjproximately  at  what  capacity 
the  unit  will  be  run.  If  the  capacity  goes  up  over  1-50 
per  cent,  of  rating,  it  will  be  necessary  to  supply  more 
area  between  the  back  of  the  bridge-wall  and  tiie  de- 
flection arch  to  take  care  of  the  lary-c  volume  of  gases 


not  lend  itself  to  smokeless  operation.  The  flame  travel 
is  short  and  the  damjiening  effect  of  the  tubes  in  the  first 
pass  is  such  that  complete  combustion  is  not  obtained. 
Moreover,  it  is  practically  impossible  to  modify  the  hand- 
fired  type  of  furnace  using  the  vertical  pass  and  get  a 
satisfactoi-y  installation  from  all  standpoints.  The  or- 
dinary dutch-oven  furnace  as  applied  to  the  vertical-pass 
boiler  does  not  provide  sufficient  flame  travel  and  gas 
mixture  to  be  considered  successful  under  a  strict  smoke 
ordinance.  If  the  dutch  oven  is  extended  sufficiently  to 
get  flame  travel  and  deflection,  the  inslallation  becomes 
unwieldly  and  expensive  from  the  standpoint  of  floor 
space  occupied,  first  cost  and  maintenance.     For  the  or- 
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diiiary  power  load  when  burning  coal,  it  has  been  found 
practically  impossible  to  use  this  kind  of  baffling  with 
hand-fired  furnaces. 

There  have  been  a  few  chute-fed  wood-refuse  furnaces 
installed  in  connection  with  the  vertical  baffle  which 
are  giving  good  results,  but  ordinarily  such  an  installa- 
tion could  only  be  made  when  building  new  and  where 
floor  space  is  unlimited.  Fig.  11  shows  this  kind  of  a 
furnace  which  is  run  at  high  capacity  and  is  satisfactory 
from  the  smoke  standpoint;  the  maintenance  item,  how- 
ever, is  high.  The  setting  is  applied  to  a  30ft-hp.  Ault- 
nian  &  Taylor  boiler  and  the  total  extension  is  9  ft.  6  in. 
from  the  front  flue  caps.  The  floor  was  excavated  con- 
siderably to  get  the  furnace  in  under  the  front  header 
and  the  deflection  arch  was  installed  as  in  the  original 
design  of  hand-fired  furnaces.  The  deflection  arch  is  in 
two  spans  and  there  is  ample  space  between  the  deflec- 
tion arch  and  the  first  baffle  wall  for  the  gases  to  enter 
the  heating  surface.  The  furnace  is  chute  fed  and  burns 
shavings  with  success  up  to  a  rate  of  120  lb.  per  sq.ft. 
of  grate  surface  per  hour.  The  furnace  could  not  be 
recommended  for  the  use  of  coal  exclusively. 

Another  setting  with  a  13-ft.  extension  applied  to  an 
Edge  Moor  boiler  is  shown  in  Fig.  12.  This  was  installed 
new,  and  ample  floor  space  was  provided  for  the  fur- 
naces as  well  as  head  room  under  the  front  header.  The 
firing  doors  are  suspended  by  counterweights  and  offer 
ample  provision  for  admitting  excess  air  in  times  of 
emergency.  Such  furnaces  when  properly  handled  will 
rim  smokelessly,  liut  the  slightest  carelessness  -will  cause 
them  to  smoke  badly.  At  best,  they  need  careful  watch- 
ing at  all  times. 


inlet  to  the  outlet  port,  adjusting  the  openiug  at  A  to 
that  required  to  supply  the  water  as  fast  as  it  is  evap- 
orated. By  turning  the  handwheel  B  to  the  right,  the 
valve  may  be  pushed  open  positively  in  case  of  necessity, 
or  its  freedom  tested. 

At  full  load,  when  the  valve  is  wide  open,  the  water 
level  will  be  about  2i/o  in.  lower  than  when  the  valve  is 
just  opening,  which  is  an  advantage,  giving  a  large  body 
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The  use  of  the  steam-flow  meter  has  brought  to  notice 
the  surprising  variation  in  the  rate  of  steaming  of  in- 
dividual boilers.  A  boiler  supposed  to  he  running  at  a 
given  capacity  would  be  shown  by  the  diagram  from  the 
meter  to  be  running  at  times  at  twice  its  average  ca- 
pacity, while  at  other  times  its  output  would  he  prac- 
tically stopped. 

The  method  of  introducing  tlie  feed  water  has  much 
to  do  with  the  rate  of  steaming,  as  may  he  appreciated 
when  the  effect  of  pouring  a  dipperful  of  cool  water  into 
a  boiling  kettle  is  considered.  If  the  wat^r  is  dribbled 
in  only  fast  enough  to  replace  that  evapora'ted.  the  steam- 
ing will  go  on  at  a  uniform  rate,  while  if  the  replenish- 
ing is  done  by  the  dipperfid  the  boiling  will  be  inter- 
mittent. Aside  from  its  effect  upon  the  steaming,  abrupt 
changes  in  the  rate  of  feeding  are  not  conducive  to  good 
results  with  water  meters,  especially  of  the  Venturi  or 
]ntot-tube  type. 

In  view  of  these  facts,  particular  interest  attaches  to 
a  feed-water  regulator  which  will  maintain  an  approxi- 
mately constant  water  level  by  regulating  the  rate  of 
flow  rather  than  by  admitting  the  feed  intermittently. 
Such  a  regulator,  invented  by  Frederick  L.  Ray,  and 
manufactured  by  the  Ray  Manufacturing  Co.,  of  1035 
Edwards  Ave..  Louisville,  Ky.,  is  shown  in  Fig.  1. 

A  piston  valve,  operated  by  the  float  in  an  obvious 
manner,  controls  the  passage  of  the  feed  water  from  the 
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Fig.  2.     Charts  CoMPAI!I^'G  Intermittent  ani>  Con- 
TiNuous  Feed 

of  heated  water  to  draw  upon  at  the  time  of  greatest 
demand.  When  the  load  is  light,  the  water  level  rises, 
and  a  considerable  amotmt  of  extra  water  is  heated  up 
ready  for  increasing  demand. 

The  float  chamber  is  fitted  with  gage  cocks  and  water 
glass,  thus  serving  as  a  water  column,  and  may  be  fitted 
with  high-  and  low-water  alarms  if  desired.  Fig.  3 
shows  diagrams  from  the  same  boiler  when  controlled  by 
regulatoi's  of  the  continuous-  and  intermittent-flow  type. 


To  Rppair  Small  Leaks  in  Lead  Pipes,  place  the  point  of  a 
dull  tool  or  nail  over  the  leak,  sive  it  a  gentle  tap  with  a 
hammer  and  the  flow  will  cease. 
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Eiaspec^IcDiira  IL^^y^s 

With  September  the  annual  struggle  for  legislation 
which  shall  reduce  the  loss  of  life  and  property  from 
boiler  and  other  power-plant  accidents  will  begin  under 
perhaps  the  most  auspicious  circumstances  and  with  more 
numerous  and  potent  influences  operatina  in  its  favor 
than  ever  before. 

On  the  first  three  days  of  the  month  the  annual  con- 
vention of  the  American  Boiler  Manufacturers'  Associa- 
tion is  to  be  held  in  New  York.  Wednesday  will  be  de- 
voted to  a  discussion  of  boiler  legislation  and  uniform 
specifications.  The  Association  is  committed  to  the  fur- 
therance of  uniform  inspection  laws,  the  members  are 
interested  in  having  such  laws  right,  and  there  is  little 
doubt  that  the  discussion  of  such  laws  will  be  an  impor- 
tant feature  of  the  meeting. 

During  the  second  week  the  annual  convention  of  the 
National  Association  of  Stationary  Engineers  will  be  held 
in  Milwaukee.  This  association,  through  a  national  com- 
mittee and  various  local  organizations,  is  working  for  the 
passage  of  laws  providing  for  the  examination  andlicens- 
ing  of  engineers.  The  report  of  the  national  committee, 
the  discussion  of  results  accomplished  and  the  planning 
and  providing  for  the  work  of  the  coming  year  should  be 
helpful  and  inspiring.  An  organization  of  upward  of 
twenty  thousand  men,  even  if  they  are  scattered  over 
forty  odd  states,  ought  to  have  some  weight  with  the 
lawmakers  if  their  influence  is  properly  directed. 

And  then  on  the  fifteenth  there  is  to  be  held  in  the 
Engineering  Societies  Building  in  Xew  York,  under  the 
auspices  of  a  committee  of  the  American  Society  of  Me- 
chanical Engineers,  a  hearing  upon  the  form  of  law  and 
code  of  boiler  rules,  which  that  committee  recommends 
for  universal  adoption.  The  law  properly  provides  for 
inspecting  the  jiersonnel  as  well  as  the  apparatus,  for 
the  best  boiler  ever  made  can  be  exploded  by  a  careless 
•or  ignorant  attendant,  and  the  better  the  boiler  the 
more  disastrous  is  the  e.xplosion  liable  to  be.  The  ac- 
knowledgement by  a  great  national  professional  society 
like  the  Mechanical  Engineers  tiiat  tiie  necessity  for 
such  legislation  exi.sts  ought  to  insure  intelligent  atten- 
tion to  the  measures,  based  upon  the  committee's  re- 
port, which  will  be  submitted  to  the  various  legislatures 
during  the  coming  winter;  and  once  the  necessity  or  de- 
sirability of  such  legislation  is  admitted,  the  argument 
for  the  adoption  of  a  uniform  law  which  embodies  the 
concrete  wisdom  of  the  best  engineers  and  specialists 
•of  the  country  appears  to  i)e  invincililc 

For  over  thirty  years  I'owkii  has  been  urging  the  pa-s- 
sage  of  such  laws  not  only  in  its  columns  but  by  arg\i- 
ment  before  legislative  committees,  apjx'als  to  influential 
employers  and  other  activities.  Progress  has  be/'ii  slow. 
The  ''Let  us  alone"  policy  has  |)revailcil  because  those 
who  wanted  to  be  let  alone  had  a  bigger  band  in  tlir  mak- 
ing and  operating  of   legislatures   than    did    the    public 


>» N mil uiiiiiiiiii iiiiininii iiiiiiiiiiiiiiiiiigiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiii iiiniiiiiiiiiiiiiiniimiiiiiiiiiiinuiiiiiliiiiiiiiii 11 


whose  safety  was  involved.  But  with  a  growing  recogni- 
tion of  the  importance  of  industrial  losses,  with  all  the 
significance  attached  to  the  slogan  Safety  First  and  with 
such  sponsors  as  those  above  mentioned,  American  leg- 
islation   for  this   jnirpose  must  come   eventually   if  late. 

:*: 
Suaper^asIcDia   of   ScfciooS  Meatasag 

The  board  of  education  of  Xew  York  City  is  consid- 
ering the  advisability  of  placing  engineering  matters  con- 
nected with  public-school  buildings  under  the  direction  of 
an  engineering  bureau,  as  mentioned  on  page  326.  Inas- 
much as  the  legislatures  of  most  of  the  states  have  made 
it  mandatory  on  school  authorities  to  provide  adequate  fa- 
cilities for  heating  and  ventilating  this  class  of  public 
iiuildings,  it  may  surprise  the  average  layman  to  learn 
that  the  equipping  and  operating  of  these  important  engi- 
neering features  of  school  buildings  of  the  metropolis, 
instead  of  being  supervised  and  controlled  by  trained  and 
experienced  heating  and  ventilating  engineers,  are  under 
the  authority  and  direction  of  architects  acting  as  deputy 
superintendents  of  school  buildings  of  the  five  boroughs. 

This  way  of  conducting  so  important  a  branch  of  school 
work  seems  to  be  a  relic  of  the  days  when  the  highest 
aims  of  schoolhouse  construction  were  satisfied  by  artistic 
design  and  ample  seating  capacity  and  when  the  profes- 
sion of  heating  and  ventilating  w'as  unknown.  Few  archi- 
tects, however,  who  are  entrusted  with  the  construction  of 
buildings  wherein  these  features  are  of  serious  importance, 
feel  qualified  to  work  out  their  problems  without  the 
guidance  of  specialists.  Even  then,  too  often,  the  opera- 
tive appointments  are  made  to  .«o  far  subserve  architec- 
tural impressions  that  small  opportunity  is  afforded  the 
heating  and  ventilating  engineer  to  design  a  .system  that 
can  be  operated  with  certainty  and  efficieniy. 

Xo  matter  how  creditable  the  design,  a  heating  and 
ventilating  apparatus  cannot  take  care  of  itself.  Time 
and  again,  good  designs  have  been  condemned  for  want  of 
expcT't  supervision ;  numerous  ventilating  systems  of  hos- 
pitals, schools,  and  other  public  buildings  have  been  pro- 
nounced failures  where  ample  provisions  had  been  made 
for  ideal  atnK)s])heric  conditions.  In  nearly  every  in- 
stance failure  was  due  to  subsequent  architectural  limita- 
tions or  an  absence  of  skillful  technical  guidance  in  their 
o])eration. 

The  ])robIem  confronting  engineers  has  been  to  pro- 
vide systems  that  could  not  be  abused  rather  than  those 
capable  of  the  most  successful  operation.  If  managers  of 
schools  wish  a  fair  return  for  their  investment  in  heat- 
ing and  ventilating  ai)|)aratus,  the  least  they  can  provide 
is  cx])ert  supervision,  ami  tliey  should  take  that  intelli- 
gent view  of  the  situation  which  it  is  believed  the  board 
of  education  of  Xew  York  City  will  take  in  placing  the 
heating  and  ventilating  of  school  buildings  in  all  branches 
of  design  and  operation  under  (he  supervision  and  control 
of  a  heating  and  ventilating  bureau. 
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Is  all  knowledge  gained  from  books  merely  theoretical 
knowledge?  Many  of  the  questioning  remarks  heard  in 
the  nooks  and  crannies  of  the  industrial  world  about  the 
value  of  theoretical  knowledge  in  the  power  plant,  lead 
one  to  suspect  the  existence  of  a  more  or  less  widespread 
misunderstanding  on  this  point.  A  power-plant  engineer 
speaks  with  apparent  pride  of  having  got  by  experience 
all  his  knowledge  of  power  plants  and  their  operation 
and  speaks  slightingly  of  the  knowledge  another  man 
professes  to  have  gained  by  the  reading  and  study  of 
books.  His  own  he  calls  "practical"  knowledge,  the  other 
man's  he  calls  "theoretical"  knowledge,  if  indeed  he  ad- 
mits that  it  is  knowledge.  Let  us  take  a  look  into  this 
question  from  another  viewpoint. 

The  North  American  Indian  bothered  his  head  very 
little  about  what  we  sometimes  call  "theories."  When 
he  and  his  squaw  and  papoose  needed  shelter,  he  set  up 
a  few  poles  of  various  lengths  in  such  a  manner  as  to 
form  a  cone-shaped  frame  (although  perhaps  he  did  not 
try  to  coin  a  word  to  describe  the  shape),  and  then 
without  yardstick  or  rule,  or  without  making  any  at- 
tempt to  calculate  the  number  of  pelts  required,  the  red 
man  used  his  bow  and  arrows  on  the  beasts  of  the  forest 
until  he  had  bagged  enougli  of  their  skins  to  cover  the 
frame  of  his  wigwam.  With  no  thought  or  care  about 
measurements  or  proportions  this  primitive  man  builds  a 
house  which  has  dimensions — height,  diameter,  circum- 
ference— builds  it  on  such  lines  as  to  make  sure  it  will 
shed  rain  and  emit  the  smoke  from  his  fire  through  an 
opening  in  the  top.  It  was,  after  all,  then,  built  accord- 
ing to  a  "t,heory,"  even  though  that  theory  had  never 
been  recorded  in  rude  characters  on  birch  bark,  but  had 
been  handed  down  in  the  traditions  of  his  tribe.  Only 
among  men  of  more  highly  developed  mental  faculties, 
who  construct  larger  and  more  elaborately  finished  dwell- 
ings than  did  the  Indian,  do  we  find  the  work  of  con- 
struction carried  on  in  accordance  with  certain  laws  re- 
garding proportion,  protection  from  weather,  heating 
and  ventilation,  convenience,  acoustics,  etc.  (And  per- 
haps somewhere  in  the  woods  we  might  find  "practical" 
builders  who  would  call  these  laws  and  principles  "theo- 
ries.") 

And  during  the  centuries  that  intelligent  men  have 
been  building  houses,  so  many  good  ideas  and  valuable 
facts  about  building  for  better  service  have  been  dis- 
covered that  no  one  man  can  remember  them  all,  or  hand 
them  down  safely  by  the  mouth-to-ear  plan.  Hence, 
builders  have  set  down  in  writing  what  they  discovered 
or  learned  by  experience,  and  this  information  has  been 
gathered  and  published  in  book  form.  As  each  new  gen- 
eration of  builders  grows  up  and  begins  work,  the  wiser 
men  among  them  read  these  books,  get  from  them,  in 
three  or  four  years,  practically  all  their  forefathers  knew 
about  the  subject,  and  then  start  in  about  where  the  men 
of  the  former  generation  left  oS  in  the  art  of  building. 
Of  course,  some  of  the  beginners  push  aside  this  "l)ook 
knowledge,"  because  they  consider  it  "theoretical"  and 
"impractical."  These  men  refuse  to  profit  by  the  exper- 
ience of  their  forefathers  and  in  consequence  build  less 
desirable  houses  than  did  their  fathers.  If  you  want 
proof,  Just  look  around  any  community  and  see  how 
many  badly  designed  and  poorly  constructed  houses 
there  are,   and  how  few  well   designed   and  well   built. 


What  many  men  call  "theories"  about  building  are  sim- 
])ly  statements  of  the  laws  or  rules  that  builders  have 
found  it  well  to  observe  in  the  construction  of  houses. 
The  "theories"  are  based  upon  "practice." 

The  same  principle  and  rule  apply  to  engineering. 
All  that  is  written  above  about  learning  to  build  houses 
better  by  reading  books  on  building  houses  is  equally 
true  of  power-plant  engineering.  The  engineer  is  not 
wasting  time — ^he  is  saving  time — by  reading  books  on 
his  branch  of  work,  provided  he  selects  the  right  books. 
Some  men  have  failed  to  recognize  the  difference  in 
books.  It  is  true  that  some  books  are  mere  efforts  to  ex- 
pound hypotheses.  But  other  books  are  accurate  records 
of  actual  experiences  and  demonstrated  facts.  These 
last-mentioned  books  are  not  theoretical,  in  the  strict 
sense  of  that  word.  They  are  intensely  practical.  The 
trouble  is  that  we  have  got  into  the  habit  of  classing  as 
"theoretical"  whatever  is  written.  This  is  a  mistake. 
The  thing  that  drove  some  men  to  writing  books  was  the 
discovery  of  many  facts — multitudes  of  facts — so  many 
facts  that  no  man  could  remember  them  all  and  hand 
them  on  to  other  men  by  word  of  mouth.  Books  written 
for  the  purpose  of  recording  and  conveying  such  inform- 
ation are  not  merely  theoretical  and  should  not  be  dis- 
counted. They  are  authentic  records  of  past  practical  ex- 
perience and  discovery  by  experiment.  They  should  be 
read  and  duly  credited.  They  form  the  bridge  over  the 
chasm  of  doubt  on  their  subjects.  They  provide  the 
true  "short  cut"  from  ignorance  to  practical  and  work- 
able knowledge.  They  place  the  reader  years  in  advance 
of  his  fellows  who  tie  themselves  to  their  own  experience 
or  observation  for  getting  knowledge.  They  provide  a 
groundwork  for  real  experience  that  is  truly  useful  and 
valuable.  They  give  us  the  chance  to  avail  ourselves  of 
the  accumulated  knowledge  of  the  pa.st  generations. 
They  enable  us  to  profit  by  and  to  enjoy  the  fruits  of  our 
forefathers'  labor. 

Let  us  get  straight  this  question  of  what  is  really 
"theory"  and  what  in  contrast  is  the  record  of  practice,, 
and  then,  instead  of  robbing  ourselves  by  a  mistaken 
conception,  we  shall  profit  immensely  by  using  the- 
knowledge  gained  by  our  ancestors  at  such  enormous 
cost. 


If  anyone  has  overlooked  the  cartoon  and  happens  to 
wonder  at  the  amount  of  matter  relating  to  Milwaukee  in 
this  issue,  we  would  hasten  to  explain  that  the  National 
Association  of  Stationary  Engineers  will  hold  its  annual 
convention  in  that  city,  September  7  to  12.  For  the  ben- 
efit of  those  who  will  attend  the  meeting,  a  number  of 
places  of  special  interest  to  engineers  have  been  referred 
to  including  Milwaukee's  largest  power  plant,  the  Com- 
merce Street  station  of  the  Milwaukee  Electric  Railway 
&  Light  Co..  page  290;  the  Schlitz  Brewery  Plants,  page 
322 ;  and  the  several  other  plants  covered  under  the  gen- 
eral title  "Plants  of  Interest  in  Milwaukee,"  page  301. 
Those  who  are  not  going  to  the  meeting  may  especially 
want  to  read  the  Milwaukee  articles  as  they  will  not  have 
the  opportunity  of  seeing  the  places  described. 

If  you  do  not  record  the  coal  consumption  and  entire 
output,  you  can  never  know  how  much  steam  can  pass 
through  a  small  hole. 
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Answering  tlie  question  ut  il.  F.  on  p.  145,  July  28 
issue,  the  accompanying  diagrams  show  changes  made  on 
two  G.  E.  440-volt  three-phase  induction  motors  to  adapt 
them  for  service  on  220  volts. 


in  Fig.  2.     This  will  ije  readily  seen  by  tracing  out  tbe 
windings  for  each  phase,  starting  at  A,  B  and  (\ 

Fig.  3  shows  a  series-delta-connected  stator.  The  end 
connections  were  rearranged  as  shown  in  Fig.  4,  and  both 
motors  operated  very  satisfactorily  with  the  changed 
connections. 


Sekies-Stau  Wixdixg  foh  440 
Voi.TS 


Fig.  •■?.     Two-Cincrrr  Sr.\i;  Winding  fok  220 

\'OLTS 


Fio.  ;?.     Skuiks-Dki/i  \    \Vim)IN(;   kou  44n 
\'(»r,Ts 


I.     Twd-CiKcriT  Dki/pa   VVinimni; 

V()I,TP 


■>2(\ 


The  motor  shown  in  Fig.  1  had  a  serics-star-conncctcd 
stator.  The  end  connections  between  the  groups  of  roils 
Were  unsoldered  and  rec'onneeted  two-circuit  star  as  shown 


fn  a  4-10-volt  motor  tlic  grou(>s  of  coils  between  phases 
are  as  a  rule  connected  in  series.  Tf  such  is  the  case,  it  is 
only  necessary  to  reconnect  the  groups  in  two  parallel 


316 


P  0  W  E  E 


Vol.  40,  A'o.  !i 


series  circuits  between  phases  to  make  them  siiita 
operation  on  half  the  original  voltage. 

r.  JUSTLS 

Cleveland,  Ohio. 


for 


loO  per  cent,  boiler  rating  based  on  10  sq.ft.  of  heating 
surface  per  horsepower  and  to  secure  a  combined  effi- 
ciency of  boiler,  furnace  and  grate  of  68  per  cent.     For 


To  change  a  three-phase,  440-volt  induction  motor  for 
220-volt  service,  first  find  out  the  number  of  coils  per 
phase  per  pole  in  the  stator  winding.  If  tlie  number  per 
pole  is  exactly  divisible  by  2,  then  each  \w\e  winding  is 
easily  separated  exactly  m  the  middle.  These  two  wind- 
ings are  then  connected  in  parallel  with  the  interconnect- 
ing leads  tapped  to  the  same  coils  as  before.  Care  must 
be  taken  to  see  that  the  parallel  leads  are  similarly  con- 
nected on  every  pole  and  that  all  interconntctious  re- 
main as  Ijefore.  The  revolutions  per  minute  will  prac- 
ticallv  remain   as   before,   with   similar   load   conditions. 

Ben  D.vwson. 

Cedar  Rapids,  la. 


_  Defect  iTTh  Bs'eeclhSini^ 
DesigEa 

Occasionally,  a  good  jiioce  of  power-plant  ajuiaratus 
fails  of  satisfaction  because  of  the  faulty  design  of  the 
other  apparatus  with  which  it  is  connected.  A  case 
was  brought  to  the  writer's  attention  when  asked  to  in- 
vestigate the  cause  of  an  excessive  amount  of  carbon 
in  the  refuse  at  a  stoker- fired  plant.  This  boiler  plant  is 
at  a  cement  mill  in  the  Middle  West  and  uses  coal  mined 
in  southeastern  Kansas.  The  steam-generating  plant 
ionsists  of  six  300-hp.  water-tube  boilers  ^ct  in  three  bat- 
■teries.  Four  of  the  units  are  equipped  with  chain  grates, 
«ach  having  72  sq.ft.  of  grate  area  and  the  other  two. 
not  being  required,  are  disconnected  from  the  breaching 
and  all  the  steam  lines. 

For  several  years,  the  plant  was  oil  fired,  but  this 
proved  expensive  on  account  of  the  price  of  oil  prevailing 
at  that  time  and  because  of  the  frequent  renewal  of  the 
brickwork.  The  boilers  were  equipped  with  standard 
Bonus  type  baffles  and  the  gases  passed  through  an  un- 


Longitudinal     Sec+ion  Transverse    Seo+ion 

Fig.  2.     Bottkd  Lixes  Reprksext  Coxtracted  Up- 
take AXD  Solid  Lixes  That  aeticr  Cokbellixg 

the  i)erformance  of  this  guarantee,  it  was  stipulated  that 
the  coal  should  contain  at  least  10,.500  B.t.u.  per  pound 
as  fired  and  that  the  furnace  draft  should  be  equivalent 


Fifj.  1.     Showing  Points  at  Which  Duaft  Was 
Measured 

derground  tunnel  below  the  rear  of  the  boilers  to  a  stack 
outside  the  boiler  room.  At  the  time  stokers  were  in- 
stalled, the  boiler  baffles  were  changed  to  the  horizontal 
type,  as  shown  in  Fig.  1.  and  a  new  breaching  was  con- 
structed above  the  boilers  and  connected  to  a  175-ft. 
steel  stack. 

The  stoker   niainiracturer   had   guaranteed   to   develop 


Point   of  Observatio 


Intensity  of  Draft.  Inches  of  Water 
Before  Correct-  After  Correct- 
ing Defect  ing  Defect 

0.18  0.35 

. . . .           0.25  0.38 

0.3S  0.45 

.  .  .  .           0.49  0.(54 
1.05  0.85 


to  0.3  in.  of  water.  It  was  reasonable  to  expect  this  in- 
tensity of  draft  with  normal  conditions,  but  a  series  of 
draft  readings  (Table  1)  showed  an  abnormal  loss  at  the 
rear  drum  pass  and  as  a  result  the  furnace  draft  was  low. 
Internal  inspection  of  the  cold  setting  at  once  located  the 
trouble.  It  appeared  that  in  changing  the  brickwork, 
the  proportioning  of  gas  passages  had  been  left  to  the 
Judgment  of  the  bricklayers.  The  openings  where  the 
gases  pass  upward  about  the  drums  to  the  uptake  had 
ijeeu  built  as  shown  by  the  dotted  lines  in  Fig.  2,  thus 
giving  a  total  area  of  only  5.5  sq.ft.  Consequently  it 
was  necessary  to  tear  down  part  of  the  brickwork  and  in- 
crease these  areas  by  corbelling  back  as  shown  by  the  full 
lines,  thus  securing  an  area  of  12.7  sq.ft. 

The  original  net  areas  at  various  points  (Fig.  1)  in 
the  path  of  the  gases  and  the  corresponding  areas  after 
making  the  change  are  given  in  Table  2.  Table  1  shows 
the  draft  readings  taken  before  and  after  making  the 
changes,  all  readings  having  been  taken  with  a  514-in. 
fire,  with  the  grates  completely  covered  and  with  the 
boiler    damper    wide    open.      The    CO.^    just    below    the 

TABLE    II 


Cor-  Cor- 
recting rectingr 
Passage                                       Defect  Defect 

Grate  surface    71.3  71.3 

Over    bridgewall    22   0  22.0 

Lower    baffle    opening 15.0  15.0 

Around  tubes  between  upper  and  lower  baffle      16.4  16.4 

Upper  baffle   opening 8.75        l^'^ 

Between  drum  and  top  of  upper  baffle 12.0  12.0 

At  sides  and  between  drums  at  the  rear 5.5  12.7 

Damper    16.2  16.2 

damper  averaged  10  per  cent.  After  .slightly  reducing 
the  opening  between  the  waterback  and  the  grate  and 
operating  with  the  increased  draft,  the  coal  was  burned 
out  to  satisfactory  ash  and  the  boilers  easily  generated 
the  over-rating  .specified. 

Such  mistakes  sometimes  occur  because  of  the  inex- 
perience of  the  designer,  and  it  is  a  good  plan  always  to 
ask  the  advice  of  the  builders  of  a  piece  of  apparatus 
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before  attempting  to  make  radical  changes.  In  the  above 
case,  considerable  expense  could  have  been  saved,  though 
fortunately  there  was  no  interference  with  the  operation 
of  the  plant,  as  the  mistake  was  discovered  before  the 
machinery   was    readj'   for    continuous   running. 

It  is  well  to  remember  that  gas  passages  should  be  so 
proportioned  that  the  velocity  does  not  exceed  40  ft.  per 
second  when  the  maximum  capacity  is  developed  and,  in 
cases  like  the  above,  where  the  passage  is  divided  into 
three  parts,  the  velocity  should  be  lower.  It  is  estimated 
that  the  velocity  in  the  present  case  will  average  aboii'^  30 
ft.  per  second  when  o])erating  at  maximum  rating. 

W.  M.  Pakk. 

Fort  Worth,  Texas. 


V®lUsige  CoinffiIbflinia.t^flOims 

Answering  (.'.  I)."s  ini|uiry  in  I'()Wi:i;  fur  .July  "i^S,  page 
14-').  the  following  sketches  show  the  method  of  obtaining 
simultaneously  110-220-volt,  three-phase,  three-wire,  and 
ll()-220-volt,  single-phase,  three-wire  service  from  one 
set  of  standard  2300- volt  primary,  110-220-volt  sec- 
ondary, single-phase  transformers  connected  to  a  2300- 
volt,  three-phase,  three-wire  primary  line.  The  theme 
is  an  interesting  one  to  a  student  of  polyphase  currents 
and  has  been  developed  with  the  view  of  showing  what 
(ould  be  accomplished  if  necessary  rather  than  what 
should  be  done. 

In  accordance  with  the  request,  two  cases  are  consid- 
ered, an  open  and  a  closed  one.  Two  sketches  are  shown 
for  each  case,  one  sliowing  the  transformer  connections 
and  the  other  the  phase  relations  by  the  conventional 
method,  the  inner  lines  representing  the  primary  and 
llie  outer  lines  tlie  secondary  windings;  moreover,  the 
lettering  is  consistent  throughout,  capital  letters  desig- 
Jiating  the  primary  lines  and  small  letters  the  secondary 
circuits. 

Case  I — Two  transformers  with  primaries  and  sec- 
ondaries in  open  delta,  giving  a  five-wire  secondary  with 
five  circuits,  as  follows: 

One  220-volt,  three-phase,  three-wire,  lines  a-h-c. 

One  110-volt,  three-phase,  three-wire,  lines  d-h-e. 

Two  nO-220-volt,  single-phase,  three-wire,  lines  a-d-b 
and  b-c-r. 

One  220-volt,  single-phase,  two-wire,  linos  a-c. 

This  latter  circuit  may  also  be  used  for  such  110-volt, 
single-phase  devices  as  mav  be  operated  t\vo-in-series  on 
220  volts. 

The  open-delta  connection,  while  comjjaratively  sim- 
ple, has  several  disadvantages.  .\  balanced  load  will  not 
be  obtainal)le.  the  best  condition  being  with  the  110-220- 
volt.  single-phase  load  (with  the  exception  of  such  as 
may  be  used  on  circuit  ft-r)  divided  as  nearly  as  ]iossible 
into  two  equal  circuits,  well  balanced  as  to  the  110-volt 
devices,  and  these  two  circuits  siipjilied  by  transformers 
n-d-h  and  b-e-r.  Even  under  these  condiiions,  that  por- 
tion of  the  .secondary  windings  included  between  d-h 
and  b-e  will  carry  the  greatest  load. 

The  transformers  should  he  selected  with  a  riiting  in 
kv.-a.  not  less  than  220  times  the  sum  of  the  ampere 
ratings  of  all  the  three-phase  •levice.'i,  plus  the  stun  of  the 
ampere  ratings  of  the  220-volt.  single-phase  devices  plus 
one-half  tlie  sum  of  the  ampere  ratings  of  the  llO-volt, 


t^ingle-phase  devices.  Ample  transformer  capacity  should 
be  provided  as  an  insurance  against  interruptions  due  to 
burnouts,  the  loss  of  either  transformer  entailing  the 
interru]jtion  of  four  out  of  the  five  circuits,  all  except 
the  nO-220-volt,  single-plutse  circuit  from  the  remain- 
ing transformer. 


Transformer  Connections 


Phase    Relations 


Tl!A.\.SFOI!Mi:i!  t'oXNKCTlOXS  FOH  Dl'SIIiliP  A'OLTAGE  CoiE- 
lilNATlOXS 

Lino  wire  b  should  be  of  ample  cross-section,  as  this 
is  a  part  of  all  circuits  except  the  220-volt,  single-phase 
circuit  a-c. 

Case  II — Three  transformers  with  the  primaries  ami 
secondaries  in  closed  delta,  giving  a  sis-wire  main  with 
eight  circuits,  as  follows: 

One   220-volt,   three-phase,   three-wire,  lines   a-b-r. 

Four  llO-volt,  three-phase,  three-wire,  lines  a-d-f, 
b-e-d,  c-f-e,  d-c-f. 

Three  110-220  volt,  single-phase,  tliree-wire,  lines 
a-d-b,  be-c,  r-f-a. 

While  this  method  is  not  so  simple  as  that  of  Case  I, 
it  permits  the  load  to  be  more  nearly  balanced,  the  degree 
depending  upon  the  relations  of  the  various  classes  cf 
load  and  the  engineering  skill  used  in  ajiportioning  the 
load  l)etween  the  several  circuits.  The  liurnout  of  one 
transformer  in  this  case  would  result  in  the  loss  of  three 
out  of  the  four  llO-volt,  three-phase  circuits  completely 
and  limit  the  usefulness  of  one  of  the  110-220-volt,  sin- 
gle-phase circuits,  producing  the  condition  of  Case  I. 

In  practice,  the  various  secondary  wires  .shoidd  he  con- 
sistently marked  at  all  junctions  and  taps  as  an  aid  in 
time  of  troidile,  and  if  the  scheme  of  Case  II  is  adojited, 
these  markings  would  i)ermit  temporary  connections  to 
be  made  and  thus  reduce  the  time  the  apparatus  would  be 
out  of  commission  due  to  line  or  transformer  troubles. 

The  voltage  regulation  of  an  installation  of  this  char- 
rn-im-  would  be  influenced  so  much  by  local  conditions 
of  which  no  information  is  given  that  comment  is  with- 
held, excejit  to  say  that  with  a  delta-connected  circuit 
indeixMident  regulation  is  possible  on  but  two  phases,  the 
voltage  on  the  remaining  iihase  being  the  resultant  of 
the  other  two.  Mith  sullicient  eop])er  in  the  |)rimary 
and  secondary  mains,  and  ample  transformer  capacity, 
satisfactory   conditions   coulil    probably   be    obtained. 

1'.    .\l!THIIll    .TOSLYN. 

K.rburv.  Mass. 
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diY  Course 


106. 
em  ir 


Last  Lesson 
From  equation  (59)  P  = 


SCS« 
Answers 
W  X  H 


KiOd  lb. 
P  = 


E  =  \  ft. ;  and  L 
1600  X  1 


In  this  prob- 
12  ft.  so  that 


l-l 


=  133i  lb. 


107.    The  horizontal  force  P  necessary  to  hold  the  body 

,  „,  sin  a 

at  resli  on  the  plane  is  \S 


cos  a 

sill  rt  =  tW  or  a 


=  W  iaii  a.     Since  the 
4  deg.  47  min. 


plane  rises  1  in  12 
Therefore  the  force 

P  =  1600  X  tan  ^  deg.  47  min.  =   1600  X  0.0836  = 
133.8  Ih. 

108.  The  force  of  friction  F  =  the  coefficient  of  fric- 
tion /  times  the  normal  pressure,  or 
F  =  f  ir  cos  a.  =  0.18  X    1600  X  0-9965  =  0.18  X 

1594  =  287  lb. 
The  force  of  gravity  tending  to  move  the  body  down  the 
plane  is 

ir  sin  a  =  1600  X  0.0833  =  133  Ih. 
The  force  P  necessary  to  prevent  motion  down  the  plane 
must  equal  the  force  of  gravity  minus  the  force  of  fric- 
tion or, 

P  :^  G  —  F  =  W  sill  a  —  f  U'  cos  a-  =  133  —  287  = 
—154  lb. 
The  fact  that  the  value  of  P  works  out  negative  shows 
that  under  the  given  conditions  the  force  of  gravity  is 
not  sufficient  to  overcome  the  force  of  friction,  so  that  to 
move  the  body  down  the  plane  an  additional  force  P 
must  be  applied.     (See  answer  to  problem  110.) 

109.  For  the  body  to  be  on  the  point  of  moving  up 
the  plane  the  force  P  must  overcome  both  the  force  of 
gravity  and  the  force  of  friction.  From  the  previous 
problem  the  force  of  friction  is  287  lb.  and  the  force  of 
gravity  133  lb.    Therefore  the  force 

p  =  iT  +  G  =  287  +  133  =  420  lb. 
Any  value  of  P  between  —154  lb.  and   +420  11).   will 
hold  the  skid  at  rest  on  the  plane. 

110.  The  force  P  will  act  down  the  plane  when  the 
force  of  friction  up  the  plane  is  greater  than  the  force 
of  gravity  down  the  plane.  This  will  occur  when  the  tan- 
gent of  the  angle  a  is  less  than  the  coefficient  of  friction 
for  it  was  shown  in  lesson  XIY  that  when  a  body  is  just 
on  the  point  of  moving  down  a  plane  the  coefficient  of 
friction  /  is  equal  to  the  tangent  of  the  angle  made  by 
the  plane  with  the  horizontal.  (See  solution  of  problem 
108.) 

Inclined  Plane    (Contini-ed) 

As  a  final  example  under  case  II  let  the  force  P.  Fig. 
73,  act  parallel  to  the  base  of  the  plane,  and  assume  that 
the  body  is  on  the  point  of  moving  up  the  plane,  under 
which  condition  both  the  force  of  gravity  and  the  force 
of  friction  will  act  down  the  plane,  thus  opposing  the  up- 
ward force  which  is  the  component  of  P  parallel  to  the 
plane. 


iimmiiiiii iiiiiiiiniiinnnnnnnnnniini uinunnnnnniniinninnnnnninnnnnnuinininnuni nnuuniinni ininnnnniinnninins 

Resolve  the  horizontal  force  P  into  two  components 
l)arallel  to  and  at  right  angles  to  the  plane  by  construct- 
ing the  parallelogram  RMSGR.  The  component  RG, 
parallel  to  the  plane  will  tend  to  move  the  body  up  the 
plane.  The  component  SG  will  tend  to  increase  the  nor- 
mal pressure  between  the  weight  and  the  plane,  thus  in- 
creasing the  force  of  friction.  Also  resolve  the  weight 
W  into  two  components  parallel  to  and  at  right  angles 
to  the  plane. 

The  force  of  gravity  G.  acting  down  the  plane  is  equal 
to  the  component  EF  or  W  s-iii  a.  The  total  normal  pres- 
sure between  the  weight  and  the  plane  is  the  sum  of  the 
components  SG  and  GF  where 

SG  =  MR  =  P  sill  a 
and 

GF  =   W  cos  a. 
From  equation  (22)  the  force  of  friction  F,  acting  down 
the  plane  is  equal  to  the  total  normal  pressure  N,  times 
the  coefficient  of  friction  /,  or, 

F   =   f   X   N 
wliere 

N  =  SG  +  GF  =  P  sin  a  +  W  cos  a; 
hence 

F  =  f  {P  silt  a  +  W  cos  a). 

The  effective  force  tending  to  move  the  body  up  the 
plane  is  the  component  of  the  force  P  jiarallel  to  the  plane 
or  RG  which  is  equal  to  P  cos^  a.  For  equilibrium  to  ex- 
ist, the  forces  F  and  G  acting  down  the  plane  must  equal 
the  force  RG,  or  P  cos  a,  acting  up  the  plane,  whence, 
P  cos  a  =  F  +  G 


P  cos  a  =  f  {P  .<(iii  a  +  11 


To  find  the  relation  betuecn  J'  and   11',  solve  the  above 
equation  by  collecting  all  the  terms  involving  P,  thus, 

p  cos'  a  —  /  P  sin  a  —  f  W  cos  a  +  W  sin  a 
now  divide  both  sides  of  the  equation  by  cos  a,  then 

P  cos  a       fP  sin  a 
cos  a  cos  a 


fW  cos  a       W  sin  a 


P_  fp^'^'L"  =  fW  +W 
cos  a 


cos  a 

sin  (I       , 
and 


September  1,  1914 


POWER 


319 


ian  a, 


P  (\—{  Inn  a)  =  W  (/  -|-  tan  a),  since 

therefore 

P  =  W  (  ^  ^  —"- 
1 1  —  /  tan  a 

"When  the  weight  W  is  on  the  point  of  moving  down  the 

plane  then  the  force  of  friction  will  act  up  tlie  plane  or, 

G  =  P  cos  a  +  F 


(CA) 


W 


Fig.  74. 


P  cas  a  -\-  f  (I'  f<rn  a  -j-  W  cos  a) 


and 

/•"  cos  a  -\-  f  P  sin  a  ^  W  sin  a  —  /  W  cos  a 
hence,  dividing  through  by  cos  a, 

P  +  f  P  fan  a  =  W  tan  a  —  f  W 


P  =  W 


fan  a 


; 


(65) 


1  +  /  tan  a 

Any  value  of  P  between  tho.se  given  by  equations  (64) 
and  (65)  will  hold  the  body  at  rest  on  the  plane. 

The  efficiency  of  the  inclined  plane  as  a  machine  for 
the  performance  of  useful  work  may  be  readily  deter- 
mined. In  Fig.  73,  when  the  weight  has  moved  from 
A  to  C,  the  useful  work  performed  is  just  the  same  as 
if  the  weight  11'  had  been  raised  in  a  vertical  direction 
from  the  point  N  to  the  point  C.  Hence  the  net  result 
of  sliding  the  weisrht  up  the  plane  is  the  overcoming  of 
a  resistance  of  IV  lb.  through  a  vertical  distance  of  If 
ft.  or  the  output  of  the  maciiine  is  W  X  TT. 

The  work  done  on  the  body  by  the  force  P  in  moving 
the  body  up  the  plane  is  /•*  cos  a  (resistance)  times  // 
(distance)  ;  but  L  cos  a  =  B  (the  base  of  the  plane), 
therefore  the  input  =  P  X  B. 

V  i-  /r.,\       jc    •  output 

From  equation   (5.?)   efhcietici/  =  ~. — - — t. 
'  "  ■'  input 

Let  E  =  the  efficiency  of  the  inclined  plane  whose  slope 

oufpiit         ]\ 

input 

f  +  tan  a  \ 

1  —  /  tan  a  I 

W  tan  a 


h  a  deg.,  then,  E  = 
and  P  =  \V 


X  H  .      II       ^ 


E  = 


I  hence 

tan  a  (1  —  /  /««  n) 


W 


/  f  +  tan  ft  \ 
1 1  —  /  tan  a) 


f  +  tan  a 


The  above  equation  may  be  simplified  by  dividing  numer- 

1  —  f  tan  a 

—  • or. 


ator  aud  denominator  by  tan  a,  thus,  E  = 


E 


1  —  /  tan  a 


tan  a 


+  1 


(66) 


(Xote: 


1 


1  -\-f  cot  a 

tan  a  ~  ^''^  ^'    ^^^  lesson  III  in  Trigonometry). 
Equation   (66)   is  useful  in  determining  the  efficiency 
of  a  screw  jack,  a  screw  press  or  the  efficiency  of  screw 
threads. 

Turning  a  nut  on  a  rod  on  which  a  thread  has  been  cut 
is  just  the  same  as  moving  a  body  up  an  inclined  plane  by 
the  aid  of  a  horizontal  force.  The  height  of  the  plane  NC, 
Fig.  73,  corresponds  to  the  pilch  of  the  thread,  the  length 
L  is  the  development  of  the  thread,  and  the  base  B  is  the 
circumference  of  the  l)ar  on  which  the  thread  is  cut.  The 
inclination  of  the  plane  is  the  angle  of  the  thread. 

Example. — The  angle  of  a  given  screw  thread  is  6  deg. 
The  coefficient  of  friction  between  the  nut  and  the  thread 
is  0.15.     Find  the  efficiency  of  the  screw.     In  this  case 

tan  a  =  tan  6  deg.  =  0.105 
and 

cot  6  deg.  =  9.514 
Substituting  these  values  in  equation    (66),  there  re- 
sults : 

1  —  /  tan  a       1  —  (0.15  X  0.105)  _  0.984 

~  3.427 


E 


I  +f  cota        1-1-  (0.15  X  9.514) 
=  40.5  per  cent. 
Study  Questions 

111.  In  the  screw  jack  shown  in  Fig.  74,  there  are 
four  threads  per  inch  and  the  diameter  of  the  screw 
is  2  in.  Assuming  the  coefficient  of  friction  as  0.14,  find 
the  efficiency  of  the  jack. 

112.  A  man  exerts  a  pressure  of  40  lb.  at  the  point 
.4,  located  24  in.  from  the  center  of  the  jack.  Find 
the  maximum  weight  If  that  he  can  raise,  neglecting  the 
inertia  of  the  weight. 

113.  A  loaded  coal  car  weighing  2000  lb.  starts  down 
an  incline  whose  slope  is  1  in  18.  If  the  frictional  re- 
sistance is  20  lb.  per  ton,  find  the  acceleration  with  wliich 
the  car  will  move  down  the  plane. 

114.  If  the  plane  is  500  ft.  long,  find  the  velocity 
of  the  car  when  it  reaches  the  foot  of  the  incline. 

115.  How  far  will  the  car  run  on  the  level  before  com- 
ing to  rest.  [Figure  the  kinetic  energy  of  the  car  when 
it  reaches  the  foot  of  the  incline  and  then  find  the  dis- 
fance  from  equation   (57).] 

CoiiUKtiTiox — In  the  statement  of  <iuestion  96.  Lesson 
XXI,  Aug.  11,  1914,  "a  pressure  of  120  lb.  per  sq.in." 
should  have  read  "a  head  of  120  ft."  The  answer  given 
in  the  next  lesson  wouhl  then  lie  correct.  As  it  was 
stated,  the  answer  .should  be  2. .3  times  that  given,  or 

2.3  X  30.3  =  69.69  lip. 
since  I   II).  pressure  =  2.3  ft.  head. 

The   answer   to   question   98,    Lesson    .\.\II,    Aug 
1914,  was  in  error  in  that  it  did  not  take  account  o 
75  ))er  cent,  efficiency  assumed  between  the  engine  anc 
the  load.     The  answer  should  1)0 


18, 
the 


0.75 


=  H  I'V- 


At  best  the  prolilem  does  not  admit  of  an  exact  jiractical 
answer,  as  explained  in  the  jiaragrapb  following  the  an- 
swer given. 
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Temperature  of  Superheated  Steam — What  would  hn  the 
temperature  ot  steam  at  150  lb.  gage  pressure  superheated 
250  deg.? 

R.    .1. 

The  temperature  of  dry-saturated  steam  at  150  lb.  gage 
pressure  being  366  deg.  F.,  when  superheated  250  deg.,  the 
temperature  would  be  366   +  250   =   616  deg.  F. 


Safety  of  Flywheel — If  the  centrifugal  force  which  tends 
to  hurst  a  tiywheel  rim  is  directly  proportional  to  its  weight, 
why  is  it  that  increasing  the  size  of  the  rim  would  not  in- 
crease the  danger   of   rupture? 

D.  J. 

Because  the  cross-sectional  area,  and  consequently  the 
strength  of  the  rim,  would  be  increased  in  direct  proportion 
with  the  increase  of  weight. 


Delia  Porta — Who  was  della  Porta  and  what  connection 
had   he   with   the  development  of  the   steam   engine? 

S.    D. 

Giambattista  della  Porta  (1543-1615)  was  an  Italian  physi- 
cist who  published,  A.  D.  1601,  a  treatise  in  which  he  shows 
an  apparatus  similar  to  Hero's  fountain,  but  with  steam  in 
place  of  air  as  the  displacing  fluid.  His  suggestions  fully 
anticipate  the  engine  which  a  century  later  was  developed 
by  Savery  as  the  earliest  commercially  successful  steam 
engine. 


Fllterine  Air  for  Indlreet  Heating — How  can  dust  be 
prevented  from  being  carried  into  buildings  which  are  heated 
by  indirect  blower  systems? 

R.  M. 

The  fresh  air  should  be  taken  into  a  settling  chamber 
and  thence  drawn  through  a  number  of  screens  of  heavy 
cheesecloth.  The  screens  should  be  spaced  several  feet  apart 
and  have  from  five  to  ten  times  the  area  of  the  supply  ducts, 
so  that  the  air  may  pass  through  the  screens  at  low  velocity. 
The  settling  chamber  and  screens  should  frequently  be 
cleaned. 


LenKth  of  Belt  Splices — What  is  the  proper  length  for 
splicing  joints  of  single  and  double  leather  belts,  4  to  IS  in. 
wide? 

G.    H.    L. 

Most  manufacturers  make  the  scarf  length  equal  the  belt 
width  for  all  single  and  double  belts,  down  to  5  in.  wide; 
and  for  belts  of  less  than  that  width  make  the  scarf  about 
1  in.  longer  than  the  belt  width.  Double  belts  over  10  in. 
wide  should  have  the  scarf  ends  each  covered  with  a  tuck 
or  dovetail,  formed  by  a  narrow  overlap  ot  the  correspondinii 
thickness   of  the    opposite   end   of  the   belt. 


Oil  in  Coudensate — How  can  the  presence  of  oil  in  return 
water    from    exhaust   steam    heating   be    determined? 

P.    M.    R. 

A  fair  test  of  the  amount  of  engine  cylinder  oil  contained 
in  a  sample  of  condensation  may  be  made  by  determining 
how  much  oil  has  to  be  added  to  a  given  quantity  of  fresh 
water  to  cause  the  latter  to  present  the  same  appearance  of 
turbidity  when  equal  quantities  of  each  kind  of  water  arc 
mixed  with  the  same  quantity  of  any  given  solution  ot  so- 
dium hydrate  (caustic  soda).  Care  should  be  taken  that  all 
solutions   are   employed   at   the   same  temperature. 

Effect    of    Clearance    on    Mean    Ettective    Pressure — For    a 

given   point   of  cutoff,   what   effect   has   the   cylinder   clearance 
on     the    resulting    mean    effective    pressure? 

P.  M.  G. 
Clearance  has  the  effect  of  increasing  the  mean  effective 
pressure  by  increasing  the  mean  forward  pressure  and  de- 
creasing the  mean  back  pressure.  This  is  because  steam 
which  expands  after  cutoff  includes  that  which  fills  the  clear- 
ance space;  hence  the  greater  the  percentage  of  clearance 
the  greater  the  average  forivard  pressure;  and  on  the  return 
stroke,  as  the  amount  of  compression  is  inversely  as  the 
volume,  the  average  back  pressure  will  be  less  the  greater 
the    percentage    of    clearance. 


Advantages     of     Centrifngn 

vantages  of  centrifugal   over 
especially   as   boiler    feeders? 


Pumps — What     are     the     ad- 
ciprocating   pumps,    and   more 


W.  B. 
The  leading  advantages  of  centrifusal  pumps  are  com- 
pactness, silent  running,  durability  and  suiierior  economy  in 
cost  of  power,  attendance  and  repairs,  and  the  facility  with 
v.hich  they  may  be  adapted  to  any  location  where  they  may 
1)8  supplied  with  power  by  direct  connection  to  an  electric 
motor  or  steam  turbine.  As  boiler  feeders,  they  have  the 
advantage  over  reciprocating  pumps  of  continuous  delivery 
without  shock  or  hammering,  and  of  producing  no  excessive 
pressure  on  feed  mains  for  any  adjustment  of  feed  stop 
valves  or   other   stoppage   of   pipe    connections. 


Water  Horsepower — What  would  be  the  water  horsepower 
in  pumping  at  the  rate  of  200  gal.  of  water  per  minute  againt;t 
a    pret^-sure    of   SO  lb.    per   sq.in.? 

R.  B. 

Taking  the  weight  of  1  gal.  ot  water  as  SJ  lb.,  the  ivoight 
of    water    pumped    per    minute    would    be 

200  X  Sh  =  1666.66  lb. 
A  pressure  of  1  lb.  per  sq.in.  is  equivalent  to  the  pressure 
created  by  a  column  of  water  2.309  ft.  high  and  pumping 
.igainst  SO  lb.  pressure  would  be  equivalent  to  pumping 
against  a  head  of  2.309  X  SO  =  184.72  ft.,  or  raising  the  water 
to   that    height.      The    energy    developed   would   be 


1666.66    X    184.72 


307,865.43   ft. -lb.   per   min. 


307,865.43 


33,000 


Dimensions    of    Cylinder — If    the    volume    of    a    cylinder    is     I 

11.78    cu.ft.    and    its    length    is    2i/4    times    its    diameter,    what     ( 
would  be   the  diameter  and   the   length?  i 

J.   J.    F.  I 

If  I 

d  =;  The   diameter    in    feet,    and  j 

1  =  The    length    of   the    cylinder,  ] 

tht-n   as    the    cross-sectional    area    would    be 

d=    X    0.7S54, 

lume   would   be 

d=    X    0.7S54     X    1. 
s  1   r.=   2%  d,  and  the  given  volume  is  11.78 

d=    X    0.7854    X    2y2    d    =    11 
i-om  which  we  find 
d'    =    5.999  and 
d  -  f  5.999    =    1.817   ft., 
nd  the  length  would  be 


th 


cu.ft.    then 
cu.ft.. 


X    1.817 


4.542  ft. 


nla  for  Shafting — What  is  the  rule  for  estiniatinq' 
the  safe  number  of  horsepower  transmitted  by  iron  or  steel 
shafting    when    properly    lined    up    and    supported? 

B.   F.    A. 

The  safe  transmitting  capacity  ot  a  1|8-  or  nominal  2-in. 
diameter  shaft,  with  the  usual  bending  strains  of  pullejs, 
belts,  etc.,  is  10  hp.  at  100  r.p.m.  The  torsional  resistances' 
of  shafts  are  as  the  cubes  of  their  diameters,  and  the  num- 
ber of  horsepower  transmitted  by  any  given  size  is  directly 
in  proportion  to  its  speed  of  rotation.  Hence  for  finding  the 
power  capable  of  being  transmitted  by  any  size  shaft  at 
any  number  of  revolutions  per  minute:  Multiply  the  cube  of 
its  diameter  in  inches  by  the  revolutions  per  minute  and 
by  10  and  divide  by  the  cube  of  2,  multiplied  by  100;  or  ex- 
pressed in  a  formula  wherein 
d  =  diameter    of   shaft; 

n  =  number    of    revolutions    per    minute; 
d'  X  n  X  10  d=n 

or  =    hp. 

2  X  2  X2  X  100  SO 

For   example,    the    safe    number    or   horsepower 
shaft,   running   at   200   r.p.m.,    could    transmit   v 
(3  X  3  X  3)  X  200 

. =    67.5    hp. 

SO 


■n-hich    i 
ould   be 


[Correspondents    sending    us    inquiries    should     sign     th«^; 
communications    with    full    names    and    post    office    addresseSr 
This  is  necessary  to  guarantee  the  good  faith  of  the  communlj] 
cations   and   for   inquiries   to   receive   attention. — EDITOR.] 
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All  oil  engine  for  genera!  power-plant  purpose?,  irri- 
gation, etc..  has  just  been  perfected  by  the  Xordberg 
Mfg.  Co.,  of  Milwaukee.  It  is  of  the  single-acting  two- 
stroke-cycle  type  and  of  heavy  construction,  as  may  be 
seen  from  Fig.  1.  The  crank  end  is  of  steani-engine  de- 
sign, that  is,  the  engine  is  provided  w-ith  a  crosshead  hav- 
ing adjustable  babbitted  shoes  and  a  standard  Xordberg 
wristpin.  The  crankpin  bearing  is  of  the  marine  type 
and  all  moving  parts  are  counterbalanced. 

Simplicity  has  been  the  keynote  of  the  design,  there 
l)eing  no  valves  except  one  for  admitting  scavenging  air. 
so  that  the  usual  valve  gear  is  lacking.  Ignition  is  ef- 
fected by  the  heat  of  compression,  and  the  fuel  supply  is 
controlled  by  the  governor.  Tlii?  clearance  space  is  al- 
most semispherical  and  the  cylinder  and  cylinder  head 
are  thoroughly  water-jacketed. 

As  shown  in  Fig.  2,  the  crank  end  of  the  cylinder  is 
inclosed  and  a  stuffing  bos  is  provided  for  the  piston  rod. 
Air  for  scavenging  is  drawn  into  this  space  on  the  back 
stroke  of  the  piston,  through  a  piston  valve  mechanically 
operated  by  an  eccentric  on  the  main  shaft.  Mechanical 
control  permits  a  later  closing  of  the  valve,  so  that  more 


The  volume  of  the  bypass  may  be  varied  slightly  to  ob- 
tain the  desired  pressure.  When  the  port  is  uncovered 
the  air  sweeps  into  tlie  cylinder  and  is  deflected  so  that 
it  forces  the  burned  gases  through  the  exhaust  port  B 
at  the  bottom  of  the  cylinder.  On  the  return  stroke  the 
fresh  air  remaining  is  compressed  to  about  450  pounds 


Fig.  1.     Gexehal  View  of  Noedbeeg  Oil  Engine 


1   Air 
Unlet 


~^^ 


r-      ^^^1         -Tt"!       11 fir 


W''W////M///////,'///////'. 


Fig.  2.     I'lan  and  Skction  of  \()i,im!i:i!o  Oil  Engine 


POOtR 


air  will    be   drawn    in    hy   the    piston.      On    the    forward  Near  tiir  rnd   dl'   lliis  stroke  a  (niaiifilv  of  oil,  dcter- 

Btrokc  tliis  air  is  comijrcssed  mid  (lirough  the  byjiass  over  mined  bv  tiic  gii\cniiir,  is  injected  iiy  a  pump  througli  a 

ihe  top  of  the  cylinder   is  admitted   to  the  combu.stion  finc!    no/zle    and    distribiding   device    into    the   cylimlcr. 

chamber  when  the  piston  uncovers  the  transfer  port  A.  The  jiump,  which  is  of  Ihe  plunger  type,  has  a  constnnt 
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j-troke.  Cousequently  ou  every  suction  stroke  it  draws  in 
the  same  quantity  of  oil.  During  discharge,  however, 
part  of  tlie  oil  is  returned  to  the  suction  through  a  by- 
pass valve,  its  opening  point  being  determined  by  the 
governor.  On  the  pressure  stroke  the  pump  is  positively 
driven  by  an  eccentric  on  the  main  shaft  and  a  cam 
which  comes  in  contact  with  the  plunger.  The  return 
.stroke  of  the  pump  is  effected  by  means  of  a  spring;  .-^e 
Fig.  1. 

An  inertia  flywheel  governor  of  the  pendulum  type  ad- 
\auces  or  retards  an  eccentric  controlling  the  bypass 
valve  of  the  oil  pump.  As  little  work  is  required  of  it. 
the  governor  is  of  light  construction.   A  speed  regulation 


t(  within  two  ]ier  cent,  from  no  load  to  full  load  is 
claimed. 

The  engine  is  started  in  the  usual  way  by  compressed 
air,  admitted  through  a  spring-operated  valve  at  the 
side  of  the  cylinder.  To  insure  against  leakage  when 
the  engine  is  running,  a  hand-operated  valve,  shown  in 
Fig.  1,  is  also  provided.  Lubrication  is  effected  by  a 
two-eompartnient  positive  feed  pump  having  outlets  to 
each  bearing  and  one  to  the  cylinder. 

At  present  the  engine  is  made  in  sizes  from  .50  to  100 
hp.,  with  speeds  ranging  from  270  to  300  r.p.m.  Greater 
powers  might,  of  course,  te  obtained  by  a  duplication  of 
ivlinders. 


By  Tjio.mas  \\ilson 


SYXOPSIS — An  outline  of  the  mechanical  cquipniciil. 
with  special  reference  to  the  new  loO-ton  plate  ice  plant. 
A  JfO-yr.-old  poppet-valve  engine  is  still  doing  good  work, 
w. 
The  largest  brewery  in  Milwaukee,  and  dispenser  of 
the  famous  "beer  in  brown  bottles,"  has  many  features 


The  steam,  which  is  generated  at  125-Ib.  pressure,  is 
used  for  manufacturing  purposes,  for  heating  (which  is 
nearly  all  live  steam)  and  for  driving  the  engines  con- 
nected to  the  ammonia  compressors.  In  the  latter  de- 
partment there  is  a  total  capacity  of  1850  tons  of  refrig- 
eration in  seven  units.    The  coni]jressors  are  of  the  Linde 


4-6.'->H 20-4 ^— ^K-'? 


Dzcfnc  Traveling        ..•     ^  HoiaHnq  fraveling 


PLATE    ICE 


Fig.  1.     Ti:axsvei;sk  Section  of  Plate  Ice  Plant 


•of  mechanical  interest.  The  e(|uipment  for  handling 
tlie  product  is  of  the  latest  and  best,  and  large  plants  are 
required  to  furnish  steam  for  the  various  processes,  re- 
frigeration for  cooling  and  power  to  turn  the  wheels. 
There  are  two  boiler  plants,  one  having  3900  hp.  and 
the  other  2550  hp.  in  water-tube  and  return- tubular 
boilers. 


ty])e,  driven  by  corliss  engines,  and  two  by  a  German 
Sulzer  poppet-valve  engine  some  40  years  old.  The  lat- 
ter is  in  excellent  condition  and,  from  all  appearances, 
is  good  for  many  years  to  come.  The  engine  units  are 
run  condensing.  Above  the  compressor  room  are  am- 
monia condensers  of  the  atmospheric  type.  ^Yate^  for 
cdiidensing   is    supplied    by    a    ]iuniping    station    on    the 
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river  three  blocks  distant.  There  is  a  (3-million-gal. 
pumping  engine  and  a  7i/o-million-gal.  centrifugal  pump 
to  supply  a  capacity  demand  of  3I/2  million  gal.  Steam 
for  these  units  is  superheated  to  500  deg.  The  water 
is  first  supplied  to  the  ammonia  condensers  and  then 
passed  on  to  condense  the  steam. 

A  total  of  500  motors  in  the  brewery,  varying  in  size 
from  1/^  to  60  hp.,  and  the  lighting  are  supplied  with  cur- 
I'ent  from  the  Commerce  St.  station  of  the  Common- 
wealth Power  Co.  This  station  also  sup])lies  current  to 
various  company  buildings  and  for  outside  commercial 
use.  It  will  soon  have  a  total  capacity  of  5500  kw., 
2500  kw.  in  three  cross-compound,  alternating-current 
liarometric  condensing  units,  and  a  3000-kw.  turbine 
now  being  installed.  There  is  3000  hp.  of  water-tube 
boilers,  with  special  facilities  for  unloading  coal  from 
boats  and  conveying  it  from  storage  to  bunkers  above 
the  boilers. 

Perhaps  the  most  interesting  and,  at  any  rate,  the 
latest  addition  to  the  mechanical  equipment  is  the  150- 
ton  Yilter  plate  ice  plant;  it  is  in  operation  the  year 
around,    making    ice    for    refrigerating    cars    and    local 


sides  of  the  tank  near  the  bottom.  In  forcing  its  way 
to  the  top,  the  air  keeps  the  water  in  ntotion  and  frees 
it  from  the  small  quantity  of  air  it  usually  contains. 
During  the  freezing  process  the  impurities  and  suspended 
matter  are  constantly  forced  toward  the  center  of  the 
compartment  and  the  water  receiving  the  impurities  be- 
tween the  two  plates  can  be  drawn  off  at  the  bottom. 

After  the  plates  have  been  frozen  to  the  desired  thick- 
ness they  are  allowed  to  temper  for  6  to  8  hr.  The 
next  process  is  to  free  them  from  the  steel  plates  covering 
llie  coils  and  the  surfaces  of  the  tank  with  which  they 
come  in  contact.  These  coils  are  shut  off  from  the  low- 
pressure  side  and  are  fed  with  hot  ammonia  vapor  direct 
from  the  compressor.  As  the  vapor  is  under  high  pres- 
sure, about  175  lb.,  it  forces  the  liquid  ammonia  in  the 
coils  into  the  low-pressure  system.  The  coils  are  then 
full  of  hot  vapor,  and  in  condensing,  this  gives  up  its 
heat  to  the  surrounding  steel  plates,  which  in  the  course 
of  half  an  hour  are  freed  from  the  ice.  Steam  coils  are 
used  to  loosen  the  ice  from  the  bottom  and  sides  of  the 
tank.  For  every  two  plates  there  are  150  ft.  of  1-in. 
pipe.     Between  the  supporting  timbers  the  steam   coil.^ 


Fig.  2.     Plan  Vihw,  Showing,  General  Layoct 


transportation  at  a  cost  not  exceeding  70c.  per  ton.  The 
building  is  61x145  ft.  and,  to  the  roof  trusses,  is  36  ft. 
high.  As  shown  in  Figs.  1  and  2,  it  has  two  tanks,  each 
110  ft.  4  in.  long,  18  ft.  deep,  20  ft.  wide  at  the  bottom 
and  20  ft.  4  in.  wide  at  the  toj).  Three  bulkheads  divide 
each  tank  into  four  compartments,  each  containing  10 
zigzag  coils  of  ly^-in.  extra  heavy  pipe.  A  plate  of  ice 
12x20  ft.  and  11  to  12  in.  thick  forms  on  each  side  of 
a  coil,  so  that  the  capacity  of  the  plant  in  seven  days, 
the  freezing  time,  is  1(10  plates  of  ice,  each  weighing 
')i/j  to  7  tons,  a  total  of  1120  tons,  or  160  tons  ])er  day 
of  24  hr.  if  the  maximum  weight  per  plate  is  assumed. 
Kach  coil  has  475  lin.ft.  of  pipe  and  is  covered  on  each 
side  with  a  sheet-steel  |)late  to  facilitatr  the  removal  of 
the  ice. 

Water  for  ice  making  is  obtained  from  wells  on  the 
f)remises  800  to  1600  ft.  deep.  It  is  fed  into  the  com- 
partment between  the  coils  and  kept  in  constant  agitation 
by  air  <()mpre8sed  to  S-  or  !)-ll).  pressure  by  either  one 
of  two  motor-driven  blowers.  To  each  compartment 
there  are  two  Yj-in.  nozzles  supplying  the  air  from  the 


are  placed  next  to  the  ^/i-in.  steel  wall  of  the  tank  and 
are  covered  with  double  boards. 

Wlien  the  plate  is  free,  the  ice  is  ready  to  be  har- 
vested. Four  hollow  tubes  frozen  into  the  plate  and 
passing  through  it  to  the  bottom  of  the  ice  afford  means 
of  attachment  for  the  hooks  of  the  traveling  crane,  which 
hang  from  a  horizontal  beam  suspended  by  the  hoisting 
cables  of  the  crane.  While  suspended  as  in  Fig.  3,  the 
weight  of  the  plate  may  be  transferred  to  a  beam  scale 
and  the  tonnage  recorded.  The  j)late  is  then  conveyed 
to  a  cutting  table,  which  may  be  tilted,  as  in  Fig.  4,  to 
receive  the  ice,  and  then  lowered  to  a  horizontal  posi- 
tion. The  lifting  rods  are  thawed  out  by  steam,  and 
the  plate,  in  this  plant,  is  cut  into  77  pieces  approxi- 
mately 21  in.  square.  As  shown  in  Fig.  5,  the  saw  is 
mounted  on  a  traveling  frame  kept  in  motion  for  the 
cuts  in  one  direction.  For  the  cross-cuts  the  saw  car- 
riage travels  on  the  frame;  the  saw  is,  of  course,  adjust- 
able to  any  size  of  cake.  There  is  a  71  o-ton  crane  and 
a  cutting  table  for  each  tank.  After  the  cakes  are  sawed 
they  are  conveyed  to  storage. 
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Fig.  3.    Plate  of  Ice 

SrSPENDED     FKOJI 

Travelixg  Crane 


Fig.    .5.      Sawixg   the 
Plate  into  Cakes 
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Hating  followed  the  pioduct  from  well  to  storage,  it 
may  be  of  interest  to  traee  the  ammonia.  The  flooded, 
or  more  properly  the  gravity-feed,  system  is  employed. 
This  entails  the  use  of  an  acc-umulator  and  the  coils  in 
the  tank  are  maintained  full  of  liquid.  Instead  of  in- 
stalling a  control  or  expansion  valve  on  each  coil,  as  in 
the  usual  direct-expansion  system,  and  manipulating  a 
large  number  of  valves  to  regulate  the  varying  demands 
for  ammonia,  in  this  installation  one  valve  controls  the 
entire  supplv.  To  illustrate  the  importance  of  this  ar- 
rangement, it  is  pointed  out  that  while  freezing  the 
first  inch  of  ice  will  reipiire  about  one  hour,  and  nat- 
urally much  ammonia  ]ier  vmit  of  time,  the  last  inch 
will  require  about  one  day  to  freeze,  and  consequently 
about  one-twenty-fourtli  the  amnionia  rer|uired  to  freeze 
the  first  inch. 

With  80  valves  instead  of  one,  there  would  he  constant 
need  of  adjustment,  making  it  practically  impossible  to 
regulate  the  feed  in  this  way.  With  the  gravity-return 
system,  just  the  amount  of  ammonia  needed  is  evap- 
orated. There  is  not  so  much  necessity  for  regulation; 
an  occasional  turn  of  the  one  valve  toward  closing  is  the 
requirement   to   meet   the   decreasing   demand. 

A  300-ton  com])ressor  serves  the  ice  plant.  Li(|uid 
ammonia  under  high  pressure  is  conveyed  through  a  "^J-in. 
pipe  a  distance  of  1000  ft.  This  ammonia  passes  through 
a  spiral  coil  in  a  chamber  on  top  of  the  accumulator  and 
is  cooled  by  the  suction  vapor  on  its  way  to  the  com- 
pressor. Cooling  the  liquid  to  the  temperature  of  the 
ammonia  in  the  coils  prevents  it  flashing  into  a  fog-like 
mist  in  the  accumulator,  which  would  be  carried  along 
with  the  return  vapor  and  cause  trouble  in  the  machine. 
From  the  cooling  coil,  the  liquid  ammonia  enters  the 
body  of  the  accumulator  and  flows  «l)y  gravity  to  the 
inlet  header  at  the  bottom  of  the  coils.  The  liquid  in 
the  accumulator  is  maintained  at  the  same  level  as  the 
outlet  header  of  the  coils,  so  that  the  latter  are  kept  full 
of  liquid  and  their  entire  surface  made  effective.  From 
the  outlet  header  amnmnia  \apor  passes  olf  to  the  suc- 
tion of  the  compressor. 

In  its  passage  through  the  accumulator  cooling  cham- 
ber the  entrained  liquid  is  retained  by  baffles  much  in 
the  same  way  as  in  a  steam  separator  and  returned  to 
the  Iwdy  of  the  accumulator.  Thus,  the  feed  to  the  coils 
is  made  up  of  a  mixture  of  the  li(|uid  returned  from  the 
separator  and  the  fresh  supply  from  the  high-pressure 
*ide.  The  one  control  valve  previously  mentioned  is  in 
tiie  pipe  connecting  the  cooling  coil  in  the  separator  with 
the  body  of  the  accumulator. 

With  the  arrangement  described,  a  large  number  of 
coils  may  be  fed  in  parallel.  The  simplicity  of  this 
arrangement  and  the  facilities  for  harvesting  the  ice 
reduce  the  labor  in  the  plant  so  that  only  two  men  arc 
required.  The  initial  cost  of  the  system  is  comi)ara- 
tively  high,  but  this  is  offset  by  the  reduction  of  labor 
in  harvesting,  by  the  efficiency  of  the  plant,  the  liigh 
quality  of  the  product  and  the  simplicity  of  operation. 


Water-Power  Devrlopmenta  In  Palifornla  to  the  total  con- 
struction cost  of  $5,941,300  have  been  sanctioned  by  the  state 
water  commission,  accordinK  to  a  recenll.v  Issued  report,  dur- 
ing the  two  years  ended  Apr.  1.  1914.  .Since  Jan.  1,  1913. 
twenty-one  out  of  thlrty-elRht  applications  to  appropriate 
water  have  been  rejected.  AoeordinK  to  the  rei)ort.  either  for 
failure  to  comply  with  rules  prescribed  by  the  commission  or 
on  the  ground  that  the  Interests  of  the  state  demanded  such 
arejectton. 


Much  intere.st  is  being  shown  and  many  questions 
asked  regarding  tlie  new  power  plant  being  built  by  the 
Ford  Motor  Co.  at  Highland  Park,  Detroit.  This  will 
l)e  a  combination  gas  and  steam  plant,  equipfjed  with 
steam  boilers,  gas  producers  and  "regenerators,"  pro- 
vision being  made  to  utilize  as  much  of  the  waste  heat 
as  possible.  Each  main  unit,  of  which  there  are  four, 
will  consist  of  a  two-cylinder  gas  engine  arranged  in 
tandem  and  a  tandem  compound  condensing  steam  en- 
gine. These  will  be  connected  to  one  shaft,  similar  to 
the  arrangement  employed  in  a  cross-compound  steam 
engine,  and  w-ill  drive  a  3750-kw.  250-volt  direct-current 
generator  at  80  r.p.m.  Each  unit  will  be  capable  of  de- 
veloping 6000  brake-horsepower. 

This  combination  '"gasteam"  engine  will  give  the  econ- 
omy of  a  gas  engine  and  the  reliability  of  a  steam  en- 
gine. Gas  engines,  as  a  rule,  operate  at  tlieir  best  when 
fully  loaded  and  with  a  constant  load.  However,  if 
operated  in  this  manner  they  have  no  overload  capacity, 
which  results  in  the  practice  of  running  tlijem  under- 
loaded. This  produces  wire-drawing  of  the  gases 
through  the  valves  and  ports,  which  has  a  tendency  to 
precipitate  tarry  matters  but  usually  does  not  give 
trouble  under  full-load  conditions.  With  the  combina- 
tion type  of  unit  the  engine  is  not  intended  to  be  put 
in  service,  unless  there  is  a  half-load  or  more,  hence  the 
gas  side  will  always  be  fully  loaded.  There  has  been  no 
attempt  to  govern  the  gas  side  other  than  in  cases 
of  over  speeding.  The  steam  side  will  do  all  the  gov- 
erning and  take  care  of  all  the  load  fluctuations.  In 
case  of  trouble  on  the  gas  side,  the  st-eam  side  can  pull 
the  entire  load  with  a  late  steam  cutoff. 

The  engines  will  be  of  the  four-stroke-cycle,  double- 
acting  type  with  water  cooling.  Each  cylinder  will  be 
42  in.  in  diameter  and  7'2-in.  stroke,  the  same  size  as 
those  of  the  big  Ford  engine  installed  last  year ;  see 
Power  for  July  22,  1913. 

The  tandem-compound  condensing  steam  unit  will 
liave  a  high-pressure  cylinder  36  in.  in  diameter  and  a 
low-pressure  cylinder  68  in.  in  diameter  with  a  stroke 
of  72  in.  The  low-pressure  cylinder  will  be  connected 
to  a  surface  condenser  which  in  turn  will  be  placed  in 
a  closed  heating  system.  The  vacuum  will  be  regulated 
to  corresixjiid  to  atmospheric  temperatures  and  during 
the  winter  months  it  will  lie  reduced  to  about  18  in.  and 
the  entire  amount  of  circulating  water  will  be  pumped 
through  all  the  factory  buildings  for  hot-water  heating. 
Su]ierheated  steam  w'ill  be  used  at  a  pressure  of  175 
lb.  and  the  high-pressure  cylinder  will  be  equipped  with 
))oppet  valves,  wjiilc  Corliss  valves  w-ill  be  employed  on 
the  low-pressure  cylinder. 

Exhaust  from  the  gas  engine  will  lie  ctuiducted  into  a 
steam  superheater  located  in  the  steam  line  between  the 
high-  and  the  low-pressure  cylinders,  thus  utilizing  waste 
gases  for  reheating  the  high-pressure  exhaust  steam.  Part 
of  the  exhaust  ga.ses  are  shunted  through  the  jacket 
of  the  high-pressure  cylinder  for  the  purposi'  of  oliminat- 
iiig  heat  losses  in  that  cylinder.  The  exhaust  gases  are 
then  eondiieted  to  the  Iwiler  feed-water  lieater  and  will 
heat  all  the  feed  water  required  for  the  steam  boilers. 

Feed  wiiti'r  for  the  heater  is  secured  fnnn  the  water 
used  for  cooling  in  the  gas  cylinder  jiukefs,  where  it  is 
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brought  up  to  a  temperature  of  from  150  to  180  deg. 
This  is  finally  raised  to  a  temperature  of  about  250  deg. 
m  the  heater  by  means  of  the  exhaust  gases,  as  pre- 
viously mentioned. 

It  is  also  planned  to  arrange  the  batteries  of  boilers 
and  producers  in  such  a  way  that  the  producer  gas  may 
be  passed  through  some  of  the  boilers  on  its  way  to  the 
scrubber  and  thus  utilize  much  of  the  sensible  heat 
for  steam  generation.  Of  course,  the  relatively  low  tem- 
perature of  the  producer  gas  will  prevent  forcing  a  boiler 
in  this  way,  and  it  has  been  suggested  that  provision  be 
made  for  burning  some  of  the  gas  in  the  furnaces  when 
necessary. 

The  engines  are  being  furnished  by  tlie  Hooven, 
Owens,  Rentsehler  Co.,  of  Hamilton,  Ohio,  who  built 
the  two  earlier  gas  engines  for  the  Ford  Co.,  while  the 
Crocker-Wheeler  Co.  is  furnishing  the  generators  and 
Wickes  Bros,  the  boilers. 


M,  ¥.  Bosiirdl  of  Edl^csit^l©ini 

It  is  understood  that  the  board  of  education  of  the  City 
of  New  York  is  about  to  give  final  consideration  to  the 
proposal  that  a  new  bureau  of  engineering  be  created,  with 
a  mechanical  engineer  as  its  executive  head,  to  care  for 
all  engineering  matters  in  connection  with  the  public  school 
buildings    of    that    city. 

For  such  a  new  bureau  to  go  into  effect  in  1915,  action 
must  be  taken  at  once  for  inclusion  in  the  1915  departmental 
budget.  Otherwise,  it  must  lay  over  for  another  whole  year. 
This  matter  has  been  under  consideration  for  a  long  time, 
in  one  form  or  another,  and  it  is  to  be  hoped  that  it  has 
now    reached   a   settlement. 

REASONS  FOR  THE  NEW  BUREAU 
At  the  present  time  engineering  matters  in  the  board 
of  education  are  being  handled  by  three  separate  bureaus  and 
by  many  officials.  The  design  of  engineering  equipments 
for  new  schools  is  handled  by  the  building  bureau,  whose 
head  is  an  architect.  Under  him  are  consulting  sanitary, 
electric  and  heating  engineers,  each  in  charge  of  his  specialty, 
but  limited  by  the  superior  authority  of  the  architect,  head 
of  the  bureau.  In  the  matter  of  installation,  these  designing 
engineers  are  further  limited  by  the  authority  of  the  several 
deputy  superintendents  of  school  buildings,  one  for  each 
of  the  five  boroughs  into  which  the  city  is  divided.  These 
deputies   are   also   architects. 

In  the  matter  of  repairs  and  maintenance  of  engineering 
installations,  the  designing  engineers  have  almost  nothing 
to  sav  as  the  deputy  superintendents  of  school  buildings 
control  the  expenditure  of  all  repair  funds  in  their  respective 
boroughs,  in  most  cases  without  consultation  with  the  design- 
ing engineers,  and  the  several  engineering  inspectors,  while 
nominally  under  the  respective  designing  engineers,  are  ac- 
tually controlled  by  the  respective  deputy  superintendents. 
Supervision  of  janitors  and  of  the  operation  of  the  heating 
plants,  etc.,  is  handled  by  a  separate  bureau,  headed  by  a 
supervisor  or  janitors  assisted  by  three  assistant  supervisors. 
There  are  nearly  700  schools  in  the  city  and  it  is  evident 
that  these  four  men  cannot  adequately  supervise  the  janitors, 
engineers,  cleaners,  etc.,  employed  in  these  buildings.  Clean- 
liness of  the  buildings  is  the  most  prominent  feature  of 
the  janitorial  service  and  as  all  the  boilers,  etc.,  are  hidden 
away  from  view  in  the  cellars,  the  latter  receive  but  'little 
supervisory  attention  hence  conditions  obtain  which  are  likely 
to  lead  to  unsatisfactory  and  uneconomical  operation  of  the 
plants. 

At  the  present  time,  engineering  conditions  in  the  New 
York  City  schools  are  in  a  bad  way,  and  it  is  easy  to  under- 
stand the  causes  of  the  many  criticisms  of  their  heating 
and    ventilation. 

The  Board,  in  its  present  consideration  of  this  matter,  will 
undoubtedly  realize  the  necessity  for  divorcing  engineering 
from  architectural  supervision  and  for  consolidating,  under 
one  competent  mechanical  engineer,  all  classes  of  engineer- 
ing, including  power  plants,  heating  and  ventilating,  electric 
and  sanitary  engineering,  together  with  the  selection  and 
supervision  of  the  operating  engineers  and  janitors  handling 
such  installations.  With  such  a  bureau  of  engineering,  hand- 
ling all  engineering  matters  under  one  head,   there  would   be 


possible  undivided  economical  operation  of  plants,  adoption  of 
the  best  practice  in  design  and  wise  expenditure  of  repair 
funds,  with  consequent  savings  in  costs  of  fuel  and  inspec- 
tion, and  more  satisfactory  conditions  in  the  schools  as  to 
sanitation,    ventilation,    etc. 

The  New  York  Chapter  of  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers,  at  a  recent  meeting,  unani- 
mously passed  resolutions  favoring  the  creation  of  the 
proposed  new  bureau,  which  resolutions  were  transmitted  to 
the   board    of   education. 


iica.g©   uo    inleJip  isJ.  ^ 

To  show  their  liospitality  and  to  render  any  service  pos- 
sible to  delegates  and  visitors  stopping  over  at  Chicago  on 
their  way  to  the  National  Convention  at  Milwaukee,  Locals 
Nos.  1,  2,  2S  and  38,  N.  A.  S.  E.,  of  Chicago,  have  securtd 
quarters  at  the  Fort  Dearborn  Hotel,  Van  Buren  and  'La 
Salle  Sts.  Here  a  committee  from  the  joint  associations, 
assisted  by  the  ladies'  auxiliaries  of  Chicago,  will  hold  open 
house  and  do  their  best  to  welcome  and  entertain  incomin^r 
conventioners. 

Members  of  the  committee  will  be  in  constant  attendance 
on  Saturday,  Sunday  and  Monday  preceding  the  convention, 
and  will  be  glad  to  meet  any  or  all  delegates  at  the  train. 
All  that  will  be  necessary  is  a  postal  to  Al.  Johnson,  chief 
engineer  of  Mandel  Bros.,  Chicago,  111.  The  hotel  is  central 
and  has  a  wide  range  of  prices,  so  that  reasonable  accom- 
modations may  be  secured.  A  hearty  welcome  is  assured  to 
all,  and  it  is  the  hope  of  the  committee  to  greet  a  large 
delegation. 


Charles  C.  Hughes  has  succeeded  S.  A.  Bockius  as  general 
Western  sales  agent  for  the  Elliott  Co.  and  the  Liberty  Mfg 
Co.     His  headquarters  are  1542  Monadnock  Block,  Chicago,  111. 

William  De  Groot,  Grand  Rapids,  was  elected  doorkeeper 
at  the  recent  annual  state  convention  of  the  Michigan  N.  A. 
S.  E.,  instead  of  Edward  Rose,  Detroit,  as  stated  in  the  Aug. 
4   Issue. 

J.  M.  Smith,  for  13  years  a  member  of  the  engineering 
corps  of  the  Crocker-Wheeler  Co..  has  accepted  the  newly 
created  position  of  engineering  manager  at  the  Triumph  Elec- 
tric Co.'s  works,  Cincinnati   (Oakley),  Ohio, 

Frank  H.  Ball,  who  has  been  connected  with  the  high- 
speed engine  business  as  inventor  and  manufacturer  since 
its  infancy,  has  withdrawn  from  that  field  to  engage  in  the 
manufacture  and  sale  of  carburetors.  Associated  with  him 
under  the  firm  name  of  Ball  &  Ball,  at  Detroit,  is  his  son, 
Frederick  O.  Ball,  until  recently  general  manager  of  the 
American   Engine   &   Electric  Co. 


electric-light 
lill   build 


-WEST    OF    THE    MISSISSIPPI 

Bids   will    be    received    until    Sept.    7,    by    the    City    CouncU, 
Alvord,     Iowa,     for     constructing     a     municipal     eJ-'  — 
plant. 

The    Central    Light    &    Power   Co,    Boone,    Iowa 
an   electric-light   plant    in    Dayton,   Iowa. 

Press  reports  state  that  bids  will  be  received  by  the  city 
of  Topeka,  Kan.,  until  Oct.  1.  tor  installing  in  the  municipal 
electric-light  plant,  a  250-kw.,  60-cycle,  three-phase,  2300- 
volt    turbo-alternator    with    exciter. 

A  municipal  electric-light  system  wiU  be  constructed  at 
North   Bend,  Neb.      The   estimated   cost   is    $21,000. 

Bids  will  be  received  by  C.  L.  Jones,  City  Audr.,  Parker 
S  D  until  10  am,  Sept.  4,  tor  constructing  an  electric-light 
Plant  The  worli  consists  of  a  power  station,  oil  engines  and 
accessories,  generators,  exciters,  etc.,  and  a  pole  line  and 
wiring.     J.   F.  Druar,  St.  Paul,  Minn.,  is  Consult.  Engr. 

F  H  Mudd  Maben.  Mo.,  has  been  granted  a  franchise  to- 
construct  an  electric-light  plant.  He  is  in  the  market  for 
machinery.  .  ,     .    , 

Carl  Shipp,  Winnsboro,  Ark.,  is  m  the  market  for  equip~ 
ment   for   his   electric-light    plant,   which   will   be    enlarged. 

Bonds  for  $100,000  have  been  voted  by  the  citizens  of 
Mangum,  Okla. :  the  proceeds  will  be  used  to  equip  an  elec- 
tric-light   and   power    plant. 

The  Salt  Lake  Light  &  Traction  Co.,  Salt  Lake  City.  Utah, 
has  been  organized  with  a  capital  of  $1,000,000,  to  establish, 
power  plants  and  distributing  systems.  O.  J.  Salisbury  is 
Pres 

The   San   Joaquin    Light   &    Power  Co.,   Merced,   Calif      '•    •° 
reported,    will    double    the   canacity   of  its   gas_olant   "■■ 
install    liew    generating    machinery, 
is  Gen.  Mgr. 


Wishon. 
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AFTER  ALL,  unselfisliness  is  tlic  best  kind  of  selfishness.      It  pays.     'lO  do  your  best  for  somebody  else  ii 
generally  the  best  way  to  do  the  best  for  yourself. 

If  you  can  show  the  boss  how  to  save  money  or  get  better  results,  you  will  have  a  heavier  load  of  a  pay  en- 
velope to  carry  home  or  else  he  is  the  wrong  kind  of  a  boss  and  you  had  better  look  out  for  a  new  one. 

If  you  tell  the  boss  you'll  do  more  work  if  he'll  give  you  more  money,  you  probably  won't  increase  your  de- 
posits in  the  savings  bank.  But  if  you  do  more  work  first,  you  have  a  right  to  demand  more  money  and  you 
don't  have  to  ask   for  it  as  a  favor. 

Most  bosses  come  from  Missouri  and  if  jou  know  enough  geography  to  show  tlicm  the  map,  they'll  come 
across  the  border. 


Work  and  the  world  is  with  you;  loaf  and  you're  left  alone. 


[By  Hugh  MoUcion  Foster,  New  York.] 


328 


POWER 


Vol.  10,  No.  10 


tlMfioinip  Louslsvlll©  (Qi 


Bv  AVakrex  0.  Rogers 


SYNOPi>IS — The  most  inlercstiiig  feature  i.<  the  conden- 
ser jdl,  o^i  fl.  deep  and  SO  ft.  in  diameter,  in  irlricii  are 
the  vertical  surface  condensers  and  circulating  and  houye- 
i-errice  pumjis:  TIte  piping  is  arranged  to  dispense  u'itli 
all  steam  traps.  An  indicating  panel  in  the  boiler  room, 
controlled  bi/  the  sirilchboard  operator  in  the  turhine 
room,  notifies  the  firemen  when  a  machine  is  to  be  .<itarted 
and  fl./.-.o  the  load  being  carried. 

About  one  year  ago  H.  M.  Byllesby  &  Co.  effected  a 
consolidation  of  the  five  electric  and  two  gag  companies 
vhich  had  hitherto  been  operated  separately  in  Louis- 
ville, Ky.  These  ])lants  are  now  operated  by  the  Louis- 
ville (ins  &  Electric  Co. 


and  30  ft.  ]n  diameter.  This  arrangement  was  made 
necessary  by  the  45-ft.  rise  and  fall  in  the  stages  of  the 
Ohio  River  at  the  plant  site.  The  well  is  built  of  con- 
civte.  with  walls  4  ft.  thick.  The  barrel-shaped  intake 
and  discharge  tunnels.  Fig.  2,  are  below  the  bottom  of 
the  condenser  well,  and  are  fl  ft.  long  and  7  ft.  high  at  the 
center.  Watr-  is  taken  from  the  river  through  a  concrete 
screen  well  wliich  is  535  ft.  from  the  two  concrete  intake 
cribs,  75  ft.  apart,  and  carried  through  two  cast-iron 
flanged  pipes  with  flexible  joints.  From  the  river  water- 
line  4r2-in.  concrete  pipes  extend  to  the  screen  well,  made 
with  two  com])artments,  each  connecting  with  a  42-in. 
su]i])ly  ])ipe;  the  screens  are  ])laced  diagonally  across  each 
comiiartmcnt.   I''ig.  3.     The  well  is  connected  to  the  con- 


FiG.  1.     TcRBiXE  Roojr  of  the  W.vTEii.siijE  Statiox  of  the  LorisviT.i,i;  (ivs  \-  Electric  Co. 


The  Waterside  station,  formerly  belonging  to  the  Ken- 
tucky Electric  Co.,  and  the -14th  Street  station  of  the  for- 
mer Louisville  Lighting  Co.,  are  connected  by  tie  lines 
and  supply  electrical  energy  for  the  city  and  suburban 
territory,  the  other  smaller  plants  being  shut  down.  The 
A\'aterside  station,  on  the  river  front,  is  the  more  mod- 
ern, having  been  built  about  eighteen  months  ago.  Al- 
though there  is  but  one  2000-  and  one  4000-kw.  turbine 
unit,  the  station  is  designed  for  an  ultimate  capacity  of 
64,000  kw.  At  the  present  time  extensive  additions  are 
in  ])rogress  of  construction. 

The  two  turbines.  Fig.  1,  are  housed  in  a  building  134 
ft.  wide  by  10?  ft.  long.  The  building  is  three  stories 
high,  exclusive  of  the  basement,  and  the  boiler  and  the 
turbine-room  floors  are  on  the  same  level.  The  two  gal- 
lerie :  on  the  left  side  of  the  turbine  room  are  devoted  to 
switch  and  busbar  compartments  and  to  lightning-ar- 
rester apparatus. 

CoxDEXSEi:  Pit 

An  interesting  feature  is  the  arrangement  of  the  con- 
densei"s  in  a  pit  52  ft.  3  in.  below  the  turbine-room  floor 


denser  pi])e  bv  concrete  intake  tunnels.  Fig.  2.  The  top 
of  the  upper  tunnel  i.s  between  four  and  five  feet  below 
the  average  low-water  mark,  and  the  siphon  principle  as- 
sists in  circulating  the  cooling  water  through  the  con- 
densers. Either  tunnel  can  be  used  as  an  intake  or  dis- 
charge by  means  of  valves  arranged  in  the  pipes  leadinu- 
to  the  river.  By  reversing  the  flow,  any  sediment  that  col- 
lects can  be  wa.hed  out. 

Fig.  4  is  a  view  of  the  condenser  pit  taken  from  the  tur- 
bine-room floor.  There  are  two  specially  designed  ver- 
tical, double-pass  condensers,  each  with  10,000  sq.ft.  of 
cooling  surface.  The  No.  18  gage  tubes  are  1  in.  in  diam- 
eter and  14  ft.  9  in.  long.  Each  condenser  is  capable  of 
taking  the  steam  from  a  4000-kw.  turbine  and  is  con- 
nected to  its  turbine  by  a  60-in.  pipe  which  enters  the 
condensers  at  the  side.  The  8-in.  air  pipe  is  taken  out  at 
the  opposite  side  and  extends  up  to  the  14  and  8  by  18- 
in.  dry-air  pumps  at  the  back  of  the  2000-kw.  turbine,  as 
in  the  plan  view,  Fig.  10.  The  20-in.  tri-rotor  circulating 
turbine-driven  pumps  are  each  capable  of  delivering  9000 
gal.  of  water  per  minute  against  a  15-ft.  head.  There  is 
also  a  4-in.,  two-stage  hotwell  pump  on  the  end  of  each 


Septemltor  8.  1914 


r  0  A\"  E  E 


329 


circuhitiiig-pump  shall.  \v\*:h  a  caparity  of  200  gal.  per 
mill.  The  general  arrangement  and  details  of  the  con- 
densers, pumps  and  piping  in  the  condenser  pit  are  shown 
ill  Fig.  5.  Tlie  20-in,  suction  pipe  from  the  intake  tunnel 
terminates  at  an  angle  valve  at  the  top  and  the  short  20- 
in.  discharge  pipe  enters  the  condenser  through  the  bot- 
lum  licad. 

ill  order  tn  determine  llic  cniiditiiiii  of  the  screens  in 
ihe  intake  well,  lloats  have  been  placed  in  the  tunnels  and 


same  row,  a: id  when  the  proposed  extensions  are  made 
there  will  be  room  for  si.x  additional  boilers  in  a  .second 
row  opposite  with  a  30-ft.  firing  aisle  between.  The  pres- 
ent 500-lip.  boilers,  Fig.  6,  each  having  5087  sq.ft.  of 
heating  surface,  are  equipped  with  chain-,<n-ate.  stokers, 
each  having  a  grate  area  of  108  sq.ft.,  or  a  ratio  of  1  to 


Kmovatiox  of  the  Power  Plant,  Siiowixn 

llli:  f'O.NMENSKl!  Wi:i.L 

ronnccted  to  graduated  indicating  tapes  so  broiiglit  uj) 
tlirougii  vertical  pipes  that  the  operator  on  the  turbine- 
room  floor  can  determine  by  the  gage  reading  tiie  dif- 
ference in  the  water  level  in  tlie  pipe,  which  corresponds 
to  tile  friction  head  required  to  force  the  water  through 
the  .screens  and  tunnel.  It  is  contemplated  to  so  improve 
this  device  that  recording  chart  records  may  be  made. 

BoiI.KIi   Poo.M 
The  four  water-tube  Ixiilers  arc  arrangeil   in   batteries 
of  two,  in  a  single  row,  with   room  for  two  more  in  the 


V777/P7T 


The  252  four-inch  tubes  ai 
It:  tubes  wide  and  It  high.  'Vho  drums  are  V  in.  in 
diameter  and  18  ft.  long.  The  boilers  are  built  for  20(» 
lb.  pressure.  The  sujierheaters  are  designed  to  .su])erheat 
as  high  as  125  deg. ;  this  temperature  is  varied,  accord- 
ing to  the  load  carried. 

The  furnace  gases  after  pa.<sing  through  the  boiler  go 
teel  stack  lined  with  firebrick  throughout.  The 
slaik  is  250  ft.  high,  12  ft.  in  diameter,  and  has  an 
iiiiM  (if  113  sq.ft.  \\'ith  the  present  boiler  capacity,  then- 
is  one  square  foot  of  stack  area  for  every  3.82  sq.ft.  of 
giate  surface,  or  one  square  foot  of  stack  area  for  each 
'i  boiler-horsepower  rating.  When  the  other  two  boilers 
•ed.  the  ratio  of  stack  area  to  boi!»r-horsepowor 
IS  1  to  26.5.  The  stack  is  sup])orted  liy  steel  iieams, 
so  tliat  the  bottcmi  is  above  the  turbine-room  roof;  Fig.  2 
shows  the  arrangement  ami  the  smoke  flue.  The  brick 
lining  is  4  in.  thick  at  the  to]i  and  (>  in.  at  the  bottom. 
To  prevent  corrosion,  grout  is  used  between  tlie  brick  lin- 
ing and  the  steel  shell. 

F«.^ed  water  is  supplied  liy  three  tiiibine-driven.  l-in., 
l-stage  turbine  imnips  discharging  against  a  head  of  225 
II'.,  with  a  cajiacity  of  150  gal.  ]ier  min. ;  these  pumps 
!;re  in  the  basement  under  the  turbine  room.  The  liof- 
WcU  water  for  boiler  feed  and  all   makeup  water  in  the 
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Tunnel  Section  8  x6-9  U- Concrete  pipe  ^2"diametei ->T-Casl--i 

dio 

Fi(i.  ;!.     Profile  and  Sectiox  through  East  V\v\ 

jackets  oi  tlio  (Irv-vacmim   ]iuiii]is  ami   turliino  boariiifjs 
is  jiassed  through  filters. 

Although  coal  is  now  (U-livered  hy  rail,  the  plant  is  so 
located  that  when  arrangements  have  been  made,  ii  can 
1)6  received  by  boat.  Tt  is  duni].)ed  into  eonci'ete  Ijunkcrs 
belbw  a  spur  track  and  then  hoisted  by  a  1.5-cu.yil. 
i-lamsliell  bucket  and  em])tied  into  a  set  of  crushing  rolls 
on  the  roof.  The  crusher  has  a  capacity  of  t)5  tons  per 
iiour.  If  the  coal  does  not  require  crushing,  it  is  de- 
livered to  a  2-i-in.  belt  conveyor  running  over  the  SO-t  ^i 


Fig.  4.    View  of  the  Coxdexser  Well  fkom  tfie  Tue- 
BixE-Roo:\i  Floor 

capacity  bunkers.  The  hoist  is  operated  by  a  ll"i-hp. 
Inotor,  the  crusher  by  a  30-  and  the  conveyor  by  a  5-hp., 
230-volt,  three-phase  induction  motor. 

The  boiler  ashpits  are  made  in  two  compartments,  one 
for  the  fine  coal  sifting  through  the  stokers  and  the  other 
for  the  ash.  Under  the  hoppers  is  a  30-in.  conveyor  belt 
for  handling  either  the  ash  or  fine  coal  sifting.  The  ashes 
are  discharged  into  a  concrete  ash  bin  outside  of  tlie  plant, 
from  which  they  are  loaded  into  railroad  cars  by  the 
coal-hoiit  bucket. 


'-^  Steam  from  I  he  superheater  of  each 

set  (if  Iwii  lioilers  is  piped  to  a  10-in. 
lead   connecting  with   a    12-in.  steam 

>j  header   iic\t  lo  I  lie  wall   in  the  boiler 

room.  I'^roiii  this  header  a  Ki-in. 
branch  line  goes  to  each  main  tur- 
bine. Expansion  loops,  jilaced  hori- 
zontally over  the  boilers,  j'elieve  the 
pipe  system   froni  strains. 

Feed     walei-    is    supplied    through 

either  the   main    5-in.   header  or   the 

r)-iii.  auxiliary  boiler-feed  line;  both 

are   ]nped   to  the  boiler-feed   pumps. 

Exhaust    steam    from    the    pumps 

and    auxiliary    turbines    is    piped    to 

a    main    feed-water    heater    in    the    turbine    room.     All 

si  earn    traps   have   been    eliminated   by   drains   arranged 

iiir   the  high-pressure  steam   mains.     The   main   header 

and  the  10-in.  supply  pipes  to  the  main  turbines  drop  12 

It.  and  pass  in  through  the  separating  wall  to  the  tur- 


FiG.  5.     Plan  and  Elevation  or  the  Condenser  WelIi 


Septemhpr  8,  1914 


r  n  \v  !■:  u 


3;m 


Fui.  (i.     Fori;  ood-llp.  WAXEii-Trm-;  Boileks 

himis.  A  3-in.  jjipe  cdiinccts  witii  the  bottom  of  the  el- 
l)()\v,  where  the  10-in.  pi])e  makes  the  turn  and  is  carrieil 
lo  the  house  i)umi)s  in  the  bottom  of  the  coiiflenser  well. 
All  sui)ply-])i])e  lines  to  the  auxiliary  units  are  taken  from 
ihc  top  of  the  auxiliary  hearler.  From  the  bottom,  two 
coiuK'etion.s  are  taken  from  the  under  side  of  the  header 
and  i)iped  to  the  reciprocating  house  ]iunips  at  the  bot- 
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limi  of  llic  condenser  well.  Ilv  this  arrangcniciit.  I'"ij:.  7, 
all  water  of  condensation  goes  to  fho  sorviee  |)umps  and  is 
(li>i]iosed  of  tiirouirli  the  ('xluiust  to  the  heater. 

l'.otT.i:i:-l?noM    IvniCATOU 

All    iiileicstiii','    indicatiiiR   sysleni    has   1 ii   arrangeil 

whereby  the  operator  can  signal  to  the  lirerooni  the  load 


to  be  carried,  thus  giving  inrornintiim  of  the  itiiHuini   ol' 
^team  required  at  any  time. 

The  system  has  an 
indicating  panel, 
I'ig.  8,  in  the  iioiler 
room,  where  it  can 
lie  seen  from  the  fir- 
ing aisle  by  the  lire- 
men.  The  casing  is  6 
ft.  high  and  "l  ft. 
w  idc.  The  panel  face 
i>  numbered  from  -"lOO 
to  4.500  kw.  at  .500- 
i^w.  intervals.  Hack 
I'f  tile  fare  are  in- 
<  nink'scc'iit  I  a  m  p  s 
MJiicli  illiniiiiialc  tlio 
load  iiumliei-  to  be 
carried  by  the  tur- 
bines. The  lani]is  arc 
connected  to  an  o]ier- 
ating  switch.  Fig. 
'■'.  at  the  swiirb- 
lioaril  in  the  turbine 
room,  the  switch  be- 
ing a  handle  with  a 
sliding  contact  which 
can  be  brought  over 
.my  one  of  the  1"^  Inittons.  or  liridge 
desired. 

Each  button  corresponds  to  a  panel  on  the  signal  load. 
When  the  handle  is  placed  at,  say,  ."iOOO  on  the  switch, 
the  lamp  back  of  the  corresponding  figure  on  the  indicat- 
ing board  is  lighted.  If  the  load  is  between  3000  and 
.3.500  kw.,  the  two  corresponding  contacts  are  bridged  by 
the  handle,. thus  lighting  both  indicator  panels.  Should 
it  be  necessar}'  for  the  operator  to  start  a  second  turbine, 
the  switch  handle  is  moved  to  the  "start"  contact  before 
the  machine  is  started  up.  Tn  conjunction  with  the  signal 
panels  there  is  a  return  call  bell  controlled  by  three-way 
switches. 

In  ca.se  the  fireman  is  in  doubt  as  to  the  load  being- 
carried,  due  to  the  operator's  failure  to  change  the  ]ianel, 
a  three-way  switch  is  pushed  which  lights  up  two  arrows 
similar  to  those  shown  at  the  top  and  bottom  of  the  in- 
dicator, on    the  desk   board.     The   operator  then   either 


Ki;_ 


iMIl'vATJWi    l')OAl;|l 

IV  two  buttons.   I  r 


to  Energy 
Supply 


Kya-rfaij  Swi-tch  3-r(aySwHch  \ 


ToEnerqu 


Conduii- ... 


Switch  in  Turbine  Room 


■|o.  ;•.     (.'ONXKCTIONS  Ol"  Cam.  I'.ii.i,   wh  Imucatoi: 
Mkchamsm 


IM)  W  E  R 


Vol.  40,  N( 


diango.<  the  iiidualor  aictudiiig  lu  tlu'  load  can-iotl  or 
lights  iqi  om;  or  tlio  otlier  oi'  tlu-  arrows  in  the  boiler 
room,  iudieatiiig  that  the  h)ad  will  either  increase  or  de- 
crease. 

ArxiLiAiiv    KLwriiu-AL  Units 

Exciting  current  is  supplied  to  the  main  generators  by 
a  100-kw.  turbine-driven,  125-volt  generator  at  3400 
r.p.m.,  or  by  a  150-hp.  motor  driving  a  100-k\v.,  125-volt 
direct-current  generator  at  900  r.p.m.  There  is  also  a 
5.3-kw.,  220-volt  motor  generator  for  supplying  energy 


lor  ihargiiig  the  storage  balterics  used  I'or  switchboard 
control. 

One  500-kw.  synchronous  niotor-gciici'alor  set,  in  the 
turbine  room,  furnishes  600-volt  direct-current  service 
This  set  is  operated  by  660()-volt,  three-jjhase  energy  anil 
supplies  current  at  600  volts  for  the  commercial  motor 
circuits.  It  is  designed  for  70  per  cent,  power  factor  cor- 
rection. 

At  the  north  end  of  the  plant  is  the  operating  engi- 
neer's office.  The  switchboard  is  at  the  side  of  the  build- 
ing at  the  opposite  end  of  the  turbine  room. 
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No.       Equipment 
1  Turbo-generator. 

1  Turbo-generator. 

2  Condensers 

4  Boilers. 

4  Superheaters. . .  . 

2  Pumps 

2  Pumps 


2  Turbines. 
2  Pumps.  .  . 
1  Chinuiey. 


PRINCIPAI.  EQl 
Kind 

Curtis,  G.  E 

Curtis,  G.  E 

Surface 

B.  &  W 

B.  cS:  W 

Dn,air 

Circulating  tri-rotor 


Fig.  10.     Plan  of  the  Waterside  Power  Station 

IPMENT  OF  station  B  (WATERSIDE)   OF  THE  LOUISVILLE  GAS  &  ELECTRIC  CO. 


Size 
2000  kw... 

4000  kw Ml 

10,000  sq.ft 
500  hp. 
500  hp 


Operating  Conditions 
1.,  2300-4600  voltji.  175  lbs.  steam 
I.,  2300-4600  volt?.  175  lbs.  steam. 


Single  stage 

Single-stage 

Steel,  brick  lined . 


.„.-ft.  head Alberger  Pump  &  Cond.  Co. 

..^.„i.,  185  lb.  steam Alberger  Pump  &  Cond.  Co. 

nted  on  shaft  of  circ.  pump Alberger  Pump  k  Cond.  Co. 


3  Pumps 

1  Turbine 

2  Turbines 

1  Coal  hoist 

1  Crusher 

1  Conveyor 

1  Turbo-generator. 
1  Motor-generator. 
1  Motor-:^nerator. 
1  Motor-generator. 
1  Feed  water  hea- 
ter  

1  Crane 


Four-stage 

Single-stage 

Single-stage 

Clamshell  bucket . 

Coal 

Belt 

Steam.  D.c 

Ac.  D  c 


Use  Operating  Conditions  Maker 

General  Electric  Co. 
General  Electric  Co. 

With  turbines 28-29  in.  vacuum .\lberger  Pump  &  Cond.  Co. 

Steam  generators  .    185-lb.  steam,  125  deg.  superheat    Babcock  &  Wilcoi 

Steam  boilers 125  deg.  superheat Babcock  &  Wilcox 

14x8sl8-in  On  condensers .Separate,  with  interconnection Alberger  Pump  &  Cond.  Co. 

20-in.,  90(X)  ga!. 

capacity With  condensers Work  against  1 

200  hp Driving  tri-color  pumps.  .    1300 

4-in Hot  welt 

250  ft.   high.    12  ,       .  _ 

ft.  diam Furnace  gases Natural  draft Kennicott  Co. 

4-in Boiler  feed  water   9700  r.p.m.  turbine  driven .\lberger  Pump  &  Cond.  Co. 

ISO  hp Driver  boiler  feed  pump  .  9700  r.p.m.,  185  lb.  steam General  Electric  Co. 

150  hp Dri\nng  boiler  feed  pumps  2700  r.o.m.,  185  lb.  steam  Terry  Steam  Turbine  Co. 

1 .5  cu.yd.  cap . .  .   Hoisting  coal Intermittent Orton  &  Steinbrenner 

6.5  tons  per  hour.  Crushing  coal Intermittent,  by  motor  Orton  <t  .^teinbrenner 

30-in .\sh  or  fine  coal  sifting Intermittent ..  Robins  Belt  Convening  Co. 

100  kw Exciter  unit 185  lb.  steam.  125  volt*,  2400  r.  i.m General  Flectric  Co. 

150  bp.,  100  kw.     Exciter  unit 900  r.p.m.,  125  volts General  Electric  Co. 

5.3  kw Charging  storage  batteries  Intermittent,  220-volt ("-nnfral  Electric  Co. 

500  kw Power  service 600-volt WestinghouseEIec.&Mfg.  Co. 

2000  hp Boiler  feed  water Continuous Piatt  Iron  Works  Co. 

40  tons  &  5  tons.  Turbine  room  equipment.   220  volt,  A.C.,  intermittent Northern  Crane  Co. 
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Till'  i)li()togi'u]jlis,  Fij,'.-;.  J,  '-',  4  aud  5,  show  rufiise 
akcn  from  an  8.x8-ft.  coiKlensiiig-water  intake  for  tlu> 
Sixty-sixtli  Street  station  of  tlie  Edison  Kleetrie  Illum- 
inating Co.  of  Urooklyn,  X.  Y.  'Die  refuse  represents 
:iii  accumulation  of  about  eight  veai-s. 

I'lean  the  tunnel  the  entrance  was  closed  by  the 
u  inch-operated  gate,  Figs.  3  and  4,  and  a  small  motor- 
riven  centrifugal  piini])  u.sed  to  empty  it  and  pump  out 
I  he  leakage.  >.'otice  the  heavy  timbers  in  the  fore- 
ground of  Fig.  1.  These  timbers  had  long  heavy  bolts, 
F-beaniH  and  stones  fastened  to  Ihem,  evidently  to  keep 
Ihcm  sul)mergcd.  Tlie  accumulation  is  chiefly  wood 
and  mu<l,  tons  licing  taki  ii  out.  The  cleaning  was  done 
on  Sunday  wliile  the  slalion  load  was  carried  by  (he 
(iold  Stnvl  sinlinn. 


3:34 
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^raibiliiiy  ©f  Iroim  s^imdl  Sfteel  PSp< 


By  William  Hikst 


SYNOPSIS — Sufji;rs1.'^  renxonx  irlnj  xti'p]  pipe  sdiiirllmrx 
corrodes  faster  lliaii  llic  ii  rnuc/lit-iioii.  I'nhils  mil  llir 
hndenry  lo  overlook  llie  differeiues  of  com jiosi lions  <if 
metalt  in  pipe  subject  to  test,  thus  loireriun  the  rtilue  of 
test  results. 

Manufacturei-s  of  steel  jiipe  maintain  tlmt  there  is 
no  difference  in  the  (Inrahility  of  iron  over  steel  pipe,  vel, 
while  favorinjr  the  use  of  steel  hreauM'  of  iis  siventflh 
and  uniformity,  ihe  wi-it.'i's  experience — exteudinji-  over 
twcntv-six  years  in  rolling  mills,  where  both  metals 
were  in  ]n-ocess  of  manufactnre,  and  eight  years  in  a 
rul)her  manufacturing  concern  using  iron  and  steel 
lorms — teaches  him  that  there  is  a  substantial  difference. 

Years  ago,  when  steel  shapes  were  being  introduced, 
it  was  noticed  that  steel  ey posed  to  ihe  weather  rusted 
rapidly  and  soon  became  unsalable,  while  iron  sulfered 
comparatively  little.  The  iron,  being  rolled  at  a  much 
higher  temperature,  formed  a  thick  coat  of  scale  over 
its  surface  which  undoubtedly  jjrotected  it,  but,  aside  from 
that,  it  was  found  tli;il  iron  was  Ir-s  oxidizabie  than 
steel. 

During  the  eighties  a  man  approadied  our  tirm  with 
a  proposal  to  make  wire  door  mats,  it  was  suggesti'd 
that  his  idea  was  im])ractical)le  bei^ause  the  steel  or- 
dinarily would  be  a  nuiss  of  rust  in  a  few  weeks.  He 
showed,  however,  that  he  had  a  steel  that  was  practically 
rustless;  it  subse(iuently  proved  to  be  heavily  alloyed 
with  nickel,  dispelling  the  idea  that  steel  could  not  be 
made  as  rustless  as  iron. 

Kent  states  on  jtage  (5^4  of  his  handbook:  "The  re- 
sistance to  corrosion  increases  with  the  percentage  of 
nickel  up  to  18  per  cent.  This  alloy  is  practically  in- 
corrodible." Of  course,  an  alloy  tlia:  high  is  imprac- 
ticable, but  it  shows  what  can  be  done.  'I'here  are  other 
alloys  which  tend  to  make  steel  better  in  this  resiJect, 
and  it  seems  remarkable,  in  view  of  the  possibilities,  that 
steel  should  be  more  corrosive  than  iron. 

The  question  of  the  durability  of  iion  and  steel  pipe 
has  been  discussed  until  it  would  seem  that  the  subject 
was  exhausted.  Tests  have  been  made  in  laboratories 
and  other  places  to  determine  which  was  the  least  af- 
fected by  corrosive  elements  in  the  fluids  passing  through 
or  over  iron  and  steel.  The  results  are  not  conclusive; 
they  sometimes  favor  one,  sometimes  the  other,  and  thus 
the  user  is  left  to  his  own  judgment.  There  may  be, 
and  doubtless  is,  steel  pipe  inade  that  will  rust  as  little 
as  iron,  but  it  can  be  safely  stated  tliat  the  general  run 
of  steel  pipe  is  inferior  to  iron  pipe  not  only  in  this 
respect,  but  in  the  perfection  of  its  weld  and  its  work- 
able qttalities  in  the  dies. 

As  tised  in  the  manufacture  of  ]>i[)e,  steel  is  un- 
doubtedly purer,  more  homogeneous  and  has  greater 
strength  and  ductility  in  the  softer  grades  of  steel  from 
which  pipe  is  made.  It  is  of  one  kind,  one  degree  of 
ductility  and  one  hardness.  Iron  is  fibrous,  it  is  often 
made  up  of  bars  of  scrap,  and  it  contains  more  or  less 
foreign  matter  between  the  layers.  Knowing  this,  it 
seems  anomalous  that  iron  pipe  should  be  preferred  to 
steel.  If  it  were  a  matter  of  strength  alone,  steel  would 
best   meet   the    requirement,   but   strength   is   often  sec- 


ondary; the  al)ility  of   the  uu>tal  to  resist  the  corrosive 
arliuii  of  the   tliiids   in   ciintaet   with   it  is  tlie  prime  I'nii- 


sideration. 

As  to  which  is  th( 
b)iiger  without  grooving 
liio.  wilbout  prejudice, 
iilbei'  nccoi-ding  to  their 
Vi  ay. 

iron  has  1 
rosivc  .iclidii 
some  kind  ot 
compounds  u 
been  found  t( 


least    oxidi/.abl 
man\     \i\ 


will    hist    till 
fei'    ii'nn.    and    lliat 


decide    for 


•\|iei-ieiice,  and   this   is  the  best 


'11  round  to  resist  llie  scoring  and  <'or- 
!'  llic  discharge  li-om  \  iilcanizers  \\lier" 
icid  is  generated  by  the  steam  from  tile 
il  in  making  rubber  goods.  It  has  also 
ast  longer  than  steel  when  used  I'or  o|ieii 
returns  carrying  condensate  and  vapor  from  lieating 
coils.  In  the  fcn-nier  case,  the  discharge  from  these 
vessels  will  lilt  through  the  jiaiiitiiui  in  a  brass 
globe  \;\\\f  111  a  comparatively  short  time;  an  iron- 
body  gate  \al\c  will  outwear  them,  but  an  iron 
asbestos-pa(  l<e(l  cuck  is  best.  With  experience  like 
this    and    with    better    prices    urging    the    use    of    steel 
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\\'e 


what     is 
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there    in    iron    that 
elements   better  and 


clicmically    pure   iron  exists  only  as 

elallurgist's  laboratory,  and  that  as 

be  considered  as  a  substance  of 

\\'itli    certain    metallic    or    non- 


metal 


with 


icli  it  is  found,  or  which 
,  it  I n'comes  .useful  for  an 
When  we  consider  that,  no 
efiniiiir  the  products  called 


siibstani 
ar(>  added  as  alloys,  hiiwe\ 
inliiiite  \arie|y  of  ])ur]ioses 
matter  lo  what  process  of 
iron  or  steel  may  have  been  subjected,  their  base  is  iron, 
they  are  alike,  and  whatever  difference  there  may  be  in 
the  ])roducts  it  is  due  to  coui])osition,  to  the  process 
(if  inanufacture,  or  to  both. 

If  either  has  an  advantage,  wi^  may  safely  assume 
that  it  is  tlie  presence  of  substances  chemically  combined. 
Wrought  iron  commonly  contains  stxlphur,  phosphorus, 
silicon,  carbon  and  cinder  or  slag.  In  an  analysis  of  a 
good  wiought  iron,  the  cinder  and  silica  predominate. 
These  may  be  said  to  be  noncorrosive  substances,  and 
there  is  no  doul)t  that  whatever  degree  of  superiority 
wroughl  ii'on  may  ha\'e  o\er  steel,  it  is  due  to  the  pres- 
ence of  these  substances.  The  total  percentage  of  im- 
])urities  in  a  good  grade  of  iron  is  given  at  1.345,  of 
which  1.1()8  is  cinder.  0.0(17  jihosphorus,  0.065  silica 
and  0.045  carbim.  Here  we  liaM'  a  noncorrosive  agent 
or  agents  more  in-  less  evenly  distributed  throughout  tlie 
mass,  protecting,  in  a  measui'e,  the  particles  of  pure  iron. 

An  analysis  of  soft  bessemer  steel  is  given  as  con- 
taining a  total  of  0.()05  per  cent,  of  impurities,  the 
amount  of  silica  being  0.1  :)5,  earlion  O.l'-^tJ;  cinder  not 
mentioned.  An  analysis  of  open-hearth  steel  shows  a 
still  greater  degree  of  purity,  the  total  impurities  being 
0.385,  of  which  carbon  is  0.167,  silicon  0.023.  In  com- 
parison, would  not  this  steel,  because  of  its  purity,  rust 
much  quicker  than  iron?  The  softer  and  purer  steel 
or  iron  may  be,  the  more  susceptible  to  rust  either  be- 
comes. It  would  therefore  seem  that  to  make  them  less 
susceptible,  the  particles  of  pure  iron  must  be  protected 
by  some  substance  held  in  chemical  combination,  as  is  the 
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CTrapliitic  carbon  I'oiiiid  in  gray  wist  iron.  The  sub- 
stance may  be  found  in  the  metal  itself,  it  may  he  taken 
up  in  the  process  of  manufacture,  or  added  as  an  alloy. 
It  is  well  known  that  east-iron  j^ipe  will  last  long  in  soil 
which  would  destroy  wrought-iron  or  steel  pipe  in  five 
years.  Wrought  pipe  has  been  guttered  and  cut  through 
i)y  the  condensate  passing  through  it  while  the  cast-iron 
fittings  were  scarcely  marked. 

Referring  to  a  metallurgist's  analvs-is.  we  find  that 
the  percentage  of  impurities  in  cast  iron  is  from  six 
to  ten,  in  which  carbon  is  as  much  as  four  and  silicon 
as  much  as  SV^  per  cent.  The  value  of  carbon  as  a  pro- 
tective agent  is  well  known.  Sand  and  glass  are  forms 
of  silica,  and  for  our  purpose  would  be  considered  rust- 
less. The  point  to  be  deduced  is  that  the  ability  of 
steel  or  iron  pipe  to  resist  destruction  by  corrosive 
agents  is  largely  due  to  the  impurities  in  the  metal  or 
to  an  alloy;  that  steel  for  making  pijje  can  be  alloyed 
to  make  it  superior  to  iron,  and  no  one  need  hesitate  to 


•  se  sui-h  steel  pipe  in  preifcre«ice  to  geiiu.ine  \Trowght 
iron.  While  this  is  true,  it  is  equally  true  that  the  gen- 
eral run  of  steel  pipe  is  not  made  in  this  way. 

Those  who  have  machined  both  iron  and  steel  loiow 
that  good  steel  is  easier  to  work,  as  it  is  more  even  in 
its  structure  and  density.  If,  in  addition  to  these  quali- 
ties, we  could  be  assured  of  a  composition  calculated  to 
make  it  less  o.xidizible  than  iron,  while  retaining  all  the 
good  qualities  in  respect  to  making  a  perfect  weld  and 
ease  of  working  in  the  dies,  all  apprehension  would  be 
removed. 

Xo  account  is  taken,  usually,  of  the  composition  of 
the  steel  or  of  the  grade  of  the  iron  in  pipe  subject  to 
tests  for  durability.  Steels  for  various  purposes  are 
made  to  specifications,  and  why  not  for  pipe?  With 
this  knowledge  a  comparative  test  would  have  some 
value;  it  would  be  better  than  the  results  of  the  com- 
parisons of  unknown  compositions  under  conditions  per- 
haps much  different  than  those  in  other  tests. 


aslnedl  Air  for  CooMimg'  Trs^HL^ 
formaers 


By  ilELvix  Hall 


SYNOPSIS — A72  nrgument  pointing  ont  the  drxlrahilitii 
of  washing  and  cooling  the  air  blast  to  transformers,  as 
an  aid  to  overload  capacity,  regulation,  efficiency  and 
durability  in  service. 

at 
The  particular  ajiplication  of  the  air-blast  transformer 
is  in  stations  or  sul)stations  of  reasonably  large  capacity. 
where  space  is  not  too  limited,  or  where  'vater  for  the 
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Fifi.    1.       Tll.VN.'^KOItMKK    CH.MiAC'TKllISTICS 

water-cooled  type  cannot  be  conveniently  or  cheaply  <il>- 
Irtined,  and  where  the  capacity  of  the  ordinary  oil-cooled 
type  is  not  great  enough.  \\n  a])j)lication  is  Hniited  I0 
those  stations  whicli  do  not  deman<l  voltages  much  in 
".vcess  of  3."),n()()  volts,  and  it  is  often  used  instead  •>'' 
the  oil-coolcd  type  to  avoid  increa.ned  risk  from  fire. 
The  damper  contiol  is  also  advantageous. 

('M'AfrrV    KOli    OvKliLOAl) 

The  acliuil  oulpnl  of  a  t  iiiiisioniicr  \y  limiled  to  a 
liiMer  value  than  the  llieorcl  ical :  (irst,  because  of  the 
'  I'Ssitv  of  cool   running:  second,  because  the  secondary 


electi-omotive  force  must  be  nearly  constant,  and  third, 
because  of  the  drop  in  efficiency  at  excessive  outputs. 
The  output  of  large  transformers  is  directly  limited  by 
rise  in  temperature.  Naturally,  in  the  air-cooled  type, 
this  rise  (other  things  l)eing  equal)  is  due  to  the  air 
conditions,  for  if  the  heat  is  dissipated  rapidly  enough 
ihe  teiu]X'rature  will  be  held  normal. 

The  full-load  rise  for  transformers  is  recommended 
I0  be  not  over  50  deg.  C.  (by  resistance  measurement) 
and  40  deg.  C.  by  thermometer;  and  with  an  overload 
rating  of  25  per  cent,  for  two  hours,  an  allowable  in- 
crease of  15  deg.  ('.  aljove  that  specified  for  full  load. 
Increasing  the  output  in  the  ratio  of  6  to  o  increases 
both  ])rimary  and  secondary  1-R  in  the  ratio  of  30  -i-  25 
=  1.4-1  times  the  normal  copper  loss.  Also  the  resistance 
of  copper  changes  rajndly  with  the  temperature,  so  it  is 
of  prime  importance  to  keep  the  temperature  down. 

\\\wi\  transformcis  are  to  lie  used  with  turiw-gen- 
erators  or  other  apparatus  for  whicli  an  ovei'load  capacity 
in  excess  of  25  per  cent,  is  guaranteed,  the  transformer 
should  have  a  corresponding  overload  capacity.  This 
overload  ca))acity  from  generators  is  made  possil)le 
through  use  of  the  air  washer;  therefore  it  would  seem 
reasonable  that  the  transformers  should  be  similarly 
cc|uip])ed.  'J'lie  general  curves  of  Fig.  1,  ])lotted  by  W. 
I'.'sty,  illustrate  a   few  transformer  characteristics. 

HlKAHlLITY 

T'lic  life  of  M  triinslormei'  depends  primarily  upon  its 
idtimalc  tem])eratiire,  since  an  excessive  rise  causes  rapid 
deterioration  in  the  insulation.  The  fact  that  appar- 
atus which  is  kept  clean  will  last  longer  than  that  which 
is  periodicallv  allowed  to  become  dirty  and  then  cleaned 
is  ncvei'  denied. 

Iii:(;i  i.vi'iiiN 

{{egniation    by   direct    measurenn'nt 
dilferencc   between    iio-loail   .necondarv 


ileiined    as    tin 
)llaKe   an<l    full- 
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load  secoudarv  voltii.go,  divided  by  fidl-load  secondary 
voltage,  when  a  constant  primary  voltage  is  maintained. 
It  has  a  decided  bearing  on  the  question  of  lainji  life 
!ind  nniforniity  of  light. 

The  (jeneral  fornnda  nsed  in  ])ractice  for  calcuiiUing 
the  resnlation  willi  an  inductive  load  is 


V*^ 


rut.  rrf/'iI((fioii   =  J'  +  .77 


where 

;;  =    C'oniiionent  of  drop  in  pliasc  with  tiic  tenniiia' 

voltage : 
■(J   =   Component   in   (piadrature   with    the   icnniuai 
voltage . 
Its  solution  shows  that   regulation  is  largely  a   func- 
tion of  copper  loss  and  should  not  be  neglected.     Tlu' 
copijer  loss  being  a  function  of  resistance,  it  is  easily 
seen   that   to   improve   tlie   regulation   requires    tiuit    ih;' 
transformer  be  kept  conl. 

Sakkty 
The  advantage  of  air-ldast  over  oil-cooled  transformers 
as  regards  safety  has  been  referred  to;  a  leak  in  a  water- 
cooled  transformer  is  equally  disastrous.  Breaking  down 
of  insulation  is  due  either  to  overheating  or  to  a  high 
voltage  discharge  through  damp  insulation  and  foreign 
matter.  The  first  of  those  causes  will  l)e  discussed  under 
■•Heating." 

If  a  high  vohagi'  is  allowed  to  pass  fi-oin  tlie  primary 
to  the  secondary  or  rifc  versa,  tlience  iido  buildings,  it 
mdangers  human  life  and  makes  loss  of  property  by 
fire  probable.  The  insulation  is  originally  of  good  qual- 
ity and  al)le  to  exclude  moisture:  but  the  dirt  from  a 
dirfv  air  supply  clogs  the  ducts  in  the  windings  and  de- 
creases the  dielectric  strength  to  a  great  extent,  esjie- 
cially  if  the  intake  air  is  wet.  Tlie  best  safeguard  is  to 
supply  clean,  cool  air  in  sufficient  ipiantity  and  without 
Jree  moisture.  The  air-washer  supplies  this  tlirougli  tli' 
use  of  dense  sprays  and  eliminator  jdatc^s.  The  elim- 
inators I'uUill  the  function  of  preventing  tree  nioisturi' 
from  getting  into  the  apparatus. 
Heating 

Vigilance  is  required  in  the  problem  of  dissipating 
self -genera  ted  heat  as  rapidly  as  generated.  This  heat 
is  proportional  to  the  losses,  which  in  turn  are  propor- 
tional to  the  cube  of  the  linear  dimensions.  Since  the 
ratio  of  radiating  surface  per  kilowatt  decreases  rapidly 
with  the  increase  in  size,  rise  in  temperature  is  the  lim- 
iting feature  in  the  economical  manufacture  of  large 
t  ransformers. 

The  best  results  with  air-blast  transformers  can  be 
attained  only  with  a  supjily  of  cool,  clean  air,  with  pro- 
vision for  lowering  the  inlet  air  temperature  in  case  of 
])eak  load  or  emergency.  The  effect  of  a  soot,  dust,  vapor 
or  water-  and  snow-laden  air  supply  is  well  known.  The 
foreign  matter  soon  covers  the  radiating  surfaces, -ren- 
dering them  inefficient  as  such,  blocks  the  air  passages 
and-causes  local  or  general  abnormal  heating;  this  will 
cause  ey^n  the  ■  best  i  nsulation  to  deteriorate.  An  idea 
of  the,conditions.may  be  had  bv  noting  the  case  of  gen- 
erators given  by  E.  Knowlton: 

Dirty        Clfan 
Macliine  Xumbcr  1.  Rise  in  Temperture.      ^i  37 

Gxfarantees  usually  prescribe  that  at  normal  load  the 
temperature  shall  not  exceed  40  or  ;l.")  deg.  C.  above  the 


surrounding  air.  The  lischarge  temperature  of  the  air 
should  not  be  more  than  30  deg.  C.  above  the  temper- 
ature of  the  supply,  and  the  General  Electric  Co.  recom- 
mends a  temperature  of  incoming  air  not  greater  than 
C")  deg.  C.  The  amount  of  air  should  be  about  150  cu.l't. 
per  min.  for  each  kilowatt  loss,  or  4  cu.ft.  per  luin.  per 
lated  kilowatt  at  about  4  oz.  pressure.  In  case  of 
breakdown  of  a  blower,  it  is  unsafe  to  operate  at  more 
than  half  load,  and  even  at  that  load  for  long. 

Air  washers  are  on  the  market  that  will  guarantee  to 
remove  98  per  cent,  of  the  foreign  matter  and  cool  the 
air  from  2  to  32  deg.  P..  depending  on  the  entrance  tem- 
jierature  and  relative  humidity,  by  recirculating  the 
water.  On  peak  load,  the  air  may  be  cooled  down  even 
more  by  using  water  direct  from  the  mains.  Thus  the 
\va.>^her  decreases  the  heating  of  the  transformer  directly 
liv  cooling  the  intake  air  and  indirectly  by  preventing 
ti-oul)les  due  to  a  dirty  air  supply.     Usually  the  air  e.\- 


Nc-> -^^-^>     >  — >- 


^'r  Charnber 

7m. 

V^i+hout  Cooling  and  Washing 


\      V     I 


:    '    1    I    1    A    T    t    T  j.    T    I    I 


mm^. 


Fi( 


''^/////'/m  power 

Transformers  Supplied  wi+h  Wcshed  Air 
Bank  of  Ti;ANsi-oiiMi;i!s  without  and  with 
An;  Washing 


liausts  from  the  transformers  directly  into  the  station, 
in  which  case  the  air  washer  serves  the  additional  pur- 
pose of  purifying  the  station  supply.  Again,  the  ad- 
vantage is  manifest  '\\hen  one  compares  the  statement 
ill  the  last  paragraph  concerning  fan  breakdown  with 
the  following  claims  for  the  air  washer:  "When  sprays 
arc  operating  at  2.5  lb.  pressure  they  will  force  the  air 
through  the  washer  against  atmospheric  pressure  at  a 
velocity  of  not  less  than  22.")  lin.ft.  per  min.,  by  driving 
action  of  the  sprays  alone,  independent  of  the  fan." 

Several  manufacturers  recommend  that  their  trans- 
formers be  cleaned  at  least  once  a  month.  Because  of 
the  bother,  lack  of  im]ilements  and  time,  however,  this 
is  not  always  done.  AVith  the  air  washer  this  cleaning 
is  not  necessary.  Also,  some  of  the  ducts  which  ordi- 
narilv  become  restricted  are  inaccessible  for  cleaning. 

Efficiency 

Eeferring  to  the  efficiency  curve.  Fig.  1.  it  will  be 
noted  that  the  core  loss  is  constant.  At  full  load  the 
core  loss  equals  the  PR  loss,  and  above  this  i)oint  tlie 
greatest  loss  is  the  I=R.  which  increases  rapidly.  .M- 
though  transformers  are  iiilie:viitl\  highly  efficient  (from 
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95  to  98  jjcr  cent.),  the  raising  to  98.5  per  cent,  would 
mean  a  saving  of  50  kw.  per  hr.  on  a  10,000-lcw.  in- 
stallation, wliieh  in  the  course  of  a  year  would  amount 
to  a  large  item.  The  increase  in  efficiency  is  easily 
found  by  the  general  methods  for  any  particular  station. 

„.  .  output 

ejfinenry  =   — ;; — - — , ; , — j^r^ — I — 

untput    -f-    core    loss    -{-    I-R    -\-    power   to 

drive  auxiliary  apparatus 
Cost  of  Operation 
The  cost  of  operating  a  set  of  air-blast  transformers 
being  known,  the  station  manager  would  desire  to  know 
the  additional  cost  of  operation  as  well  as  the  net  saving 
due  to  the  installation  of  the  air  washer.  Since  one  of 
the  guarantees  which  go  with  the  washer  is  that  the 
safe  overload  capacity  of  the  transformer  would  be  in- 
creased, it  is  natural  that  this  advantage  will  be  taken. 
If  a  transformer  is  to  be  operated  on  light  loads  the 
greater  part  of  the  day,  it  is  much  more  economical  to 


use  one  designed  for  a  small  iron  loss  than  for  a  small 
full  load  copper  loss.  Under  these  conditions,  the  air 
w-asher  running  on  peak  load  will  keep  down  both  of 
these  operating  expenses. 

Since  the  rates  and  conditions  are  so  widely  different 
in  different  stations,  no  attempt  will  be  made  to  figure 
the  saving  in  an  actual  case;  however,  an  outline  of  the 
points  to  be  considered  in  the  comparison  of  operating 
costs  will  be  given : 

Without  Air  Washer  With  Air  Washer 

Core  loss  in   per  cent,    of   kw.    rating  Slightly  le.-^? 

(about  I  %) 

Copper  loss  in  per  cent,  of  kw.  rating.  Less 

Power  to  drive  blower  1  to  5  per  cent.  Plus  power  to  drive  pump  minus  power 
delivered  b,v  driving  action  of  spra.vs 

Price  Plus  cost  of  air  washer 

Interest  and  depreciation  Same,  plus  that  on  cost  of  air  washer 

Cost  of  cleaning  once  per  month  None 

The  writer  believes  that  this  proposition  is  worthy  of 
careful  investigation  by  those  having  facilities  for  mak- 
ing the  necessary  tests. 


Trsiim 


By  L.  L. 

•SYNOPSIS — Efficiency  of  transmitting  power  through 
lir  pipes,  determining  ttie  flow  of  air  and  the  friction 
luring  transmission. 


While  much  has  been  written  about  the  transmission 
f  power  by  flowing  air  under  pressure  through  piping 
ystems,  a  great  many  are  apt  to  confuse  the  transmission 
f  air  and  the  transmission  of  power  and  the  formulas  by 
■hich  both  quantities  are  calculated.  For  instance,  those 
nfamiliar  with  the  subject  are  apt  to  err  in  assuming 
lat  the  loss  of  power  is  proportional  to  the  loss  of  pres- 
ire,  as  in  the  case  of  transmitting  power  through  pip- 
ig  by  water. 

It  is  quite  correct  to  use  the  ordinary  formulas  for  the 
)W  of  air  through  piping  to  calculate  the  amount  of  air 
ansmitted  and  its  initial  and  final  pressure,  but  these 
TDiulas  are  not  in  themselves  altogether  sufficient  for 
Iculating  the  amount  of  energy  or  power  of  the  air 
the  beginning  and  end  of  the  transmission  system. 
le  more  accurate  measure  of  the  efficiency  of  transinit- 
ig  air  through  pipes  is  to  credit  the  air  with  all  of  the 
ergy  it  can  develop  by  isotliermal  ex])ansion,  both  at 
:  entrance  to  the  pipe  and  at  the  exit;  the  eflicicncy 
transmission  being  the  latter  quantity  divided  by  the 
•mer.  The  work  done  in  the  isothermal  expansion  of  a 
'en  amount  of  air  may  be  calculated  from  tbc  r(|ua1ion 

"'  —  P\  '"i  ^^'H''  '' 
which 

ff  =  Work  in  foot-iiouiids; 

p  =  Absolute  initial  pressure; 

V  =  Volume  of  air  at  the  beginning  of  compression; 

r=  Ratio  of  the  absolute  initial  jiressure  to  the  ab- 
solute final  pressure. 
B  potential  amount  of  work  whicli  a  given  quantity  of 

at  the  end  of  the  transmission  system  could  do  by 
ihemial  expansion  is  represenled  by  a  .similar  formula, 

it  is  evident  that  while  in  l)oth  cases  the  air  may  be 
|hennally  expanded  to  atmospheric  pressure,  the  initial 
iwure  before  transmission  must  be  higher   tbiiii   that 


r  Joy  M^ommp 

BIT 

Brewster 

at  the  end  of  transmission,  so  that  the  value  of  r  will 
be  different  in  each  case.  The  mathematical  expressions 
for  the  work  done  by  isothermal  expansion  for  the  air  at 
the  end  and  the  beginning  of  transmission  respectively 
simplifies  to  the  following  expression  when  the  former 
is  divided  by  the  latter,  and  this  is,  therefore,  the  equa- 
tion for  the  efficiency;  that  is, 

„.   .  lof/c  r, 

■'       loge  r, 

Vr,  being  the  ratio  of  expansion  at  the  exit  pressure  and  r^ 
the  ratio  of  expansion  at  the  inlet  pressure.  Common 
logarithms  nuiy  ])e  useCl  since  the  modulus  cancels  and 
the  expression  tlius  reduces  to  the  form 

E  =  y  '•  = 
Joy  r, 

The  efficiency  of  transmission  for  several  pressures  is 
shown  in  Table  1.  The  figures  at  the  head  of  the  two 
sets  of  data  indicate  the  initial  absolute  pressure  (87 
lb.  and  145  lb.  per  sq.in.  respectively),  the  absolute  pres- 
sure to  whicli  the  air  is  expanded  in  all  cases  (14.5  lb. 
per  sq.in.),  the  initial  ratios  of  expansion  (6  and  10) 
and  the  logarithms  of  these  ratios  (0.7781  and  1).  It 
is  evident  from  the  table  that  when  the  absolute  pres- 
sure at  the  end  of  the  transmission  system  is  as 
shown  by  the  figures  at  the  fop  of  the  several  columns, 
the  ratios  of  ex])ansion  and  the  efficiencies  are  indicated 
by  the  figures  directly  under. 

TAni.E   1.     EFFICIENCY  OF  TRANSMISSION 
pa  =  H  5     p,   =  87     r,   =  0     logr,   =0.7781 
n,  8.5  80  7.'i  70  OS  r>0 

rl  .5.86         5. .'52         5.17         4,83         4.48  4,14 

logr, 0  7879     0.7419     0.7135     0  6839     0.6513  0,617(1 

E...; 0.987       0,9.53       0.917       0.870       0  837  0  793 

pa  =  14.5     p,  =  145    r,  =  10     log  r,  =■  1. 

p, 140  136  130  125  120 

r,. 9.66  9  31  8.1)7  8,62  8  28 

logr, 0.9850         0  9689         0,9.'i28         0,9.3.56  0  9185 

E.... 0.98  0  07  0.95  0.93  0.92 

From  the  table  it  would  apjiear  advantageous  to  trans- 
mit air  at  as  high  jiressure  as  jiossible.  The  work  cannot 
be  fully  recovered  without  expanding  down  to  atmospheric 
pressure,  and    this   is  usually   impnictical    unless   the   air 
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is  reheated,  because  the  temperature  of  the  air  expanded 
to  atmospheric  pressure  is  usually  so  low  that  frost  is 
formed  around  the  discharge  valves  and  passages  and 
finally  chokes  the  passage. 

When  the  transmitted  air  is  used  without  expansion, 
the  efhciency  of  transmission  is  represented  by  the  for- 
mula 

^^r,  O-^-  1) 

'■■a  ('•.  -  1) 
Flow  of  Air  through  Pipes 

The  formulas  which  are  derived  purely  from  the 
mathematical  considerations  of  the  flow  of  air  do  not 
seem  to  agree  with  experimental  results  so  well  as  do 
some  of  the  empirical  formulas  derived  principally  from 
the  results  of  carefully  conducted  tests.  The  problem 
most  frequently  encountered  in  the  flow  of  air  is  that  of 
finding  the  amount  in  cubic  feet  which  will  flow  through 
a  given  size  pipe  in  a  given  time  under  given  conditions 
of  temperature  and  pressure.  The  amount  of  air  flowing 
from  the  receiver  or  tank  under  pressure  into  the  at- 
mosphere is  sometimes  desired,  and  such  flow. is  governed 
by  Napier's  law,  by  which  the  calculated  flow  is  approxi- 
mately the  same  when  the  discharge  is  into  any  pres- 
sure less  than  60  per  cent,  of  the  initial  pressure. 

For  the  amount  of  air  flowing  in  power-transmission 
systems,  the  formulas  of  Prof.  E.  G.  Harris  are  widely 
used  for  calculating  the  flow  in  small  pipes,  and  those 
of  W.  H.  Hammon  for  calculating  that  in  larger  pipes. 
For  11-in.  pipes  the  formulas  of  Harris  or  Hammon  give 
about  the  same  results.  For  smaller-size  pipes  the  Har- 
ris formula  gives  somewhat  greater  values  for  the  loss  of 
pressure  and  for  larger  pipes  the  Hammon  formula 
gives  slightly  greater  pressure  drops,  llammon's  formula 
for  the  loss  of  pressure,  due  to  f  ri'tion,  is  as  follows : 

p  2  —  /'  2  =  ()_000455o  — TT- 

1  i  ,[0 

in  which 

/\  =  Absolute  initial  pressure ; 
P,  =  Absolute  discharge  pressure; 
d  =  Interior  diameter  of  pipe  in  inches ; 
//^Length  of  pipe  in  feet; 

y  =  Volume  of  air  per  minute  in  equivalent  cubic 
feet  at  atmospheric  pressure   (volume  of  free 
air  per  minute). 
To  facilitate  the  use  of  this  formula,  Table  3  gives  values 
of  d^  for  the  standard-size  ])ipes. 

TABLE  2 
Nominal  Dia.  of  Pipe.         Exact  Iiitnrior  Dia.,  d. 


In 
1.048 
1.380 
1.610 
2.067 
2.468 
3.067 
3.548 
4.026 
4.508 
5.045 
6.065 
7.023 
7.981 
8.937 
10  018 
12.000 
14  000 


1  206 
.5  000 
10,800 
37,7 
91.5 
271 
561 


1,054 

1,860 

3,270 

8.1.51) 

17.10(1 

32..VKI 

57.IHIII 

100,500 

24S,(«0 

538,000 


Pj  —  P^  =  (0-31  —  0.007(58  c/) -p-^ 

The  loss  by  friction  in  transmitting  air  can  be  calcu- 
lated by  either  of  the  two  formulas  given,  but  such  cal- 
culations are  greatly  simplified  by  the  use  of  Table  3, 
which  appears  in  the  book  on  "Compressed  Air,"  by 
Professor  Harris.  The  directions  for  using  the  table 
are  given  at  the  toj). 

TABLE  3.     FRICTION  IN  AIR  PIPES 
Cu  Ft  Divide  the  number  corresponding  to  the  diameter  and  volume 

of  Free         by  the  ratio  of  compression.     The  result  is  the  loss  in  lb.  per  aq.in. 
Air  ner  in  1000  ft.  of  pipe 

Mia  Dia.  of  Pipe,  In. 

J  3  1  IJ  U  U  2  25  3 


The  loss  of  pressure  by  friction  for  compressed  air 
can,  according  to  the  tests  of  Professor  Harris,  be  ex- 
pressed as  follows: 

P^—  P^  =  (0.31  —  0.00768  (1) 


1000  F,d^ 


3.54 
14.20 
56.04 
126,4 
226.6 


0,83 
3  32 
13.28 
29.86 
53.15 


210 

240   78.00 

270   98.70 

300  121.8 

330 

360 

390 

420 

450 

480 

510 

540 

570 

600 

660 

720 

780 

840 

900 

960 
1020 
1080 
1140 
1200 
1320 
1440 
1.560 
1080 


1800  52.73 

1920  60.00 

2040  67.74 

2160  75.94 

2280  84.60 

2400  93.74 
2520 


3000 
3300 
3600 
3900 
4200 
4500 
4800 
5100 
5400 
5700 
6000 
6600 
7200 
7800 
8400 
9000 
9600 
10200 
10800 
11400 
12000 
13200 
14400 
1.5r,(K) 
16.HO0 
ISOOO 
192110 
201(10 
210(K) 
22800 
240O0 


40.09 
50.72 
02.62 
75.78 
90.29 
105.5 
122.8 


2i 
12.94 
16.48 
20.23 
24.57 
29.12 
34.20 
39.64 
45  50 
51.88 
58.44 
65.39 
73.00 
80,90 
97,90 
116.50 


0,26 
1.05 
4.20 
9.45 
16,80 
26.26 
37,90 
51,46 
67,21 
85,06 
105,0 
164,1 


4,74 
6,00 
7.41 
8.97 
10,67 
12,53 
14.52 
16.67 
18.97 
21,42 
24,01 
26,75 
29  64 
.35,87 
42,68 
50.10 
58.10 
66,70 
75.88 
85.65 
96.04 
107.00 


4i 
28.23 
33.30 
37.59 
42,15 
46.95 
52.02 
53.38 
62.96 
68.81 
74  92 
81.30 
98.37 


17.82 
19 ,  06 
22  20 
24.89 
27 ,  05 
30,72 
33.87 
37,17 
40.66 
44,78 
48,00 
58,08 
69,13 
81,13 
94,09 


1.71 
3.84 
6.83 
10,70 
15,40 
20,90 
27.30 
34.55 
42.67 
66.53 
90 ,  00 
130  7 
31 

2  13 
2.70 
3.33 
4,03 
4,80 
5,63 
6,53 
7.49 
8.53 
9.62 
10.79 
12.02 
13.32 
16.12 
19.19 
22,50 
26,11 
29,98 
34,10 
38  50 
43,17 
48.10 
53.29 
04,49 
70.74 
90,05 
104,45 


8,92 
10,00 
11.14 
12.35 
13  61 
14.94 
16  33 
17.78 
19.29 
23,34 
27.78 
32,60 
37.81 
43  41 
49,39 
55  76 
62  51 
69  62 
77,18 


12,48 
15,80 
19.50 
30.47 
43,87 
59.71 


2.87 
3.30 
3.75 
4  23 
4.75 
5.29 
5.86 
7.09 
8,43 
9  00 
11,48 
13  18 
15,00 
16,93 
18,98 
21,15 
23.44 
28,36 
33,75 
,39  61 
45.95 


1.60 
2.50 
3,62 
4,91 
6,41 
8,12 


22,54 

30  70 

45 


1.17 
1.59 
2.07 
2,62 


2.94 
3,25 
3,93 
4.68 
5.50 
6,37 
7,32 
8.32 
9.40 
10  53 
11.74 
13.01 
15.74 
18,73 
21.89 
25.50 
10 


3  25 
3.76 
4.32 
4,92 
5.55 
6,22 
6,93 


2.23 
2.50 
2.79 
3.09 
3.73 
4.44 


1,65 
1,87 
2,12 
2  37 
2.64 
2.93 
3.23 
3.55 
3,88 
4.22 
4,58 
5,54 
6,59 
7,74 
8,97 
10,30 
11,72 
13,23 
14,83 
16.53 
18.31 
22.16 
26.37 
30  95 
35,90 
41.20 
46.88 
52,92 
59  36 
66  11 
73.25 


0  96 
1,06 
1,16 

1  27 
1,38 
1,50 
1,81 
2,16 

2  53 
2,94 

3  37 
3,84 
4,34 
4,86 
5.41 
6.00 
7,26 
8,64 

10,10 
11,76 
13.50 
15.36 
17.34 
19.44 
21.66 
24.00 
29.04 
34.56 
40  56 
47  40 
54,00 
61,43 
69.36 
77.75 
86.64 
96.00 


1.36 
1.54 
il.74 
;  1.95 
2.18 
2.41 
2.92 
3.47 
4.07 
4.73 
5.40 
6.17 
6  97 
7.81 
8.70 
9.64 
11.67 
13.89 
16.30 
18.90 
21.70 
24.70 
27.87 
31,25 
34.82 
38.58 


or  for  L  =  1000  ft. 


For  example,  suppose  it  were  desired  to  transmit  60t 
cu.ft.  of  air  per  minute  through  a  4-in.  pipe,  the  initia 
pressure  being  73.5  lb.  abs.,  so   that  the   ratio  of  com! 
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pression  above  atmosphere  is  73.5  divided  by  14.7  or  5. 
Thus,  according  to  Table  3,  the  figure  corresponding  to 
600  cu.ft.  and  4  in.  diameter — that  is,  5.86 — is  to  be 
divided  by  the  ratio  of  compression  5,  and  the  quotient, 
1.172,  will  be  the  loss  of  pressure  in  pounds  per  square 
inch  in  1000  ft.  of  pipe.  The  loss  in  pressure  due  to  fric- 
tion for  any  length  of  pipe  other  than  1000  ft.  is  propor- 
tional to  the  length,  so  that  the  figures  obtained  from 
the  table  may  be  multiplied  by  the  length  in  feet  and 
divided  by  1000  for  ascertaining  the  actual  loss  in  any 


self.  The  faster  this  pump  was  driven  the  greater  the 
pressure  which  it  generated,  and  this  pressure,  balanced 
by  a  spring-loaded  piston  or  diaphragm,  was  made  to 
control  the  inlet  mechanism. 

L.  C.  Loewenstein,  of  Lynn,  has  recently  taken  out, 
and  assigned  to  the  General  Electric  Co.,  a  patent  for 
the  device  shown  in  the  accompanying  engraving.  AA 
is  the  impeller  which  receives  oil  at  its  center  and  de- 
livers it  at  its  circumference  under  a  pressure  dependent 
upon  the  peripheral  speed.     The  delivery  port  is  partly 


NUMBER  OF  SMALLER  PIPES  TO  EQUAL  CARRYING  CAPACITY  OF  LARGER  PIPE 
Diameter  of  Pipe,  In. 


32.0 

5.7 

2,1 

I 

55.9 

9.9 

3.6 

1  7 

1 

88.2 

15.6 

5.7 

2.8 

1.6 

1 

130 

22.9 

8.3 

4  1 

2  3 

1.5 

1 

181 

32 

11.7 

5.7 

3.2 

2  1 

1.4 

1 

243 

43 

15.6 

7,6 

4.3 

2.8 

19 

13 

1 

316 

55.9 

20.3 

9.9 

5.7 

3  6 

2.4 

17 

1.3 

401 

70.9 

25.7 

12.5 

7.2 

4  6 

3.1 

2.2 

1,7 

499 

88.2 

32 

15.6 

8  9 

5.7 

3.8 

2.S 

2  1 

609 

108 

39.1 

19 

10.9 

7.1 

4.7 

3  4 

2.5 

733 

1.30 

47 

22.9 

13.1 

8.3 

5.7 

4.1 

3  0 

871 

154 

55.9 

27  2 

15.6 

9.9 

6  7 

4,8 

3  6 

181 

65.7 

32 

18.3 

11.7 

7  9 

5  7 

4.2 

2:1 

76.4 

37  2 

21  3 

13  5 

9  2 

6  6 

4  9 

243 

88.2 

43 

24.6 

15  6 

10.6 

7  6 

278 

101 

49  1 

28.1 

17.8 

12.1 

8  7 

6'5 

316 

lis 

55  9 

32 

20  3 

13.8 

9  9 

7,4 

401 

146 

70  9 

40  6 

25.7 

17.5 

12  5 

9.3 

499 

181 

88.2 

50.5 

32 

21.8 

15.6 

11.6 

609 

221 

108 

61.7 

39.1 

26.6 

19.0 

14.2 

733 

266 

130 

74.2 

47 

32 

22,9 

17.1 

871 

316 

154 

88.2 

55.9 

38 

27.2 

20.3 

499 

243 

130 

88.2 

60 

43 

32 

733 

357 

205 

130 

88.2 

63  2 

47 

499 

286 

ISl 

123 

88.2 

62  7 

670 

383 

243 

165 

UK 

88  2 

871 

499 

316 

215 

154 

115 

given  length  of  pipe.  Subtracting  this  loss  of  head  in 
pounds  per  square  inch  from  the  initial  pressure  in 
pounds  per  square  inch  will  give  the  absolute  delivery 
pressure  in  pounds  per  square  inch. 

It  is  sometimes  desirable  to  know  the  number  of  pipes 
of  a  given  size  which  are  equal  in  carrying  capacity  to 
one  pipe  of  a  larger  size.  It  has  been  found  sufficiently 
accurate  for  practical  purposes  to  assume  that  where  the 
head  is  the  same,  the  volume  delivered  varies  about  as 
the  square  root  of  the  fifth  power — that  is,  as  the  2.5 
power.  Table  4  has  been  calculated  on  this  basis.  The 
figures  opposite  the  intersection  of  any  two  sizes  is  the 
number  of  the  smaller-size  pipes  required  to  equal  the 
carrying  capacity  of  the  larger-size  pipe.  Thus,  one  8- 
in.  pipe  will  deliver  the  same  quantity  of  air  under  the 
same  conditions  as  1.4  seven-inch  ])ipcs;  2.1  six-inch 
pipes:  5.7  four-inch  pipes;  11.7  tlireo-inch  pipes;  32 
two-inch  pipes,  etc. 

The  common  problems  connected  with  the  transmission 
of  power  by  compressed  air  should  lie  easily  solved  by  the 
use  of  the  formulas  and  tables  given  herewith,  and  while 
e.xtreme  accuracy  is  impossible,  it  is  the  opinion  of  the 
best  authorities  that  the  result  obtained  will  more  near- 
ly agree  with  actual  practice  than  would  be  the  case  if 
many  of  the  other  formulas  and  tallies  were  used.  For 
the  solution  of  the  more  complex  proliicms  involving  the 
reheating  of  air,  the  rend t  sliouJd  consult  the  textbooks 
of  some  standard  authority. 

Cesiitrifu^al  Pressuaire  GovepEaoir 
for  Sfteamm  TxisirJbairaes 

Wi"  have  jircx  ioiisly  ri'fcrrcd  to  a  governor  built  by  llic 
Sulzer  Bros,  of  Switzerland,  which  consisted  of  a  small 
centrifugal   pump  or  impeller,  driven  by  the  turbine. it- 


3.6 

6.7 

8.3 


2.3 
2.8 
4  3 
6  4 


covered  by  a  l)owl-shaped  piece,  the  knife-edge  rim  of 
which  is  at  the  extreme  left,  inclosing  the  entire  pro- 
peller when  the  throttle  is  entirely  open.  As  the  pres- 
sure increases,  and  the  diaphragm  is  pushed  back,  the 
bowl-shaped  piece  is  retired  with  it,  cutting  off  more  and 
more  of  the  fluid  delivered  by  the  impeller  from  acting 
upon  the  diaphragm.  An  increase  in  speed,  therefore, 
not  only  increases  the  pressure  which  acts  on  the  dia- 
phragm, but  forces  the  bowl-shaped  regulator  in  the  same 
direction  and  at  once  decreases  the  quantity  of  oil  de- 
livered against  the  diaphragm,  which  relieves  the  pres- 


Mmi^li^i^^ 


(^jjjJU'jJTJijj^^ 


('t:\  ri!ii-ti;.\L  (Iovkiinoi;  i-ois  S-n;.\.\i  TntmNi-: 

Mirc  and  prevents  tlie  diaphragm  from  compressing  the 
spring  to  excess.  This  overcomes  any  tendency  of  the 
governor  to  hunt  and  renders  it  more  .•sensitive  and  ac- 
curate in  oi)(>ration,  the  governing  lieing  limited  to  only 
a  short  range  of  deflection  of  the  diajjbragm. 
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^ncreasiimg  Otitp^t  of  Qas  Emj 


i>T2\01'^IS — Deacriptiuii  of  a  method  employed  by 
Ehrhardt  <(•  Sehmer  for  increasing  the  output  of  their 
engines.  The  burnt  gases  are  first  scavenged  and  thet 
worhing  charge  then  admitted  under  pressure,  thus  in- 
creasing the  weight  of  the  charge  and  consequently  rais- 
\ng  the  mean  effective  jiressure. 

m 

The  output  of  a  gas  engine  (other  tilings  being  equal) 
is  dependent  on  tlie  temperature  and  pressure  of  tlie 
working  charge  taken  into  the  cylinder.  In  two-stroke- 
CTcle  engines,  the  good  influence  through  a  reduction 
in  temperature  by  scavenging  the  burnt  gas  with  cold 
air  is  well  known.  It  is  obvious  that  in  four-stroke-cycle 
enffines  a  similar  advantage  can  be  gained  by  scavenging. 


^xha-jsf  Oases . 
\<ClearanceA<- 


-Piston  Dispj'acemenf  ■ 
WrrH    SCAVENGING 


Fig. 


Stop  Diagkasis  Ii.listkating  (;i!i:ati:r  ('hai;gb 
with  scavkxgixg 


Lowering  the  inlet  gas  temperature  by  this  means  makes 
possible  an  increased  weight  of  charge  and  also  fills  the 
compression  space  with  working  material  instead  of 
partly  with  burnt  gases;  see  Fig.  1.  Furthermore, 
through  the  scavenging  of  the  waste  gases,  the  burning 
power  of  the  mixture  is  increased  and  a  sharper  ignition 
is  obtained. 

Four-stroke-cyclc  engines  with  scavenging  of  this  na- 
ture  have  been  on  the  market  for  several  years  in  Eng- 
land, and  in  Germany  a  similar  method  has  been  tried 
on  large  engines.  Further  steps  have  been  taken  by 
Messrs.  Ehrhardt  &  Sehmer,  of  Saarbrucken,  Germany, 
bv  combining  the  scavenging  process  with  increased  pres- 
sure of  the  charge,  and  the  results  up  to  the  present  in- 
dicate a  wide  field  of  application,  as  it  appears  that  the 


econoiny  is  raised  as  well  as  the  output  iuereased  and  tlir 
working  conditions  improved. 

In  this  new  method  the  charge  is  placed  under  a 
pressure  of  10  to  15  lb.,  and  a  steady  flow  is  attained 
by  passing  both  the  gas  and  air  through  a  turbo-blower. 
Before  the  exhaust  stroke  is  finished,  and  just  before 
the  exhaust  valves  are  closed,  the  inlet  valve  for  the  air 
linder  pressure  o]K»ns  and  the  compression  space  is  scav- 
enged free  frotn  burnt  gases.  When  the  piston  passes 
dead  center,  the  exhaust  valve  closes,  the  inlet  valve 
opens  wider,  and  at  the  same  time  the  gas  valve  also 
opens ;  thus  both  air  and  gas  under  pressure  flow  to- 
gether into  the  cylinder.  The  misture  is  compressed  \\\^ 
to  from  90  to  120  lli.  and  ignition  takes  place  in  the 
usual  manner. 

The  increased  outinit  whicli  results  is  due  essentially 
to  the  increased  weight  of  charge  brought  about  liy  the 
economical  use  of  the  compression  spaces  by  introducing 
the  mixture  under  pressure.  The  blowers  which  su])- 
ply  the  air  and  gas  under  pressure  are  driven  either  liy 
electric  iiu)tors  or  steam  turliines,  the  power  consump- 


Air  Sujiply 


^"w:: 


Fig.  2.     Arrangement  Whereby  Blowers  Are  Deivkn 

BY  Turbine  Scpplied  jROii  Exhaust-Heat 

Boiler 

tiou  being  from  G  to  7  j)er  cent,  of  the  engine  output. 
Against  this  jiower  consumption  must  Ije  reckoned  the 
work  of  suction  of  the  normal  fovir-stroke-cycle  engine, 
while  due  regard  must  be  paid  to  the  largely  increased 
iiutput. 

With  one  arrangement  tlie  blowers  are  driven  by  steam 
turbines,  the  steam  being  raised  in  boilers  heated  by  the 
exhaust  gases,  of  the  engine,  as  shown  in  Fig.  2.  In 
tliis  way  the  whole  of  the  increased  output  is  available 
for  useful  work  without  reduction. 

An  interesting  feature  of  the  curves  shown  in  Fig.  3 
is  the  almost  constant  value  of  the  heat  consumption 
between  full  load  and  about  70  per  cent,  full  in  tlie 
high-output  engines,  whereas  in  the  ordinary  four-stroke- 
cvcle  engines,  the  corresponding  curve  rises  rapidly  be- 
tween these  limits,  showing  an  advantage  in  respect  to 
heat  consumption  for  the  high-output  method  of  work- 
ing in  stations  having  loads  varying  between  three- 
quarters  and  full  load. 

This  method  involves  no  extra  valve-gear,  as  will  lie 
seen  by  referring  to  Fig.  4.  It  is  distinguished  from 
the  normal  valve-gear  only  through  the  fomiation  of 
the  cams  on  the  layshaft  and  the  form  of  the  disk  valve 
for  the  closing  of  the  gas  sup]ily.  The  disk  valve  on 
the   inlet  spindle   has,   compared    with   the   normal    disk 
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valve,  a  greater  lap.  Since  the  inlet  and  disk  valves 
move  together,  the  inlet  valve  for  scavenging  must  open 
earlier  than  in  the  normal  method,  hence  the  lap  must 
be  made  so  large  that  the  air  valve  opens  earlier  than 
the  gas  valve.  The  remainder  of  the  valve-gear  and  the 
general  construction  of  the  engine  remain  unaltered. 

At  the  Skinningrove  Iron  Co.,  Ltd.,  of  Carlin,  Eng- 
land, there  is  a  plant  consisting  of  two  25J|x33|i-in. 
gas  engines  running  at  130  r.p.m.,  together  with  three 
larger  units  having  37^f-in.  cylinders  by  -iSiVii-  stroke 
and  running  at  109  r.p.m.  These  engines  operate  on 
lilast-furnace  gas  and  drive  3-phase  generators.  Tests 
on  one  of  the  larger  engines  showed  the  following  re- 
sults : 

Normal  High  Out- 
Working  put  IVIethod 

Normal  continuous  output,   b.hp 1300  1880 

Mean  piston  pressure,  pounds  per  sq.in. .           60  77.5 

Maximum    momentary   output,   b.hp.:...      1460  2055 

Mean  piston  pressure,  pounds  per  sq.in..           67.5  84.5 

This  maximum  load  by  no  means  represents  the  pos- 
sible upper  limit,  as  it  would  be  possible  to  operate  the 
engine  at  a  mean  pressure  of  95  lb.  per  sq.in.     Before 


!.     Heat  Consumption,  Efficiency  .\nd  Pres- 
sube  ccrves 

■''the  :«cavenging    jihuit    was    put    intu    oiicralion,    it    was 

tiieceaeary  for  two  engines  of  8i)i)  h]).  and  two  of  1100 
-hp.  to  run  in  parallel.  Since  the  high-output  method 
ibasb«en  adopted,  it  has  been  found  possible  for  the  two 

1400-lip.  engines  alone  to  deal  with  the  load  require- 
-  mentt;,  so  that  the  smaller  engines  stand  as  spares. 

In, the  central  station  of  the  Kochling'schen  Eisen  und 
iStahlworke  at  Voelkingen  there  an;  installed  two  gas 
•  engincw  having  4.5Vj-in.  cylinders  by  r)l,Vin.  stroke  and 

running  at  94  r.i).ni.  'I'liey  operate  on  tlie  Ehrhardt  & 
;  8c-hnier  system  witii  blast-furnace  gas  and  drive  direct- 
■  current  •generators.      'I'he    I'dllowing   shows   some   of   the 

results, olitained : 

Normal  Hlnh  out- 

WorUlni?  put  Method 

Mean    loud,    kilowatts 1..118  1,830 

Maximum    load,    kilowatts 1,570  2.140 

Wean    energy    production    In    12    hours. 

kilowatt-hours    14.3(10  19,950 

.Uaximum  energy  In  12  hours,  kllowatt- 

iiourn    16,270  20.940 


The  large  overload  capacity  of  this  tyjje  of  gas  engine 
makes  it  adaptable  to  rolling-mill  work  inasmuch  as 
such  engines  must  operate  with  strongly  fluctuating 
loads.  An  advantage  is  found  also  with  this  new  method 
in  power  houses  located  at  a  considerable  height  aljove 
sea  level.  It  is  known  that  with  gas  engines  operating 
under  such  conditions,  the  loss  in  output  is  about  1  per 
cent,  for  every  300  ft.  aliove  sea  level.     Such  loss,  how- 


Valve-Gear  of  Ehrhardt  &  Seiimer  Engine 


ever,  can  by  the  high-output  method  be  diminished  by 
correspondingly  varying  the  gas  and  air  blowers. 

The  manufacturers  are  said  to  be  building  engines  of 
this  descri]ition  in  sizes  up  to  5.")00-kw.  capacity. 


A  wrench  that  has  no  thumb-screw  adjustment,  and 
is  capable  of  gri]>iiing  a  nut  from  1/4  to  ^  in.  in  size  is 
illustrated  herewith. 

It  has  only  three  parts.  One  jaw  is  fi.xed  and  is  a  part 
of  the  head  in  which  the  other  jaw  slides.     The  sliding 


.Si'KKDxri'  Wi;knch 

jaw  has  a  rack  which  engages  with  teeth  formed  at  tiie 
end  of  the  pivoted  wreiuli  haiulle,  so  that  the  harder  the 
pull,  the  tighter  the  grip. 

The   wrench   is   made   liy    the    ('(uliran    l'i])e    Wrench 
Manufacturing  Co..   "SOO  Woodlawn   Ave.,  Cliicago,   111. 


Wn 


Kxrhi 

incinerator  with  a 
kw.-hr.  tnrbo-gcni' 
200-hp.  boiler.     Th. 


insro  for  IlefiiNe — Milwaukee  has  a  refuse 
total  capacity  of  300  tons  a  day.  A  6000- 
rator  is  driven  by  the  steam  raised  in  a 
current  from  the  generator  is  to  be  tr.ans- 


mltted  to  a  flushing-tunnel  pumping  station,  some  two  miles 
distant,  which  will  pump  lake  water  Into  the  north  end  of  the 
Milwaukee  River  for  (lushing  and  cleaning  purposes. 


TcxiiK  foiil  Profliirtlnn  In  ini:t — The  state  of  Texas  mined 
2.429,144  short  tons  of  coal  in  1913.  valued  at  $4,288,920.  ac- 
cording to  E.  \V.  rarkei',  of  the  United  Slates  Geological  Sur- 
vey. This  production  was  nearly  evenly  divided  between 
lignite  and  bituminous  coal,  with  the  balance  slightly  In  favor 
of  the  latter.  Roth  classes  of  coal  showed  increases  in  produc- 
tion In  1913,  and  both  made  their  record  output.  The  total 
production  In  1913  exceeded  that  of  1912  by  240,532  short  tons, 
or  11  per  cent..  In  quantity,  and  by  $633,176,  or  17  per  cent..  In 
value. 
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111  the  new  model  of  the  Illinois  chaiii-grate  stoker. 
the  side  frames  are  connected  and  held  at  right  angles  to 
the  drive  shaft  by  front  and  rear  cross-braces.  The  side 
frames  are  at  right  angles  to  the  drive  shaft  and  the 
carrying  rollers  A.  Every  second  carrier  is  a  tight  roller, 
consisting  of  a  pipe  spreailer.  about  which  the  roller  re- 
volves. The  side  frames  are  tightly  drawn  against  these 
spreaders  by  rod  bolts ;  in  addition,  diagonal  braces  pro- 
vide means  of  squaring  the  frames.  The  frame  is 
mounted  on  wheels  and  forms  a  self-contained  unit  which 
can  be  moved  on  rails  in  or  out  of  the  setting  at  will. 


wear,  and  there  is  no  danger  of  the  links  becoming  locked 
in  a  humped  position. 

The  chain  is  driven  by  sprockets  keyed  to  a  front 
shaft.  On  the  rear  shaft  are  idler  drums,  kept  in  place 
by  set  collars.  Motion  is  imparted  to  the  grate  by  means 
of  the  driving  mechanism  E.  This  drive  consists  of  a 
ratchet  and  pawl  and  a  worm  and  wormwheel,  by  which 
combination  tlie  grate  can  be  run  at  five  speeds.  The 
principal  advantage  of  the  wonn  and  wormwheel  is 
that  any  slack  in  the  chain  can  be  taken  up  by  means  of 
bolts  at  the  front  of  the  stoker  while  it  is  in  operation. 

The  coal  feed  can  be  regulated  by  changing  the  driv- 
ing speed  and   hy  I'aising  or  lowering  the  tile-lined  feed 
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The  frame  tops  are  protected  by  brickwork  Iniilt  up  on 
ledge  plates  B,  set  flush  with  the  line  of  the  moving 
chain. 

The  links  C  of  this  chain  are  9  in.  long.  Tlie  air  slots 
on  the  opposite  sides  of  the  links,  slopiiig  in  opposite  di- 
rections, offer  resistance  to  fine  coal  sifting  through  the 
grate  without  reducing  the  available  air  space,  which  in 
tli£   standard   links   is   23   per   cent. 

Should  a  link  in  any  way  become  broken,  the  grate 
can  be  repaired  without  delay  by  inserting  a  repair  link 
D,  made  in  two  parts  and  having  open  rod  holes.  The 
halves  are  then  slipped  into  place,  a  pin  is  driven  through 
a  hole  cored  in  the  head  of  the  link,  its  ends  are 
peaned  into  a  slight  depression,  and  the  damage  is  re- 
paired. 

The  chain  rods  E  are  round,  with  the  advantage  that 
they  can  turn,  thus  l)ringing  all  parts  of  the  surface  to 


gate.  There  are  no  bolts  in  the  entire  feed-gate  frame 
to  rust  from  coal  moisture.  AVhen  placing  the  tile  it  is 
only  necessary  to  slip  the  clip  on  the  end  of  the  tile, 
hook  the  shoe  /  on  the  clip,  and  hang  the  tile,  by  means 
of  the  shoe,  on  the  feed-gate  frame.  The  shoe  and  tile 
are  then  secured  by  a  small  tapered  pin.  All  parts  are 
accessible  by  merely  dropping  the  hopper  plate  G,  which 
is  held  in  place  by  a  hook. 

The  ash  baffles  R,  between  the  two  strands  of  chain  at 
the  rear  of  the  stoker,  have  been  devised  to  prevent  any 
air  leakage  at  places  where  excess  air  would  be  detrimen- 
tal. The  air  is  distributed  to  various  parts  of  the  grate 
by  movable  dampers  IF. 

When  the  stoker  is  doing  half  duty,  enough  dampers 
are  closed  to  make  the  active  grate  surface  just  large 
enough  to  carry  the  load  with  the  most  economical  rate 
of  combustion.     Since  efficiency  is  proportional  to  fur- 
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uace  temperature,  a  short  hot  fire,  with  no  excess  of  air, 
is  more  efficient  than  a  dead,  smoldering  fire  carried  to 
the  end  of  the  grate  through  cutting  the  stack  draft  and 
decreasing  the  rate  of  combustion  per  square  foot  of  grate 
to  an  unprofitable  figure.  By  opening  or  closing  the 
dampers,  the  stoker  is  adaptable  to  all  conditions  from  a 
banked  fire  to  above  200  per  cent,  rating. 

The  design  of  arch  affords  a  large  combustion  chamber 
of  practically  uniform  cross-section  its  entire  length. 
The  short  front  arch  makes  it  impossible  for  the  coal  to 
enter  the  furnace  for  a  foot  or  more  before  igniting. 
The  arch,  being  high  at  the  front  of  the  setting,  allows 
the  flame  to  propagate  itself  freely,  thus  raising  the  tem- 
perature of  the  short  ignition  arch,  and  also  reflecting 
the  heat  where  it  is  required  for  raising  the  temperature 
of  the  coal  to  its  point  of  ignition  as  soon  as  possible 
after  entering  the  furnace. 

The  supporting  channels  rest  on  plates  in  the  side 
walls.  Between  the  front  channels,  hangers  are  inserted 
to  support  the  channels  carrying  the  cast-iron  arch  brack- 
ets, which  support  the  tile  J  by  fitting  into  grooves  in 
the  side  of  the  tile.  This  is  shown  on  the  front  view 
of  the  stoker  setting.  Between  the  channels,  hanger 
plates  having  holes  punched  in  them,  for  receiving  the 
pin  E  on  one  end,  and  the  pipe  L  on  the  other  end,  are 
inserted.  The  rod  M  is  used  to  avoid  excessive  overhang 
on  the  end  portion  of  the  pipe  L.  This  construction  per- 
mits of  a  substantial  curtain  wall  N ,  supported  by  chan- 
nels.    Between  the  flanges  of  the  channels  are  inserted 


small  _L  section  clips.  Beneath  the  channel  and  resting 
on  the  cross  bars  of  two  adjacent  ±  clips  are  the  plates 
0.  This  arrangement  gives  a  light,  durable  support,  and 
permits  those  parts  subjected  to  the  heat  to  be  replaced 
at  small  cost. 

The  firebrick-arch  blocks,  having  holes  through  them, 
are  threaded  on  the  pipe  L,  hangers  being  placed  at  in- 
tervals not  exceeding  two  feet.  The  holes  in  the  tile  are 
so  far  from  the  surface  that  all  possibility  of  tlifi  blocks 
breaking,  due  to  perforating,  is  obviated.  Any  width  of 
arch  is  made  up  by  placing  the  required  number  of  these 
independently  suspended  sections  side  by  side. 

As  tlie  rear  tile  is  generally  subjected  to  the  most  severe 
usage,  provision  has  been  made  for  renewing  this  block. 
The  cast-iron  plug  P  is  inserted  in  the  ends  of  the  pipe, 
and  in  the  event  that  the  tile  and  supporting  plug  are 
burned  off,  all  that  is  necessary  to  replace  this  end  mem- 
ber is  to  remove  the  old  lile  and  plug  and  put  new  ones 
in  their  places.  This  often  saves  the  expense  of  a  whole 
new  arch.  The  plug  P  has  a  hole  through  the  center 
which  permits  a  small  amount  of  air  to  be  drawn  into 
the  furnace  and  keeps  the  suspension  cool.  Since  the 
air  is  preheated  in  passing  through  the  tile  it  is  a 
benefit  rather  than  a  detriment  to  high  furnace  effi- 
ciency. 

To  enable  the  fireman  to  watch  the  furnace  condition 
closely,  inspection  doors  are  provided  and,  with  the  above 
mentioned  means  of  regulation  at  his  command,  he  can 
closely  approximate   ideal   conditions. 


'MUSS, 


SYNOPSIS — Quizz  is  disgusted  iritJi  a  mechanical  en- 
gineers' handbook  because  the  pulleys  he  figured  by  its 
rule  did  not  give  the  right  speed  to  the  pump.  Chief  Tel- 
ler gives  him  a  word  about  "horse  sense." 

"Tliere,  ding  it  I  Chief,  1  did  it  by  tlie  rule,  and  it's 
wrong." 

''Oh,  now  don't  get  all  liet  up.  Will;  there's  a  limit  to 
the  application  of  almost  every  rule.  You  have  to  know 
something — even  if  it  be  only  boss  sense — in  order  to  use 
handbooks." 

"Yes,  but  a  rule  is  a  rule,  and  this  one  is  a  simjile 
2X2^4  tabloid.  I  wanted  to  belt  that  old  pump  to 
the  blower  shaft.  It  takes  84  r.p.m.  of  the  pump  to  give 
the  water  we  need,  and  the  blower  makes  150;  what 
should  be  the  diameters  of  tlie  pulleys?" 

"What  does  the  rule  say.  Will  ?" 

"Why,  'multiply  the  diameter  of  the  driven  pulley  by 
its  speed,  and  divide  by  the  speed  of  the  driver.'  I  got 
a  25-in.  pulley  with  a  6-in.  face  from  the  storage  room 
and  put  it  on  the  pump.  Then  I  used  the  rule  to  calcu- 
late the  size  of  the  ])ulley  for  the  blower  shaft.     Thus, 

25  X  84       ,,.     J     „ 
— , . -,      =14  inches 
150 

"WJuit  speed  do  you  get?" 

"Just  about  HO.  I'hc  ])ump  doesn't  keep  up  to  84.  I'll 
throw  that  bandliook  into  the  furnace." 


"It'll  make  more  B.t.u.  by  l)urning  it  in  your  mental 
dutch  oven.  There  are  two  reasons  for  the  pumj]  losing 
four  revolutions.  Y^'ou  did  not  allow  for  the  slip  of  the 
belt.  Also,  if  you  are  as  particular  as  the  merchant  who 
bought  one  million  pins  and  complained  to  the  whole- 
saler that  there  were  three  pins  sliort,  then  take  into  ac- 
count the  thickness  of  the  belt." 

"The  book  does  not  say  anything  al)out  the  slij)  or 
thickness  of  the  belt,  and  I  don't  know  how  to  figure  it. 
Show  me,  Chief." 

"Your  test  shows  the  slip  to  be  about  '<  per  cent,  of 
the  pump  speed.  Just  figure  for  about  Ihnt  iiuuli  extra 
and  use  a  1434-in.  pulley  and  you'll  get  84  r.p.ni.  and 
better.    The  figuring  would  be  like  this : 

8-1   ^   (100  —  O.O.-"!)    =  88.4 
and 

88.4  X  35 


150 


=  14.73 


or  a  14%-in.  ])ulley  for  the  driver.  A  pump,  like  a  watch, 
is  better  a  little  fast  than  slow.  The  thickness  of  the 
belt  does  not  alTcct  the  relative  rotative  speed  when  both 
pulleys  are  of  the  same  diameter,  but  the  greater  tlio 
difference  in  their  diameters  the  more  influence  it  will 
have.  Tlie  rule  is,  'add  to  the  diameter  of  each  jnilley 
one  thickness  of  the  belt,'  and  ]).-oceed  as  shown.  Try 
a  few  calculations,  Will,  using  extremes  in  belt  thickness 
and  pulley  ratios." 


344 


POWER 


Vol.  40,  Xo.  10 


©f  tllhie   FiUi 
©lie  FroBHema 


iSYNOPSlS — A   digest  of  the  Mellon-  Institute's  latest 
report  with   comments. 

m 

It  is  interesting  to  read  the  latest  report  of  the  Mellon 
Institute  of  Industrial  Research  and  School  of  Specific 
Industries  on  the  Engineering  Phases  of  Pittsburgh's 
Smoke  Problem.  It  clearly  shows  that,  outside  of  the 
topography  favorable  to  the  smobe  nuisance,  Pittsburgh's 
smoke  difficulty  is  due  chiefly  to  carelessness  in  the  op- 
eration of  boiler  furnaces. 


the  district  bring  out  the  fact — not  to  be  wondered  at 
when  the  consumption  is  considered — that  it  is  very  much 
greater  than  for  cities  like  London,  Leeds  and  Glasgow, 
the  annual  fall  being  1031  tons  per  square  mile  to  539  for 
Leeds,  426  for  London  and  830  for  Glasgow. 

The  district  is  on  the  point  of  land  where  the  Alle- 
gheny and  Monongahela  rivers  join  the  Ohio.  With  hills 
on  nearly  all  sides,  with  fogs  and  north  and  northwest 
winds  to  drive  the  smoke  into  the  business  and  residen- 
tial sections,  there  is  every  natural  barrier  to  prevent  the 
diffusion  of  tlie  smoke  after  it  gets  into  the  atmosphere. 


Pittsburgh  Center  of  Gre.\test  Coal  Field 
Pitsburgh  is  the  center  of  one  of  the  greatest  soft- 
coal  fields  in  the  world;  this  coal  is  highly  volatile  and. 
unfortunately  from  the  viewpoint  of  smoke  abatement, 

TABLE  IX.     SUMMARY  OF  PLANT  SURVEY  WITH  SMOKE  RECORDS 
Nature  of  Load 


Poor  Furnace  Conditions  in  Business  Section 

In  no  part  of  the  city  is  smoke  a  greater  nuisance  than 
in  the  business  section  and  its  immediate  vicinity ;  and 


Number 

of 
Plants 


Number 

of  B^ 

Thickness    Boilers  I 

of                per  1 

Fire            Plant  P 

3"  to  24"     1  to  10  20  I 


Smoke  Records 

Smoke  Equal 
to  or  Greater 
Than  60%  Black  (2) 


33  P'gh  coal 
Chain-  slack  or  nut  and 

grate  33       s  1  a  c  k   i  n   23  4"  to  8"       1  to  26 

stoker  plants,    run    of 

mine  in  10 

33     P'gh     coal 

slack,    nut    and 
Front  feed         34       slack,  or  run  of  3"  to  24"    2  to  22 
avalanche  mine  and  slack 

type  of  in     21     plants, 

stoker  crushed   run   of 

mine      or      nut 

size  in  13 

P'gh  coal  in  13 
Side-feed  plants.  ,„„  ,  ,    „n 

stoker  19       Youghiogheny     25"  to  12"  1  to  20 

in  1  plant.  Slack 


150  to 


*32  Horizon- 
tal return  tu- 
bular 

tlS  Water 
tube,  3  loco- 
motive, 3  two 
flue 

Ail  water  tube 

23  horizontal 

type 

10    vertical 

type. 

All  water  tube 

borizoDtal 
t>*pe  in  most 


3  Horizontal 
return  tubu- 
water 


Per  Cent,  of 
Black  Smoke 
verage  per  hr.  23  4    Average  per  hr.  12.2 
'0  Maximum  40.8 

i0  3  Minimum  0  0 


.\ verage  per  hr.  13  6 


Average  per  hr.  10.5 
•■     ■  51  0 

lO  0 


Minimum  1 . 0 

Average  per  hr.  2.1 
"  '     "  27 . 0 

0  0 


Average  per  hr.  27  . 2    Average  per  hr.  14.6 


1     fire 


10 


21 


Average  per  hr.  7.6 
Maximum  29.0 
Minimum  1 


Average  per  hr. 
Maximum  9  0 
1  0  0 


29.8 
52.8 
0.0 


37.6 
60.0 
0.0 


22.8 
57.0 
0.0 


43.8 
60  0 
10.75 


nut  and  slack 

size  fuel  used  in 

13  plants. 

Run  of  mine  in 

1  plant. 

P'gh    coal  in  9 
Under-  plants.  New 

feed  York  and  Cleve- 

stoker  10       land.     Gas  coal 

in    1   plant. 

Slack  or  nut  and 

slack  used  in  9 

plants  and  run 

of    mine    in     1 

plant. 
Remarks- — *These  'Stacks  are  connected    to  boilers  without  fire  tile  roofs  or  coking  arches  over  the  fire 
coking  arches  greater  than  2'6"  in  length  over  the  fire.         1.     In  a  number  of  cases  information 
eight  minutes  per  hour  of  smoke  equal  to 


Average  per  hr.  6  5 

Average  per  hr. 

.35 

43.1 

Maximum  15  0 

Maximum  13.0 

59.8 

Minimum  0.0 

Minimum  0.0 

10.8 

4    Horizontal 

return    tubu- 
'  to  30"    1  to  12    85  to  1200  lar     5     wat€r 
tube  1  Scotch 
marine 


tBoilers  are  equipped  with  Dutch  ovens  and  with 

the  nature  of  the  load  was  not  obtained.         2.     An  average  of 
greater  than  60%  black  constitutes  a  violation  of  the  city  smoke  ordinance. 


is  cheap.  Added  to  this  is  the  fact  that  the  industries 
of  the  city  make  the  plants  large  users  of  coal.  The  fig- 
ures of  Mr.  SearLe,  chief  smoke  inspector  for  the  city, 
show  that  in  1912  the  Pittsburgh  district  consumed  17,- 
721,783  tons,  making  it  the  largest  consumer  of  bitumi- 
nous coal  in  the  world.  In  addition,  it  uses  five  million 
tons  of  coke,  but  coke,  however,  is  not  a  smoke  producer. 
With  such  an  enormous  consumption  and  with  the  price 
of  fuel  so  low,  the  natural  tendency  is  to  hire  cheap  labor 
in  the  boiler  room  and  ignore  the  use  of  equipment  con- 
ducive to  economical  and  practically  smokeless  com- 
bustion. 

Enoejious  Soot  Fall 

Careful  tests  to  determine  the  amount  of  soot  fall  in 


unfortunately  that  district  produces,  according  to  the  re- 
port, nearly- all  of  the  smoke  in  that  section. 

The  reasons  are  that  the  boiler  rooms  of  the  office, 
store  and  public  buildings  are  usually  cramped  and 
crowded,  having  furnaces  of  inadequate  volumes,  tortuous 
flues  and  stacks  and  are  dark  and  illy  ventilated,  thus  of- 
fering inducements  to  negligence  by  the  firemen.  Inves- 
tigators of  the  smoke  problems  of  cities  know  that  while 
Pittsburgh  is  not  alone  in  this,  the  extreme  conditions 
surely  offer  a  convincing  reason  for  the  necessity  of  com- 
pulsorv  engineering  supervision  of  plans  and  specifica- 
tions for  new  and  remodeled  furnaces  and  flues.  These 
preventable  conditions  are  also  true  of  the  manufacturing 
territory,  which  produces  most  of  the  smoke  made  in  the 
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district.  Of  the  stationary  plants  investigated,  it  was 
shown  that  at  least  a  30  per  cent,  decrease  in  fuel  con- 
sumption could  be  effected  by  changes  in  furnace  con- 
struction and  firing  methods. 

What  a  field  for  the  combustion  engineer  if  the  price 
of  fuel  were  high  or  the  plant  owners  should  suddenly 
be  filled  with  enough  civic  pride  to  provoke  enthusiasm 
in  combating  the  smoke  evil  I 

The  Mkrits  of  Fii;ixg  Methods 

In  discussing  hand  firing,  the  report  contends  that 
neither  the  alternate  nor  coking  methods  can  be  made 
to  produce  as  good  results  with  a  vertically  as  with  a 
horizontally  baffled  water-tube  boiler,  because  with  the 
former  the  gases  from  the  green  coal  immediately  rise 
from  the  fire  into  the  cooler  volume  above,  while  with  the 
horizontal  baffling,  these  gases  must  pass  between  the  in- 
candescent part  of  the  fuel  l)ed  and  the  refractory  fire  tile 
on  the  bottom  row  of  tubes. 

The  Chic'.voo  Method  Good 

As  only  tlie  spreading,  alternate  and  coking  method^ 
are  discussed,  one  concludes  that  a  combination  of  the 
spreading  and  coking  method,  so  favorable  in  hand-fired 
plants  in  Chicago,  was  not  tried. 

Illinois  coal,  generally  used  in  Chicago,  is  higher  in 
volatile  matter  than  Pittsburgh  coal  and  the  method  of 
firing  as  recommended  by  Mr.  Monnett,  chief  smoke  in- 
spector for  Chicago,  should  be  productiv.^  of  as  good  re- 
sults in  Pittsburgh  as  in  Chicago.  The  method  is  to 
charge  the  furnace  by  throwing  conl  in  small  piles  dis- 
tributed over  the  fuel  Iwd.  When  tlie  volatile  has  been 
driven  off  the  piles  are  leveled. 

This  is  a  eompr|pmise  between  all  three  nethods. 
spreading,  alternate  and  coking,  that  will,  to  an  appre- 
ciable extent,  overcome  the  disadvantages  of  each  of  these 
methods.  It  is  conceded  that  the  spreading  method  is 
invariably  bad ;  distillation  is  so  rapid  with  the  alternate 
method  that  more  or  less  dense  smoke  is  produced  for 
short  intervals  after  each  firing;  with  the  coknig  method, 
distillation  is  slow  while  the  coal  is  in  a  pile  at  the  front 
of  the  grate,  but,  wlu^n  puslied  back  on  the  incandescent 
fuel,  is  so  rapid  as  to  make  black  smoke,  the  amount 
depending  upon  the  ciuantity  of  coal  i)ushed  l)ack  and  on 
its  volatile  content.  With  wliat  may  be  called  the  Ciii- 
cago  metluxl,  the  coal  to  be  coked  is  in  small  piles  on 
the  incandescent  bed  instead  of  in  one  large  pile  on  the 
front  of  the  grate.  Distillation  is  com])lete  and  slow 
enough  from  tlw?  piles  so  that  while  coking  and  when 
spread  over  the  grate,  a  large  volume  of  black  smoke  is 
not  produced.  Like  other  methods,  this  entails  extra  ef- 
fort, but  if  one  wants  smokeless  combu>tioii  witli  hand 
firing,  he  has  got  to  work  for  it.  Pittsiinrgh  might  do 
Well  to  try  this  nijetliod. 

LoNOKi!  IdviiKiN    .\iiriii:s   \i:i;i)i:ii 

The  report  ])lea(ls  for  long  ignition  .irchcs  ami  favors 
horizontal  baffles.  This  may  he  best  for  all  furnaces  us- 
ing I'ittsburgh  coal,  and  for  furnace  using  any  coal,  pro- 
viding there  is  sufficient  furnace  volume  obtained  by  a 
high  setting.  The  writer  has  observed  that,  with  ordi- 
narily high  settings,  boilers  horizontally  baffled  and  burn- 
ing some  Eastern  bituminous  coals  have  failed  utterly 
to  operate  at  even  rated  rapacitv  becau.se  the  furnace 
temperature  was  so  high  a.s  to  quickly  fuse  much  of  the 


ash  and  decrease  the  air  supply  by  plugging  the  grate. 
By  changing  to  vertical  baffling  or  getting  a  coal  with  ash 
that  has  a  much  higher  fusing  point,  or  exposing  the  bot- 
tom row  of  tubes,  the  trouble  ceases.  Fortunately,  most 
coals  do  not  give  much  serious  trouble  in  boilers  so  baffled. 

H-\.\DF]KiXG  Bp/rTER  Th.ix   Frontfeed   Stoker 

The  acccmiiariving  table,  which  is  a  summary  of  the 
surveys  of  15•^  plants,  shows  the  surprising  fact  that  the 
front-feed-overfeed  .stoker  gives  poorer  results  than  hand 
firing,  so  far  as  .smokelessness  is  concerned.  Thirty-four 
plants  having  these  stokers  under  horizontal  water-tube 
boilers,  and  all  except  one  using  Pittsburgh  coal,  produce 
smoke  equal  to  or  greater  than  fiO  per  cent,  black 
(Ringlemann)  for  an  average  of  14.fi  minutes  per  hour 
against  VZ.2  minutes  for  32  hand-fired  horizontal  return- 
tubular  boilers,  while  with  18  hand-fired  water-tube  boil- 
ers, the  average  was  5.2  minutes  per  hour.  Xotice  that 
the  hand-fired  tubular  boilers  do  not  have  coking  arches 
or  dutch  ovens  as  is  the  case  with  the  hand-fired  water- 
tube  boilers. 

The  reason  for  the  [joor  results  with  these  stokers,  as 
compared  with  hand  firing  and  other  stokc-rs  is,  perhaps, 
due  to  two  chief  causes,  namely  too  frequent  disturbance 
of  the  fire  by  hand  and  too  short  ignition  arches  placed 
too  near  the  grate.  The  last  defect  may  induce  the  first, 
for  under  such  conditions  the  green  coal  does  not  coke 
sufficiently  on  the  dead  plate,  but  volatilizes  so  rapidlv 
when  it  gets  further  down  that  black  smoke  is  produced. 
This,  with  some  coals  at  least,  leads  to  clinker  troubles 
that  cause  the  firemen  to  disturli  the  fire  frequently, 
often  provoking  the  trouble. 

Locomotives  contribute  [hv  second  greatest  amount  of 
smoke  in  the  district.  This  smoke  is  exceedingly  objec- 
tionable becau.se  the  stack  is  so  low  that  the  smoke 
quickly  diffuses  over  a  comparatively  wide  area  before 
it  has  risen  much  above  the  height  of  the  stack.  The 
coiulusion  is  reached  that  the  electrification  of  yard  lo- 
comotives especially  will  be  necessary  before  the  ulti- 
mate .solution  of  the  railroad   smoke   problem   is   made. 

Mechanical  stokers  assist  in  considerably  reducing 
the  smoke  produced  in  metallurgical  furnaces. 

Smoke  from  boats  in  the  rivers  adds  com))aratively 
little  to  the  smoke  of  the  distritt. 


LoDK  TrnnsmlNHlon  Span — On  the  long:  lini'  of  the  Missis- 
.sippi  River  power  Co.  Is  a  sp,in  200  ft.  at  the  crossing-  of  the 
Missouri  River.  The  conductor  at  this  point  consists  of 
%-in.  stranded  steel  core  overlaid  with  20  strands  of  No.  10 
B.  &  S.  hard  drawn  copper  wire.  The  normal  saK  is  about 
150  ft. 


\vnnublr  Wntrr  I'ower  <if  Ontnrlo — Ontario  has  man.v 
Inliiiiil  laltes,  of  which  the  two  largest  are  the  Lalte  of  the 
Wodil.-i.  with  an  area  of  1S5I.  and  Uike  Niplj,'on,  with  1730 
square  miles.  The  ten  most  important  of  these  Iiiltes  have 
a  total  area  of  G12S  square  miles.  The  numerous  rivers  and 
lakes  scattered  throuKliout  the  province,  particularly  In  north- 
ern Ontario,  afford  almost  unlimited  water  power.  It  is  esti- 
mated that  the  total  available  water  i>owers  of  the  province 
are  sufficient  to  produce  between  4.000,000  and  5.000.000  hp., 
of  which  about  1.000. 000  hp.  had  been  developed  In  1310.  It 
Is  proposed  to  retain  in  the  hands  of  the  Kovernment  as  far 
as  possible  these  Immense  waterpowers  to  be  developed  as 
needed  for  the  benefit  of  the  people  and  not  for  the  enrichment 
of  private  monopolies. 
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SYNOPSIS — This  is  the  concluding  installment  of  the 
analytical  discussion  of  the  rules  drawn  by  the  Massa- 
chusetts Board  of  Boiler  Rules. 
•#, 
Sectiox  4   (continued) 

Paragraph  S6  permits  tested  stay-bolt  material  to  be 
used  at  a  factor  of  safety  of  6.5.  This  does  not  appre- 
ciably increase  the  allowable  load,  except  for  the  smaller 
sizes  of  steel  stays. 

Paragraphs  37,  3S  and  39  contain  useful  and  conven- 
ient tables,  well  worth  embodying  in  other  rules  of  the 
kind. 

Paragraph  43  specifies  how  rivet  holes  are  to  be  made. 
The  method  given  is  probably  as  safe  and  good  as  drill- 
ing the  holes  from  the  solid  plate,  but  the  latter  is  prac- 
tically as  cheap  and  so  specifying  would  relieve  the  shop 
inspector  from  keeping  a  record  of  the  size  holes  punched 
on  every  boiler  to  show  that  the  rules  were  complied  with. 
Often  an  inspector  sees  only  the  finished  hole  and  it  is 
impossible  for  him  to  tell  whether  the  required  amount 
of  metal  has  been  drilled  out  or  not. 

Paragraph  J,6  requires  the  calking  edge  of  the  plates 
to  be  beveled  wherever  possible.  This  rule  should  add 
that  such  beveling  be  done  on  a  planer  and  not  on  bevel 
shears,  since  shears  probably  injure  the  metal  as  much  as 
punching  rivet  holes  full  size. 

Paragraph  1,7  specifies  the  method  of  making  tube 
holes.  A  limit  placed  on  the  difference  to  be  permitted 
between  the  diameter  of  tube  holes  and  that  of  the  tubes 
to  be  expanded  in  them  would  have  improved  the  rule  and 
the  boiler's  safetj'. 

Paragraphs  49,  50  and  51,  dealing  with  the  manner 
of  finisliing  the  tube  ends  for  both  fire-tube  and  water- 
tube  boilers,  are  very  important,  both  from  the  standpoint 
of  safety  and  to  obtain  good  workmanship. 

Paragraph  53,  giving  the  minimum  number  of  pipe 
threads  in  an  opening,  is  also  important.  It  should, 
however,  be  modified  to  permit  of  some  fittings  being 
bolted  to  a  boiler.  The  rigid  enforcement  of  the  rule 
as  it  now  stands  would  cause  the  rejection  of  some  per- 
fectly good  and  safe  construction,  which  is  even  better 
than  riveting  the  parts  together. 

Paragraph  56  specifies  the  material  for  manhole 
frames.  A  number  of  failures  have  occurred  at  this  point 
in  the  past;  similar  rules  should  be  made  by  others. 

Paragraph  59  concerns  tbe  material  for  manhole 
plates.  While  plates  conforming  to  these  specification.? 
may  be  made  lighter  than  cast-iron  plates,  still  cast-iron 
is  perfectly  safe  for  such  use  and  should  not  be  barred. 

Paragraph  GO  requires  a  manhole  located  in  the  front 
liead  below  the  tubes,  in  a  boiler  60  in.  in  diameter  or 
over.  There  has  been  considerable  criticism  of  this  rule 
on  account  of  this  requirement,  due  to  the  fact  that,  in 
New  England,  the  feed  water  is  of  exceptional  purity, 
and  it  has  been  customary  to  place  only  haudholes  below 
the  tubes  and  some  of  the  New  England  boilermakers  ob- 
jected to  changing  this  practice.     In  other  sections,  the 


conditions  are  quite  different  and  it  is  necessary  to  have 
£.  manhole  below  the  tubes  to  aft'ord  access  for  cleaning. 

Ohio  rules  specify  that  manholes  must  be  placed  be- 
low the  tubes  in  all  boilers  48  in.  or  more  in  diameter. 
This  is  the  safest  plan  to  be  adopted  by  others  because 
the  manhole  can  do  no  harm  and  at  times  is  a  neces- 
sity. 

Paragraph  62  requires  a  handhole  in  the  rear  head  be- 
low the  tubes,  in  all  boilers  not  having  a  manhole  below 
the  tubes.  Such  hand-holes  are  so  troublesome  that  the 
wisdom  of  this  rule  is  doubtful.  They  greatly  facilitate 
cleaning,  but  have  also  been  the  means  of  ruining  many 
iioilens.  All  boilers  of  this  type  should  have  manholes 
below  the  tubes,  except  those  of  very  small  diameter, 
extra-wide  spacing  between  the  center  tubes  and  ample 
space  between  the  shell  and  tubes  at  the  side  would  avoid 
the  necessity  of  having  handholes  in  the  rear  heads 
below  the  tubes. 

Paragraph  66  requires  at  Least  1  in.  of  solid  metal, 
in  the  clear,  around  a  handhole  opening,  except  where 
the  plate  is  j'g  in.  thick  or  over,  when  the  prescribed 
amount  is  reduced  to  i^  in.  The  only  good  reason  for 
this  rule  seems  to  be  that  plenty  of  metal  to  work  on 
makes  repairs  easier  where  corrosion  has  eaten  away  the 
nietal  below  a  handhole  opening  on  a  vertical  or  locomo- 
tive-type boiler.  However,  if  this  is  its  purpose,  there 
is  no  logic  in  reducing  the  allowance  in  the  case  of  the 
thicker  plates. 

Paragraphs  67,  6S,  69  and  70  specify  that  boilers  ovei 
78  in.  in  diameter  be  supported  by  hangers  and  columns, 
independent  of  the  setting  walls.  This  rule  has  been 
criticized  some,  but  is  good  and  might  even  make  the 
minimum  size  73  in. 

The  reduced  shearing  strength  allowed  on  rivets  that 
attach  lugs  and  brackets  to  boiler  shells  is  justified.  There 
should  be  a  rule  regarding  the  design  of  the  lugs  and 
brackets,  so  that  the  load  on  the  rivets  is  evenly  dis- 
tributed. A  lug  may  have  plenty  of  rivets,  if  all  were  in 
service,  so  that  the  stress  per  rivet  would  be  low,  but  if 
the  design  is  such  that  only  two  or  three  rivets  act  to- 
gether, the  stress  per  rivet  may  be  dangerously  high.  A 
reasonable  stress  per  rivet  is  also  necessary,  because  the 
stress  is  transmitted  directly  to  the  shell  in  such  a  way  that 
it  is  added  to  the  tensile  stress  on  the  shell,  produced  bv 
mternal  pressure.  Probably  many  explosions  of  horizon- 
tal return-tubular  boilers  are  due  to  abnormal  stresses  in 
the  vicinity  of  the  supporting  lugs. 

Paragraph  71  makes  it  necessary  to  ha\c  the  top  of  the 
grates  above  the  leg  ring  in  locomotive  and  vertical  tubu- 
lar boilers.     This  is  a  good  rule. 

Section  5 

Paragraph  1  of  this  section  prohibits  a  safety  valve 
being  connected  to  an  internal  pipe  placed  in  the  steam 
space  of  the  boiler.  This  rule  would  be  more  definite, 
if  stated  about  as  follows :  A  dry  pipe,  or  other  intemal| 
device,  must  not  be  attached  to  a  steam  outlet  to  whicl 
safety  valves  are  attached. 
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Paragraph  2  specifies  that  safety  valves  for  superheat- 
ers must  be  placed  at  or  near  the  steam  inlet,  whereas. 
they  should  be  placed  at  or  near  the  steam  outlet,  to 
properly  protect  the  superheater  from  overheating-.  The 
State  of  Wisconsin  so  specifies  the  location  in  its  proposed 
rules. 

Paragraph  3  requires  all  boiler  connections  over  2  in. 
in  diameter,  except  the  safety-valve  connection,  to  have 
a  stop  valve  near  the  boiler,  which  must  be  of  the  outside 
screw  and  yoke  type.  This  is  a  good  rule,  intended  to 
promote  safety  and  should  be  copied. 

Paragraph  5  requires  two  stop  valves  on  all  boilers  set 
in  a  battery  when  a  pressure  greater  than  135  lb.  is  al- 
lowed on  any  of  the  boilers.  This  rule  deserves  a  place 
in  all  rules  to  promote  safety,  but  the  highest  pressure 
allowed,  without  two  valves,  should  be  35  lb.  and  the  rule 
should  read:  "Where  two  or  more  boilers  are  connected 
to  the  same  steam-pipe  system,  two  stop  valves,  etc."  A 
rule  should  require  suitable  locks  and  chains,  for  tlw? 
blowoff  and  main  steam  valves,  so  that  they  may  be 
locked  closed  on  each  boiler  undergoing  repairs,  cleaning 
or  inspection.  Fatal  accidents,  caused  by  turning  hot 
water  or  steam  into  idle  boilers,  are  frequently  occurring 
and  a  strict  rule  of  this  kind  would  tend  to  reduce  the 
number  of  such  accidents. 

Paragraph  6  gives  the  minimum  number  of  threads 
that  a  pipe  or  nipple  must  screw  into  a  fitting.  This  is  a 
good  rule,  for  it  avoids  any  controversy  between  the  in- 
spector and  the  owner. 

Paragraph  7  provides  two  stop  valves  on  boilers  set  in 
a  battery  and  superheating  the  steam  more  than  80  deg. 
Specifying  double  valves,  as  has  been  previously  recom- 
mended, would  cover  this  case. 

Paragraph  8  si>ecifies  that,  when  a  globe  valve  is  used 
on  the  feed  line  to  a  boiler,  the  inlet  shall  be  under  the 
disk.  This  protects  against  the  valve  coming  loose  from 
the  stem  and  closing  off  the  feed. 

Paragraph  9  re(iuires  the  feed  water  to  be  discharged 
about  three-fifths  the  length  of  the  boiler  from  the  front 
head,  except  when  a  boiler  has  an  auxiliary  feed-water 
heating  device.  It  is  open  to  question  whether  this  lo- 
cation can  be  considered  the  best. 

Paragraph  10  seems  to  fully  cover  the  situation  in 
regard  to  the  proper  point  for  the  discharge  of  the  feed 
water. 

Paragraph  12  pertains  to  means  of  feeding  a  boiler 
of  over  50-hp.  capacity.  The  rules  are  rather  weak  in 
this  particular,  for,  as  already  pointed  out  in  discussing 
Part  II  of  the  rules,  the  only  need  is  that  some  means 
be  provided  to  feed  the  boiler  against  the  maximum  pres- 
sure allowed;  where  the  local  watcr-sii[)ply  pressure  is 
high,  a  connection  to  the  system  may  be  the  only  means 
UBed  to  feed  the  boilers.  If  a  boiler  user  should  decide  to 
have  a  reserve  pump  or  injector  as  an  additional  safe- 
guard, he  would  have  to  put  in  tuD  siuli  devices,  to 
comply  with  the  law,  although  he  coiild  leave  off  both 
without  violating  it.  A  better  rule  would  he  about  as 
follows :  "When  boilers  are  to  be  operated  at  a  pressure 
greater  than  25  lb.,  they  shall  have  two  or  more  means 
I  of  feeding,  each  capable  of  delivering  an  amount  of  water 
corresponding  to  at  lea.st  twice  the  maxinuun  rated  boiler 
capacity,  against  tlie  maximum  pressure  allowed,  except 
in  plants  having  three  or  more  boilers  where  a  reserve 
feeding  apparatus  50  per  cent,  in  excess  of  the  rated  ca- 
pacity of  the  plant,  will  be  considered  sufTicjent.     When 


the  water  supply  for  a  boiler  may  be  drawn  directly  from 
i>.  water  system,  and  the  average  water  pressure  is  20  per 
cent,  greater,  at  the  connection  to  the  boiler  than  the 
steam  pressure  allowed,  the  water  system  will  be  consid- 
ered as  one  of  the  methods  of  feeding  the  boilers." 

Paragraph  IS  requires  the  temperature  of  the  feed 
v/ater  entering  a  boiler  to  be  not  less  than  120  deg.,  when 
the  pressure  allowed  exceeds  25  lb.  This  is  a  good  rule 
and  should  be  copied  by  others. 

Paragraph  IJf.  limits  the  maximum  size  of  a  surface 
blowoff  to  11/2  in.  This  does  not  interfere  seriously 
with  the  use  of  a  blowoff  of  this  description.  Still,  there 
seems  no  reason  why  a  surface  blowoff  should  not  be 
permitted  as  large  as  a  bottom  blowoff  connection. 

Paragraph  15  prescribes  the  sizes  for  bottom  blow-off' 
connections  from  1  in.  to  21/^  in.,  and  these  are  good  lim- 
its to  be  followed.  A  globe  valve  on  a  blowoff  connec- 
tion is  prohibited,  which  is  also  wise. 

Paragraphs  16,  17,  IS,  19  and  20  all  relate  to  blowoff 
equipment  and  are  all  good. 

Paragraphs  22  to  26,  inclusive,  deal  with  the  water- 
column  equipment  and  are  good,  except  that,  if  valves 
had  been  entirely  prohibited  on  the  water-column  con- 
necting pipes,  instead  of  requiring  that  they  be  locked 
or  sealed  open,  the  safety  of  operation  would  have  been 
increased. 

Paragraph  29  states  that  steam  reservoirs  are  required 
on  mains  where  heavy  pulsations  cause  vibrations  of  a 
steam  pipe.  This  rule  should  specify  the  size  of  reser- 
\oiTs  required,  for,  in  its  present  form,  it  is  of  no  value 
whatever,  and  it  is  doubtful  if  it  could  be  enforced. 

Section  6 

Section  (5  deals  entirely  with  installations  that  are  not 
standard  or  that  were  in  the  state  at  the  time  of  the  pass- 
age of  tlije  law.  It  is,  of  course,  impossible  to  make  a  set 
of  boiler  rules  as  complete  as  those  of  Massachusetts  and 
expect  that  every  boiler  that  is  made,  or  comes  into  the 
state,  will  be  constructed  in  exact  accordance  with  them. 
II  was  soon  fouiul  that  a  number  of  boilers  came  into  the 
state  that  did  not  comply  fully  with  the  rules.  This  wa.s 
not  on  account  of  any  attempt  on  the  p.irt  of  the  manu- 
facturer or  owner  to  evade  the  law  and  it  was  recognized 
that  some  way  should  be  provided,  so  that  these  boilers 
might  be  used,  therefore  Paragraph  1  of  Section  6,  in  a 
little  different  form  from  that  now  used,  was  added  to  the 
rules. 

This  paragra))!)  provides  that  when  an  owner,  or  pros- 
pective owner,  of  a  boiler  that  does  not  comply  with  the 
rules,  desires,  he  nuiy  apply  to  the  board  of  boiler  rules 
for  a  permit  and  that  such  a  boiler  may  be  installed  after 
an  inspection  by  a  member  of  the  state  boiler-inspection 
department.  The  lowest  factor  of  safety  that  may  he 
used  in  fixing  the  pressure  on  such  a  boiler  is  5.5,  and 
the  longitudiiud  joints  nnist  conform  to  the  requirements 
as  given  in  the  rules.  Some  jirovision  of  a  similar  char- 
act/'r  shouhl  be  made  in  every  law,  but  care  must  be  ex- 
ercised that  all  such  boilers  are  penalized,  for  unless  this 
is  done,  too  many  such  boilers  will  be  submitted  for  con- 
sideration. 

Paragraph  2  jtrovidcs  for  the  reinstallation  of  boilers 
that  were  in  the  state  at  one  lime,  and  later  removed. 
TTnder  such  coiulitions  a  certificate  may  be  issued  after  an 
inspection  by  a  state  inspector  or  one  holding  a  certificate 
as  an   iMSf)cctor  of  boilers  for  the  state.     This  was  an- 
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otly?v   provision,   to   prevent    interference   with    property 
rights. 

Additions   to   the   Eules   That   Might   Have    Good 
Effect 

The  Massachusetts  rules  could  be  materially  reduced 
i7i  number,  for  many  are  not  directly  concerned  with 
safety.  Also  a  number  of  rules  might  be  added  to  advan- 
tage, besides  those  that  have  been  mentioned  in  this  dis- 
cussion. For  example,  there  are  no  rules  to  govern  the 
construction  of  domes  for  boilers,  although  the  rules  do 
not  prohibit  their  use.  The  Board  of  Boiler  Eules  would 
have  been  justified,  if  it  had  prohibited  the  use  of  domes 
on  all  boilers  built  for  use  in  the  state  after  the  passage 
of  the  law.  Unless  a  boiler  dome  is  properly  designed, 
especially  with  respect  to  its  attachment,  the  shell  of  the 
boiler  is  likely  to  be  dangerously  weakened.  This  has 
led  to  many  seriou.s  boiler  explosions. 

As  already  mentioned,  the  rules  do  not  cover  furnace 
design,  where  other  than  staybolted  furnaces  are  used  and 
this  is  very  important.  Some  rule  should  be  adopted  to 
permit  a  limited  amount  of  pressure  on  the  heads  of 
boilers  and  similar  surfaces,  without  requiring  that  they 
be  braced. 

A  rule  which  would  reduce  one  class  of  accidents, 
would  specify  how  the  discharge  end  of  blowoff  pipes 
must  be  arranged.  Another  provision,  that  would  tend 
to  safeguard  lives,  would  be  that  the  fire-doors  of  water- 
tube  boilers  open  inwardly  or  at  least  have  substantial 
latches,  so  that  the  attendants  would  be  exposed  to  dan- 
ger from  tube  failures  only  while  the  fire-doors  were  be- 
ing  used. 

A  good  rule  would  require  tlifi  pipe  connecting  the 
steam  gage  to  a  boiler  to  be  at  least  i/^  in.  in  size  and  of 
brass  up  to  the  point  where  it  is  connected  to  the  water- 
column  piping  or  the  boiler.  A  number  of  explosions  have 
been  traced  to  the  combination  of  a  defective  safety  valve 
and  a  defective  gage:  often  the  trouble  with  the  gage 
has  been  that  the  connection  to  the  boiler  has  been 
stopped  with  rust  scale.  Sometimes  little  time  is  re- 
quired for  a  i/4-in.  iron  pipe  to  become  completely 
stopped. 

Safety  valves  should  be  required  to  be  equipped  with 
micans  to  permit  of  their  being  tested  from  the  engine- 
room  floor.  The  top  of  a  boiler  is  a  disagi-eeable  place, 
especially  in  summer,  and  only  by  providing  reasonable 
means  for  testing  valves,  can  it  be  expect^nl  that  this  duty 
will  be  attended  to.  A  rule  fixing  a  minimum  height 
for  the  space  over  boilers  would  be  quite  desiralile. 

A  rule  specifying  seamless  drawn  tubes  of  heavier  gage 
than  the  standard,  for  water-tube  boilers  on  which  high 
pressure  is  to  be  carried,  would  tend  to  eliminate  some 
of  the  tube  accidents  that  are  now  frequent.  A  rule 
requiring  that  gage  glasses  be  properly  protected,  would 
tend  to  safeguard  the  eyesight  or  life  of  plant  operatives, 
for  the  breaking  of  a  gage  glass  has  been  the  cause  for 
the  I0S.S  of  life. 

Conclusion 

In  conclusion,  it  may  be  again  repeated,  on  account  of 
its  importance,  that  rules  to  govern  boilers  already  in 
service,  should  be  given  the  most  careful  consideration, 
because  it  is  these  rules  that  will  ibeet  the  opposition  of 
steam  users  and  if  they  are  not  strictly  just,  or  necessary 
for  safety,  they  will  not  stand  the  test  of  public  opinion. 


The  department  of  smnke  inspection  of  Nashville, 
Tenn.,  has  adopted  the  following  rules  prescribing  the 
quality  of  fuel,  style  of  furnace,  and  sizes  of  stacks  for 
heating  boilers : 

1.  In  all  firebox  boilers  up  to  1500  stj.ft.  capacity, 
coke  or  coal  with  less  than  '209(  volatile  matter  must  be 
used. 

2.  All  firebox  boilers  aliovc  l-'iOO  sq.ft.  rated  capacity 
must  be  j)rovi(lcil  with  downdraft  furnaces. 

Stack  Sizes 

3.  The  least  dimensions  allowed  for  stacks  of  boilers 
of  various  sizes  are  as  follows: 


Squar 

e  Feet  of  Boiler- 

Heating  Surface 

Stacli  S 

zes 

Up 

to 

500 

sq.ft. 

9 
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X 

9 

in 

X 

40 
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to 
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12 

in. 

X 

12 

in. 

X 

45 
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to 

1,500 

sq.ft. 

12 

in. 

X 

12 

in 

X 

50 

ft. 

1,500 

to 

2,500 

sq.ft. 

16 

in. 

X 

16 

in. 

X 

60 

ft. 

2.500 

to 
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20 
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X 

20 

in. 
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sq.ft. 

20 
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X 

20 

in. 

X 

65 
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to 
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20 
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X 

20 

in. 

X 

70 
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20 
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X 
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4.  The  above  stack  sizes  are  for  boilers  which  are  set 
not  over  10  ft.  from  the  stack,  counting  from  center  of 
fetack  to  back  of  boiler,  and  allow  for  only  one  right- 
angle  turn  in  the  smoke  connection :  for  each  additional 
right-angle  turn  add  10  ft.  to  the  height  of  the  stack. 

5.  These  sizes  are  for  cases  where  only  one  boiler  i3 
connected  to  the  stack,  and  where  there  are  no  openings 
in  the  stack  for  other  purposes. 

6.  Where  more  than  one  boiler  is  used,  or  where  other 
apparatus  is  connected  to  the  stack,  each  case  will  be 
passed  on  separately. 

7.  In  all  cases  stacks  must  be  carried  above  the  top- 
most story  of  the  building. 

8.  The  top  of  all  stacks  must  be  at  least  12  ft.  higher 
than  the  roof  of  any  building  within  50  ft.  of  the  stack. 

!).  Every  stack  not  directly  connected  must  have  a 
clean-out  door  at  its  base  at  least  24  in.  square.  A  .stack 
less  than  24  in.  square  must  have  a  clean-out  door  of  the 
same  area  as  the  cross-sectional  area  of  the  stack. 


Coal    rroduftion    in    IVorth    Dakota    In    1913 — Altiiough    the 
production   of  coal   in  Nortli   Dakota   in   1913   was  only    495,320 
short   tons,  valued   at   $750,652,  some  interesting  facts  regard- 
ing   the    possibilities    of  the   vast   deposits   which    underlie   the  ■ 
state    are   shown   in   a  statement   by    E.    W.    Parker   just    made  ' 
public  by  the  United  States  Geological  Survey.     All  the  present 
mineral   fuel  produced  in  North  Dakota  is  brown  coal,  or  lig- 
nite.      Considerable    areas    of    subbituminous    coal    of    usable 
quality  and  workable  thickness  are   believed   to  underlie   por- 
tions of  the  lignite  areas,  but  no  attempt   to  exploit  the  sub-  ^ 
bituminous    coals    has    been   made.      At   present    the    lignite    ia , 
used  chiefly  for  domestic  purposes,  but  with  proper  equipment  I 
it  can  be   used  with   satisfaction   as  a  boiler  fuel.     A  convinc-  | 
ing   example    of    what    may    be    accomplished    with    lignite   tol  ! 
such    use    is   presented    by   the    irrigation    plant    of   the   United  j 
States    Reclamation    Service    at    Williston.      The    lignite    used  ;i 
here   is   taken   from   the   only  coal   mine   owned   and   operated  il 
by  the  Government.     As  the  gas-producer  and  internal-combus- )1 
tion  engines  in  large  units  come  into  more  general  use  in  tht,  ^i 
West,   as    they  are   rapidly   doing   in   the    East,    the   lignites  of 
North    Dakota   will    be    recognized   as   possessing   great    poten-  ! 
tialities   in    the    settlement    and    economic   development    of   the  I 
state.     Experiments  also  show  that  lignite  can  be  successfullyj 
briquetted.  after  which   it  stands  transportation  well  and  Itsj 
heat  value  is  increased  50  to   70   per  cent. 
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Congratulations  t'.re  chu'  tlie  Mellou  Institute  of  the 
Universit}-  of  rittslniru:h  for  its  latest  bulletin.  '"Some 
Engineering  Phases  of  Pittsburgh's  Smoke  Problem."  It 
i.s,  we  believe,  the  best  report  vet  published  on  the  engi- 
neering phases  of  the  smoke  problem  of  s  city.  Hereto- 
fore, moiit  of  the  Institute  bulletins  have  dealt  witli 
smoke  and  its  relation  to  the  damage  to  laundrv,  build- 
ings, vegetation  and  its  psychic  effect  upon  individuals. 
Unquestionably,  these  bulletins  have  made  the  citizens  of 
Pitsburgh  realize  that  smoke  is  very  expensive  and  dis- 
agreeable, but  they  have  not  excited  the  enthusiasm  of 
the  engineer.  The  present  bulletin,  however,  is  most 
commendable  and  well  worth   studying. 

Our  review  and  comment  on  page  343,  suggest  many 
interesting  thoughts  on  the  causes  and  abatement  of  the 
smoke  evil.  Of  the  one  hundred  and  fifty-two  plants 
observed,  the  results  again  confirm  the  ability  of  the  un- 
derfeed type  of  stoker  to  give  smokeless  combustion  when 
properly  handled.  It  comes  as  a  surprise  that  the  front- 
feed  overfeed  t\"pe  of  stoker  under  water-tube  boilers 
should  have  failed  to  be  as  good  as  hand  firing  with  hori- 
zontal tubular  boilers  and  quite  some  worse  than  hand- 
fired  water-tube  boilers  equipped  with  uutch-oven  fur- 
naces or  having  horizontal  baffling.  The  probable  rea- 
sons for  the  failure  are  brought  out  in  our  comment. 

One  cannot  read  the  report  without  again  being  re- 
minded that  plenty  of  available  cheap  fuel  is  sometimes 
an  evil  as  well  as  a  blessing  to  a  large  city,  for  as  long 
a.s  it  is  cheap,  gross  negligence  and  resulting  smoke  ac- 
company its  use. 

We  agree  with  the  report  that  for  the  coal  tised,  stok- 
ers should  be  placed  in  plants  of  three-hundred  horse- 
power and  over. 

AssocisitaoKa   EdliflcatnoKaaS  Woirlfe 

Again  the  season  is  here  when  engineering  organiza- 
tions begin  their  annual  educational  work.  As  much 
money,  time  and  energy  will  be  spent  for  tliis  ])urpose, 
the  results  should  equal  a  commensurate  return  on  the 
investment. 

No  matter  what  the  nature  of  tlie  work  may  be,  but 
particularly  if  the  season  opens  with  mathematics,  be 
sure  to  start  low  enough  so  that  the  lessons  are  not 
"above  the  heads"  of  most  of  the  members.  Those  in 
charge  of  educational  work  arc  usually  appointed  be- 
cause they  are  better  fitted  than  the  average  tncmber. 
For  this  very  reason,  they  must  be  cautious  that  tlicir 
methods  and  lessons  are  adapted  to  the  nuijority  of  the 
class;  the  natural  t^-ndency  is  to  make  tlie  lessons  too 
advanced. 

In  the  average  organization  of  power-jilant  men,  the 
greatest  good  comes  from  the  discussion  that  follows  a 
lecture.  Usually,  the  subject  is  so  broad  that  the  lec- 
turer can  touch  on  the  most  essential  points  only.  While 
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matters  of  detail  bearing  on  the  merits  of  different 
methods  of  doing  a  given  job  or  operating  a  certain 
machine  arc  most  often  brought  up  by  the  members, 
tliere  is  still  far  too  little  of  this  kind  of  discussion, 
and  it  is  the  very  best,  too. 

This  leads  to  that  most  delicate  of  problems  in  eon- 
ducting  engineering  educational  work,  namely,  overeoni- 
ing  timidity.  JIany  men  who  need  information  are  so 
timid  that  even  the  thought  of  getting  up  and  asking 
for  it  during  a  meeting  unnerves  them.  This  is  true 
also  of  many  who  are  equipped  to  give  information.  It 
reqtiires  tactful  and  persistent  effort  to  clear  the  meet- 
ing room  of  this  dread.  Where  timidity  is  the  cause  for 
lack  of  discussion,  the  use  of  a  question  box,  hung  in 
the  outer  hall,  where  a  man  may  drop  in  his  question 
unobserved,  will  do  lutxch  to  get  good  questions  before 
the  meeting. 

The  most  useful,  and  generally  the  least  used  acces- 
sory, is  the  blackboard.  When  a  memljer  gets  up  to  make 
explanations  which  would  be  clearer  if  illustrated  or 
worked  out  mathematically,  he  should  be  requested  to 
"put  it  on  the  blackboard."  If  this  occurs  frequently  in 
the  meeting,  it  will  not  be  long  before  the  members  will 
step  to  the  blackboard  without  being  requested. 


Often  a  father  says  that  his  boy  shall  have  a  trade  to 
fall  back  on  in  case  he  is  not  successful  at  something  else. 
This  implies  that  anyone  can  succeed  at  a  trade  who 
might  fail  as  a  professional  man  or  along  commercial 
lines. 

Such  an  implicatiwi  every  workman  should  resent.  A 
trade  should  be  a  stepping  stone  to  something  better  at 
which  there  is  still  further  chance  of  success.  Of  the 
successful  manufacturers,  the  larger  part  have  come  up 
from  a  trade.  To  them  a  trade  was  a  stepping  stone, 
not  a  thing  to  fall  back  on.  Learning  a  trade,  if  it  is 
learned  at  all,  is  a  life  job.  Learning  enough  to  hold  a 
job  at  a  living  wage  for  even  a  small  family  takes  time 
that  can  hardly  he  spared  by  anyone  who  intends  to  take 
up  a  profession.  "Better  put  all  your  eggs  in  one  basket, 
and  then  watch  the  basket." 

On  the  other  hand,  as  a  jjrcliminary  to  a  tcilmica'. 
course,  it  is  an  advantage  to  a  young  man  to  have  worked 
as  a  machinist,  if  he  is  to  be  a  mechanical  engineer,  in  a 
power  plant,  if  he  is  to  specialize  along  that  line,  or  in 
a  civil  engineer's  office,  if  that  is  the  direction  in  which 
he  is  headed.  He  will  get  a  clearer  idea  of  what  h(  is 
going  to  encounter,  and  what  he  will  need  to  know,  than 
he  can  by  going  to  school  first.  He  will  find  that  his  tech- 
nical course  will  divide  itself  into  two  ])arts,  things  which 
he  should  com)irehend  and  be  able  to  work  up  in  detail 
by  himself  later,  if  occasion  .should  demand,  and  things 
which  he  mu.st  make  his  own  to  use  as  working  tools 
every  day  of  his  professional  life.  In  the  first  he  can 
afford  a  few  low  marks,  in  the  second  he  cannot.  If  he 
has  had  enough  experience  to  discover  what  an  engineer 
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iu  his  line  uses  for  tools,  he  will  be  iu  a  position  to  get  his 
engineering  education  first,  keep  his  health  next,  and  get 
all  the  cultural  and  collateral  education  that  his  head  will 
carry  last. 

The  tools  of  the  engineer  he  will  find  in  all  branches  to 
consist  mostly  of  principles.  He  may  not  be  able  to  com- 
prehend principles  except  as  he  sees  concrete  illustra- 
tions of  them  around  him.  Educational  methods  are  be- 
ing more  and  more  centered  around  the  concrete  illus- 
tration, but  the  young  man  must  learn  to  think  in  the 
abstract,  to  divest  his  problems  of  all  but  the  bare  bones 
before  he  begins  their  analysis,  and  then  to  work  them 
out,  adding  to  them  the  concrete  surroundings,  which 
came  with  them. 

The  only  danger  to  a  man  who  uses  a  trade  as  a  step- 
ping stone  to  an  education  is  that  while  he  is  woikiug 
with  his  hands  his  brain  may  be  rusting.  Conventional 
educational  programs  are  built  around  an  ability  to  pass 
examinations,  which  are  not  education  at  all,  but  only  a 
sort  of  exhibition  of  mental  alertness.  The  fact  that  ex- 
aminations must  b'3  passed  and  that  they  must  be  led 
up  to  through  study  of  books,  is  something  that  he  must 
not  overlook,  and  something  that  will  lead  him  to  keep 
up  his  reading  evenings  even  when  he  comes  home  tired 
out  and  better  prepared  for  some  lighter  amusement. 


"WiscoBasairji  InlsiS  ^  M&nl'BT  (C©dl© 

The  State  of  Wisconsin  has  a  boiler  code,  which  is 
administered  under  the  Industrial  Commission  law  of 
1913,  one  section  of  which  expressly  authorizes  the  com- 
mission to  fLx  and  collect  fees  for  the  inspection  of  boilers, 
not  exceeding  $2  for  each  external  inspection,  and  $5  for 
each  internal  inspection,  per  annum,  and  to  collect  fees 
for  the  inspection  of  elevators,  not  exceeding  $2  semi- 
annually for  inspection.  The  commission  may  accept  in- 
spections of  boilers  and  elevators  by  qualified  inspectors 
of  insurance  companies,  where  such  boilers  or  elevators 
are  insured,  in  which  case  no  fee  shall  be  charged.  The 
commission  may  also  accept  inspections  by  qualified  in- 
spectors of  boilers  or  elevators  in  cities  of  the  first,  second 
and  third  classes,  in  which  case  the  city  may  collect  and 
retain  such  fee  for  inspection  as  may  be  fixed  by  the 
commission  for  its  own  inspection. 

The  code  which  has  just  been  issued  by  the  Industrial 
Commission  saw  its  first  practical  beginning  in  a  con- 
ference of  boiler  maufacturers,  insurance  representatives, 
municipal  inspectors,  and  representatives  of  boiler-using 
interests,  held  at  the  instance  of  the  Industrial  Commis- 
sion of  Wisconsin  in  the  Chicago  City  Hall  on  Janu- 
ary 5,  1912.  The  object  of  the  meeting  was  to  discuss  the 
formation  of  a  standard  code  of  rules  for  the  building 
and  operation  of  boilers,  together  with  a  means  of  boiler 
inspection  which  should  be  acceptable  to  the  commission 
and  to  all  concerned.  The  result  of  the  conference  was 
the  appointment  by  the  commission  of  an  advisory  board 
of  boiler  rules  with  power  to  formulate  and  recommend  a 
code  of  boiler  rules  for  Wisconsin.  The  first  result  of 
the  labor  of  the  board  was  the  publication  of  tentative 
boiler  rules,  on  which  a  public  hearing  was  held  on  Octo- 
ber 30  of  last  year.  The  rules  as  now  issued,  and  which 
appear  upon  a  cursory  examination  to  follow  very  closely 
those  of  Massachusetts  and  Ohio,  are  the  result  of  that 
discussion.     The  Industrial   Commission  law  contains  a 


section  authorizing  it  to  investigate,  ascertain  and  deter- 
mine such  reasonable  classifications  of  persons,  employ- 
ments, places  of  employment  and  public  building.s,  as 
may  be  necessary  to  carry  out  the  purposes  of  the  act, 
anrl  it  would  seem  that  under  this  provision  the  examin- 
ation and  licensing  of  those  engaged  in  the  operation  of 
power-producing  apparatus  might  be  brought  about. 

QeMliag  Omt  off  tlhe  Rtiat 

In  engineering,  as  in  dthcr  fields  generally,  there  is 
inertia  with  regard  to  trying  new  things.  The  tendency 
is  to  "do  as  we  did  before,"  rather  than  experiment. 

Modern  practice,  to  a  largo  extent,  must  be  based  upon 
past  experience,  but  experience  is  responsible  for  a  great 
deal   of  "mind  laziness." 

Engineers  sometimes  get  ideas  fixed  in  their  minds 
which  are  detrimental  to  progress  in  designing  for  greater 
efficiency. 

Rather  than  acknowledge  that  a  certain  thing  would 
require  thinking  about,  and  probably  a  little  ingenuity 
and  calculation,  which  he  is  loath  to  give  it,  an  engineer 
will  discuss  it  with  the  remark,  "What  did  we  do  before 
under  similar  circumstances?"  or  "It  worked  so  well  be- 
fore, why  shouldn't  it  do  so  again."  All  argument  as  to 
efficiency  in  such  instances  usually  has  the  eifect  of  leav- 
ing a  bad  impression  in  the  mind  of  the  engineer  with 
regard  to  the  other  party  in  the  discussion.  The  engineer 
has  a  good  dieal  at  his  back  when  he  has  it  done  as  be- 
fore, but  it  is  scarcely  acting  up  to  his  position  as  engi- 
neer to  be  only  a  copier. 

He  takes  no  chances  and  is  perfectly  safe  in  what  he 
does,  nevertheless,  unknown  to  himself,  he  does  harm  in 
stunting  the  growth  of  the  mind  and  initiative  in  his 
subordinates. 

After  a  few  experiences  of  the  kind,  the  subordinate 
thinks,  "Well,  I  could  improve  on  that,  but  what's  the 
good."  If  he  actually  works  his  idea  out,  it  rarely  sees 
daylight  in  constructed  form,  and  if  it  does  it  is  general- 
ly to  the  credit  of  the  engineer.  The  future  of  engineer- 
ing depends  less  upon  past  experience  than  upon  men 
who  have  the  strength  of  mind  to  think  along  different 
channels  and  get  out  of  the  old  ruts.  It  is  easy  traveling 
along  the  well  worn  ruts,  and  it  takes  courage  to  quit 
them,  but  it  pays  to  be  progressive  even  at  the  expense 
of  inconvenience.  If  it  doesn't  always  take  the  engineer 
to  the  goal  he  is  after,  it  develops  his  character  and  abil- 
ity at  any  rate. 

Discussion  of  fresh  ideas  does  not  always  mean  dis- 
carding old  ones  ,in  fact,  it  often  brings  out  and  empha- 
sizes good  points  in  them.  It  is,  however,  necessary  to 
progress  of  any  kind  and  a  half  an  hour's  discussion, 
even  if  it  leads  nowhere,  broadens  the  minds  of  those  par- 
ticipating in  it  and  hence  is  not  by  any  means  wasted 
time. 

So  it  behooves  engineers  in  general  to  be  very  chary  in 
the  use  of  the  expression,  "T^Tiat  did  we  do  before,"  as 
such  an  expression  generally  vetos  all  discussion. 


At  the  time  of  going  to  press  the  convention  of  the 
American  Boiler  Manufacturers'  Association  is  still  in 
session,  so  that  we  are  compelled  to  withhold  the  report 
of  the  interesting  discussions  on  uniform  boiler  specifi- 
cations until  next  week. 
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During  the  past  three  years,  I  have  operated  underfeed 
stokers  in  a  manufacturing  plant.  Therefore,  I  was  much 
interested  in  J.  C.  Hawkins'  article  in  the  July  21  issue. 

It  was  necessary  during  two  of  the  three  years  that  we 
carry  at  least  200  per  cent,  rating  on  the  boilers  contin- 
uously; also  as  our  coal  was  being  purchased  from  sev- 
eral dealers,  we  could  not  count  on  a  uniform  grade.  The 
first  few  months  we  experienced  troubles  similar  to  those 
described  by  Mr.  Hawkins.  At  first,  we  were  inclined  to 
condemn  the  stoker,  but  then  it  occurred  to  us  that  if 
it  was  an  inherent  weakness,  this  type  could  not  have  been 
adopted  as  standard  by  practically  all  large  power  plants. 
We  first  studied  the  design.  It  is  quite  evident  that 
the  stoker  is  to  feed  the  coal  in  from  the  front  and,  as  it 
burns,  to  slowly  move  it  backward  and  downward  toward 
the  dump  plates;  to  have  it  burned  out  to  ash  when  it 
is  deposited  on  the  dump  plates,  and  then  periodically 
dump  the  ash  and  refuse. 

Starting  with  no  prejudices  and  forgetting  our  past 
experience,  we  failed  to  find  any  reason  why  the  stoker 
could  not  be  operated  in  this  manner,  thereby  making  all 
barring  of  the  fire  unnecessary.  The  problem  then  was 
to  actually  do  it. 

We  soon  found  that  our  trouble  had  been  due  to  our 
own  ignorance.  After  making  a  careful  study  of  the 
equipment  and  the  necessary  adjustments,  we  have  elim- 
inated all  trouble.  At  one  time  a  clinker  was  formed 
extending  from  one  furnace  wall  to  the  other.  This  oc- 
curred only  once  and  was  caused  by  careless  operation. 
Naturally,  the  first  observations  were  made  when  clean- 
ing the  fire.  By  carefully  watching  the  conditions  and 
observing  the  clinker  formation  on  the  dump  plates,  and 
also  extending  beyond  the  dump  plates  up  into  the 
fire,  it  was  believed  that  the  clinker  extending  from  wall 
to  wall  had  been  formed  from  the  dump  plates  up  and  not 
ly  building  from  one  wall  to  the  opposite  wall.  All  sub- 
fiequent  observations  have  further  proved  this  fact. 

After  cleaning  the  fire,  the  fuel  bed  moves  forward 
•until  the  dump  plates  are  covered,  and  the  ash  and  refuse 
naturally  forms  into  a  clinker  which  lies  directly  on  the 
dump  plates.  When  this  clinker  becomes  a  certain  thick- 
ness, it  then  begins  to  form  back  into  the  stoker  proper, 
and  if  continued  a  sufficient  length  of  time,  the  unburned 
fuel  is  deposited  on  top.  Tliis  clinker  prevents  the  air 
from  penetrating  through  the  fuel  bed,  and  therefore  the 
coal  and  coke  on  the  clinker  is  not  burned  satisfactorily. 
This  condition  is  temporarily  overcome  by  stirring  the 
fires  with  bars.  As  this  remedy  is  only  temporary,  the 
use  of  bars  again  become  necessary.  Constant  barring  soon 
builds  a  thick  clinker  a  considerable  distance  up  into  the 
atoker,  extending  from  wall  to  wall.  In  addition,  the 
barring  tends  to  make  smoke  and  to  throw  cinders.  The 
remedy  is  quite  obvious  and  simple:  Clean  the  fire  at 
shorter  intervals,  so  that  a  clinker  can  form  a  short  dis- 
tance only  above  the  dump  plates. 


The  cycle  of  events  is  about  as  follows:  Clean  the  fire 
by  dropping  the  dump  plates  (not  by  barring  the  fire), 
then  for  a  short  period  use  a  longer,  lower  ram  stroke, 
thereby  quickly  pushing  the  short  i>rojection  of  clinker 
which  remains  above  the  dump  plates  on  the  dump  plates. 
Then  run  under  normal  stroke  conditions  until  the  next 
cleaning  period,  that  being  when  the  clinker  lying  on  the 
dump  plate  extends  a  short  distance  only  beyond  the 
plate. 

By  careful  observations  for  a  few  days,  these  cleaning 
periods  can  be  definitely  fixed  and  the  work  will  be  easily 
and  quickly  accomplished.  The  only  use  for  a  bar  is  to 
break  off  any  part  which  may  stick  to  the  bridge  wall ; 
which  is  infrequent.  Bars  are  unnecessary  except  to  clean 
the  side  walls  once  in  twenty-four  hours,  and  their  use  for 
ether  purposes  leads  to  worse  clinker  troubles. 

The  formation  of  side-wall  clinker  is  also  materially  de- 
creased by  operating  in  this  manner,  douljtless  due  to  a 
freer  motion  of  the  fuel  bed  toward  the  rear  of  the  stoker. 
If  the  dumping  periods  are  fixed  correctly  and  the  right 
proportion  of  air  and  coals  used  (which  is  readily  deter- 
mined), there  should  be  no  smoke  when  cleaning  the 
fires. 

The  results  oljtained  by  this  method  of  operation  have 
been  most  gratifying  and  have  shown  a  marked  increase 
in  evaporation  per  pound  of  coal ;  furthermore,  this  is 
being  done  with  scarcely  any  hard  manual  labor.  Any 
trouble  from  clinkering  on  the  tuyeres  is  due  to  faulty  op- 
eration because,  properly  operated,  there  can  be  no  con- 
dition to  cause  clinkers  other,  than  a  slight  burning  of 
refuse,  which  is  in  no  way  objectionable ;  as  a  matter  of 
fact,  it  forms  a  protection  against  burning  a  tuyere. 

Small  handhole  openings  are  provided  in  the  wind  box 
for  inspection  and  any  small  quantities  of  coal  which 
might  sift  in  can  be  readily  cleaned  out  through  these 
openings.  The  condition  of  the  interior  of  the  stoker 
also  can  be  determined  by  periodical  inspections.  A  large 
quantity  of  sifting  indicates  at  once  that  something  is 
probaldy  burned  in  the  stoker ;  it  is  not  necessary  to  burn 
out  the  fire  to  determine  if  the  interior  of  the  stoker  re- 
quired repairs. 

No  trouble  has  even  been  experienced  in  carrying 
banked  fires  for  a  wtH;k.  The  method  pursued  is  as  fol- 
lows: The  fire  is  not  cleaned  previous  to  banking.  When 
banking,  the  air  is  shut  off  and  one  ho])])er  full  of  coal 
is  fed  in.  The  boiler  damper  is  then  closed  a.s  tightly  as 
jiossible;  boiler  dam])ers  never  fit  absolutely  tight  and  the 
leak  around  the  dam])er  will  carry  out  any  gases  formed 
during  the  banked  period.  One  hopper  of  coal  is  usually 
sufficient  to  maintain  a  banked  fire  from  thirty-six  to 
forty  hours,  thereafter,  a  little  coal  is  fed  in  from  time  to 
time.  The  ash  is  also  dumped  during  the  banked  period. 
In  starting  up  from  the  i)anked  fire,  the  stoker  is  first 
dumped  and  then  started,  using  the  long  stroke  of  the 
ram  for  several  revolutions,  before  any  coal  is  fed  in  the 
hopper,  the  hopper  having  been  left  empty  at  the  tim' 
of  l)anking. 
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As  the  load  varies  througli  wide  limits,  it  is  necessary 
to  have  a  wide  rajige  of  operation  in  the  regulating  mech- 
anism. This  range  is  cut  down  to  as  narrow  limits  as  pos- 
sible, the  high  speed  being  controlled  by  the  governor  and 
the  low  and  intermediate  speeds  by  the  regulating  valve. 
After  settling  on  the  correct  time  between  cleaning,  the 
result  is  that  the  fires  are  always  cleaJi  and  free  from  ex- 
cessive ash  and  clinker.  This  has  apparently  brought  the 
necessary  limits  of  speed  closer  together  and  considerable 
less  air  pressure  is  now  needed  to  carry  the  same  loa<l  on 
the  boilers. 

There  has  never  been  any  objection  to  cinders  issuing 
from  the  stack.  The  cinders  collected  behind  the  bridge- 
wall,  however,  have  been  materially  decreased  by  narrow- 
ing the  fluctuations  in  speed  and  by  maintaining  as  low 
natural  draft  over  the  fire  as  possible  without  blowing  fire 
and  gases  out  of  the  furnace  doors.  Cinders  from  the 
stack  in  sufficient  quantity  to  be  objec'tionable  are  no 
doubt  due  to  large  amounts  of  ash  in  the  fuel  bed  (caused 
by  too  infrequent  cleaning),  making  high  air  pressure 
necessary  to  bum  out  the  coal. 

In  operating  any  automatic  stoker  it  must  be  borne  in 
mind  that  the  es.<ential  idea  is  its  automatic  design,  and 
that  the  application  of  hand-fired  principles  is  not  a  rem- 
edy for  conditions  due  to  improper  operation. 

Stanley  0.  Large. 

Philadelphia,  Penn. 

The  accompanying  ]jhotographs  were  taken  of  an  aiv 
lamp  of  the  multiple  1 10-volt  type,  the  lamp  being  placed 
in  a  room  with  all  other  lights  out.  The  operator  then 
placed  the  camera  in  position  against  his  chest  and  swung 
it  rapidly  in  a  horizontal  plane  with  the  shutter  open. 
The  relative  intensity  of  tJie  arc  was  so  great  as  to  render 
the  image  very  sharp. 

The  upper  photograph  shows  clearly  the  alternations 
of  the  alternating-current  arc,  the  zero  points  of  the  cur- 
rent being  represented  by  the  breaks  in  the  strokes.  The 
peak  is  also  shown  at  the  center  of  each,  wdth  the  ends 
gradually  tapered.  Eiuh  of  the  light  strokes  represents 
;i  complete  alternation   (two  represent  a  complete  cvcle ) 


.VLTEI;XATIX(i    AXii    DiUKiT    CniRKXT    A 

Photographic  Plate 

and   the   photograph  shows   six  cycles. 

The  time  required  to  photograph  the  12  alternations 
may  be  easily  figured.  The  circuit  was  00  cycle  and  six 
cycles  are  shown,  hence  the  time  required  must  liave 
been   ^i^  sec. 

The  lower  view  is  of  the  same  arc  lamp  supplied  with 
direct  current.  A  continuous  streak  of  light  is  here 
shown,  as  would  be  expected,  the  greater  width  being 
due  to  a  longer  arc. 

J.  B.  Linker. 

Charlotte.  X.  C. 


The  illustrations  show  the  condition  of  a  corrugated 
furnace  taken  from  a  Scotch  marine  boiler  in  the  power 
plant  of  the  Utah  Fuel  Co..  Castle  Gate,  Utah.  After 
l)l()wing  down,  the  fireman  forgot  to  close  the  blowoif 
valve.     AVlion    next   observed,   the  boiler  was  practically 


Fl'IiXACK   AFTEl;    K'K.MOVAL 

dry  and  only  the  arrival  of  the  chief  prevented  the  in- 
troduction of  cold  water  into  it.  They  closed  the  valve 
in  the  steam  takeoff  to  the  main  header  and  pulled  the 
fire.  When  the  flue  was  removed  it  was  found  to  have  a 
huge  wrinkle  the  full  length  as  shown  but  not  a  crack 
could  be  found  in  the  metal. 

Ransom  S.  Hawley. 
Ludington.  IMiih. 

Oil  S©SiIfeedl   C©nls 

A  short  time  ago,  I  was  called  upon  to  dry  out  the 
electrical  machinery  in  a.  small  hydroelectric  plant  of 
37.5  kv.-a.  capacity.  The  alternators  were  three-phase, 
5-i(i(»-v()]t,  60-cycle  machines  one  150  kv.-a.,  and  one  225 
k\.-rt.  This  plant  is  protected  against  high  water  by 
a  high  concrete  wall  and  a  large  sump  pump.  The  river 
rose  very  rapidly  on  this  occasion,  and  the  water  came 
over  the  wall,  filling  the  power  house  slowly  to  a  point 
just  above  the  bearings  of  the  150-kv.-a.  machine,  but 
not  high  enough  on  the  other  generator  to  float  the  oil 
out  of  the  bearings.  The  lower  coils  ot  the  smaller  unit 
were  soaked,  and  as  there  was  no  current  through  the 
building,  the  oil  from  this  machine  fioatcd  around  it 
while  the  water  receded. 

On  account  of  other  damage  to  the  plant,  it  was  im- 
possible to  start  drying  out  for  five  days  after  the  flood- 
ing. The  generators  were  then  dried  in  the  usual  man- 
ner, by  short-circuiting  the  armature  leads  and  passing 
a  heavy  low-voltage  current  through  the  winding.  There 
was  no  means  at  hand  for  testing  the  insulation  resist- 
ance, and  at  the  end  of  eight  days  the  larger  "nit  was 
put  in  service.     It  has  given  no  trouble.     The  other  ma- 
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chine  was  kept  on  short-circuit  run  for  tiiree  week?:,  and 
then  put  on  the  line,  two  coils  burning  out  after  14 
hours'  running.  On  taking  the  damaged  coils  out,  the)- 
were  found  to  be  still  very  wet,  so  the  machine  was  again 
short-circuited  and  run  for  another  we^k.  It  was  then 
put  on  the  line  again  and  one  coil  burned  out  after  a 
twelve-hour  run.  Upon  investigating,  we  found  that 
all  the  coils  in  this  machine  that  were  submerged  were 
wet,  and  that  the  outside  layers  of  taping  were  thorough- 
ly impregnated  with  the  oil  from  the  bearings,  making 
it  impossible  to  drive  out  the  water  which  was  in  the 
inner  wi-appings.  The  wet  coils  were  then  taken  out, 
the  old  tape  removed  and  the  coils  dried  by  baking.  On 
retaping  and  replacing  the  coils  in  the  generator,  the 
trouble  disappeared.  The  lesson  to  be  learned  from  this 
experience  is.  to  take  the  oil  out  of  the  bearings  before 
leaving  the  machines. 


Bagby,  Calif. 


D.    D.    Sj[ ALLEY. 


Calculating  the  strength  of  diagonal  boiler  joints  ac- 
curately is  rather  difheult,  unless  one  is  familiar  with 
trigonometry.  It  is  fortunate,  however,  that  for  the 
angularity  of  such  seams  with  the  length  of  the  boiler 


that  the  distance  from  B  to  C  was  2-3  in.  and  B  to  .-1 
was  20  in. ;  then 

n..52  X  II  or  0.05 
would  rt'present   the  strength  along  BC  as  compared  with 
the  strength  of  the  solid  plate  along  aiiv  horizontal  line, 
as  BA. 

The  reason  an  inaccuracy  results  in  calculating  joints 
of  greater  angularity  is  that,  as  they  approach  the  ver- 
tical position,  the  eifect  of  the  longitudinal  stress  (which 
affects  the  girth  seams  of  a  boiler)  comes  into  play.  In 
the  above  calculation,  no  account  is  taken  of  the  stress 
lengthwise. 

In  order  to  avoid  mathematical  formula,  a  grapliical 
method  for  determining  the  strength  of  diagonal  seams 
where  angle  x  is  over  45  deg.  will  be  given  (Rule  2), 
which  can,  of  course,  be  used  for  joints  of  any  angle,  if 
the  method  already  given  is  not  sufficiently  accurate. 
If  the  strength  of  a  seam  AC,  Fig.  2,  is  desired,  first 
figure  the  efficiency  of  the  seam  along  AC  in  the  usual 
manner;  then  draw  line  BC  parallel  with  the  a.xis  of 
the  boiler  and  measure  the  lengths  of  lines  .IB,  AC  and 
BC.  It  does  not  matter  just  what  length  is  chosen  for 
AB,  but  it  should  be  long  enough  to  make  accurate  meas- 
urements passible,  say.  18  to  24  in.  When  this  has  been 
done,  reproduce  triangle  .I7)'C'    (on  a   drawing  board  or 


other    place 
Fig.  3. 
Through  . 


where    lines    can    be 


t//   slunil 


ccurately    made),   as 
drawn    perpendicidar 


as  usually  found,  a  close  a|)pr().\imation  to  the  true  value 
crfn  be  obtained  in  a  simple  manner.  In  order  to  avoid 
confusion,  it  should  be  understood  that  the  efficiency 
of  a  joint  should  be  considered  the  same  whatever  its 
position,  for  it  should  e.xpress  its  .strength  as  compared 
with  that  of  the  solid  plate,  and  this  ratio  docs  not 
change,  no  matter  what  its  jMsition  on  the  boiler  shell. 

If  a  boiler  has  a  pat<^-h  with  a  diagomil  seam,  as  shown 
in  Fig.  1.  the  question  to  be  determined  is  not  the  effi- 
ciency of  the  seam  BC ,  but  the  relative  strength  of  this 
Beam  to  resist  internal  pressure  as  com))ared  wilh  the 
solid  sheet  along  a  line  parallel  with  its  length.  In 
all  eases  wliere  angle  t  is  not  over  45  deg.,  this  relative 
strength  of  the  diagonal  seam  and  that  of  the  solid  plate 
along  a  longitudinal  line  can  be  determined,  with  a  max- 
imum error  of  about  3  per  cent.,  which  occurs  when  the 
angle  .r  is  15  deg.;  at  30  deg..  the  error  is  only  ^  of  1 
per  cent.  This  method  (ihile  1)  consists  of  finding  its 
efficiency  in  the  usual  manner  and  multiplying  it  Ijy  the 
result  found  by  dividing  length  BC  by  length  BA.  'j'hus, 
if  the  efficiency  of  seam  BC  was  52  per  cent.,  and  the 
angle  of  the  seam  to  the  length  of  the  boiler  was  such 


•See  also   "PatchlriK   BoIlcrH,"    Auk. 
and  this  Issue,  page  365. 


•ih.    paKi'S    276   and    28(1 


Fig.  2  ani>  3.  Rulk  2. 

to  line  AC,  and  line  M>  should  lie  drawn  parallel  to  thi? 
axis  of  the  boiler  an<I  .1/i  as  a  continuation  of  the  line 
re])resenting  the  girth  seam  of  the  boiler.  Now.  divid- 
ing AB  by  J. If,  a  certain  result  is  obtained.  This  should 
be  laid  off  as  a  distance  from  .1  to  E,  using  any  conven- 
ient scale,  similarly  dividing  BC  by  .\C ,  another  result 
is  obtained,  which  should  be  laid  off  as  AD.  to  the  samc' 
scale  as  used  in  laying  off  AK. 

From  D  and  K,  jierpendiculars  should  be  dropped  on 
line  .4/7  as  shown,  and  the  distance  from  ,1  to  E  should 
be  laid  off  beyond  (i  as  (111 .  Now,  Ihe  distance  from  A 
to  ]J  re))resents  a  value  (when  estimated  by  the  same 
scale  as  used  in  laying  off  .\E  and  .!/>).  By  divi<ling 
the  efficiency  of  tJie  seam  along  .-IC  by  this  value,  the 
result  will  be  the  relation  between  the  strength  of  the 
solid  plate  along  the  length  of  the  boiler  and  the  strength 
of  the  .seam  along  .fC  when  the  boiler  is  subjected  to 
infernal  pressure. 

The  above  e\|iliiiiati(Ui  sounds  complicated,  but  a 
numerical    exaniplr    will    show    that   it   is   not    really   so. 
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10  in.  and  AB  =  1T,3  in.; 


=  0.433 


10       ^  . 
20  =  ^-^ 


0.762  per  cent. 


Assume  AC  =  20  in..  BC 
then 

AB  ^  17.3 
2  AC"    40 

01..1  this  would  represent  the  distance  AE,  which  is  laid 
off  in  inches  on  a  scale  of  4  in.  equals  1  in  the  figure. 
BC 
AC 

which  is  laid  off  as  AD  to  the  same  scale  of  4  in.  equals 
1.  Xow  it  is  a  simple  matter  to  drop  the  perpendiculars 
EF  and  DG  on  line  AH,  and  by  adding  the  distance  AF 
to  AG,  we  have  0.6.36  as  the  length  of  AH  measured  by 
the  same  scale  of  4  to  1.  If  the  joint  along  .40  had  an 
efficiency  of  50  per  cent.,  its  strength  with  respect  to  that 
of  the  solid  plate  along  AD  would  be 
0.50 
U.656 

This  means  that  the  strength  of  the  boiler  along  the 
seam  AC  is  the  same  as  if  this  seam  was  longitudinal 
and  had  an  efficiency  of  T6.2  per  cent.  These  seams  have 
been  figured  as  if  tliey  were  located  on  a  plain  cylinder, 
and  the  internal  pressure  was  free  to  produce  a  stress 
lengthwise  as  well  as  girthwise  of  the  boiler.  In  the  case 
of  the  horizontal  return-tubular  boiler  this  is  not  true, 
since  the  tubes  and  through  braces  support  the  heads  and 
relieve  the  shell  of  a  very  considerable  portion  of  the  load, 
due  to  the  pressure  on  the  ends  of  the  boiler. 

It  will  be  seen  that  the  method  here  described  for  ob- 
taining the  strength  of  diagonal  boiler  joints  is  merely 
resolving  the  longitudinal  and  girthwise  stresses  to  ob- 
tain their  components  at  right  angles  to  the  direction  of 
the  joint;  that  the  reason  for  dividing  AB  by  2AC  is 
because  the  longitudinal  stress  is  one-half  that  girthwise 
of  the  shell. 

J.  E.  Tkrjiax. 

Hartford.  Conn. 

Aslh°BiIainidMirag  Sg^steinm 

The  articles*  relative  to  suction  ash-handling  equip- 
ment were  read  with  interest,  as  at  the  plant  under  my 
supervision  an  ash-handling  plant  of  the  suction  type 
was  installed  about  four  years  ago. 

Seven  cents  a  ton,  the  figure  quoted  in  the  issue  of 
July  7,  seems  so  low  that  it  must  cover  only  part  of  the 
removal  costs  per  ton  of  ash,  as  it  is  less  than  half  what 
our  removal  power  costs  us — 14.6c.  per  ton,  and  the 
power  costs  Ic.  per  kw-hr. 

The  original  specification  for  this  equipment  called  for 
20  tons  per  hour,  but  on  test  it  only  handled  about  K) 
net  tf)ns.  Under  everyday  use.  Si/o  to  3  tons  is  about 
the  limit. 

The  piping  has  been  renewed  t^vice  in  four  years,  and 
the  depreciation  on  this  end  of  the  system  is  50  per 
cent.  The  wearing  backs  in  the  elbows  last  from  three 
to  fcir  months;  no  repairs  lia~e  been  made  to  the  tank, 
but  it  has  been  painted  twice. 

In  the  boiler  plant  are  four  450-hp.  and  six  3?5-hp. 
irater-tube  boilers.  The  amount  of  ash  handled  per  year 
is  2500  tons 

The  average  yearly  charges  are  36,500  kw.,  at  Ic.  per 

•April    7,    July   7,    1914. 


kw.,  $365,  which  divided  by  2500  tons  makes  a  power 
cost  of  14.6c.  per  ton.  Labor  for  the  year  is  $1186, 
which  divided  by  3500  tons  makes  the  labor  cost  47.44c. 
per  ton.  The  average  cost  per  year  for  repairs  for  the 
four  years  was  $1106,  which  divided  by  2500  tons  makes 
the  repair  cost  44.24c.  per  ton.  The  interest  charge  on 
the  original  investment,  $7800,  at  6  per  cent.,  is  $468, 
which  divided  by  2500  tons  makes  the  interest  18.72c. 
per  ton. 

Taking  the  per-ton  costs,  we  have,  power,  $0,146;  la- 
bor, $0.4744;  repairs,  $0.4424;  interest,  $0.1872,  mak- 
ing $1.25  the  total  cost  per  ion  of  ashes  removed.  A 
frkip  and  hoist  could  remove  .ish'S  for  a  iimch  lower  figure. 

Ai.i:-\ A N :)i:i{  Au.vois. 

Philadelphia,  Penn. 

Edward  T.  Binns  described  on  page  106,  July  21,  a 
packing  for  a  worn  rod.  The  way  I  pack  worn  pump  cyl- 
inders can  also  be  used  in  packing  a  worn  rod.  Use  hard 
brass  spring  rings  about  -^  in.  thick  and  about  two-thirds 
the  width  of  the  packing  rings.  Cut  the  packing  the  prop- 
er length,  place  the  brass  ring  over  the  packing,  and  in- 
sert   both    into    the   stuffing-box.      When    in    place,    the 

Soft  Packing  E"'^f^  '^•']9^ 


FiG.i  Fiea 

P.iCKixG  AND  Brass  Rings  in  Position 

packing  should  be  as  shown  in  Fig.  1 ;  Fig.  2  is  an  end 
view. 

It  will  be  found  that  the  packing  will  conform  to  the 
different  diameters  of  the  worn  rod  without  excessive 
friction,  as  the  brass  rings  will  yield  as  the  rod  passes 
through  the  stuffing-box.  I  have  described  this  same 
design,  reversed  in  position,  to  be  used  on  plungers  of  in- 
side-packed pumps. 

James  E.  Noble. 

Toronto,  Ont.,  Can. 


Stisr^iE&^  iE&  Disclhair^e  Pipes 

In  reply  to  J.  F.  Hurst  on  the  above  subject  on  page 
30,  July  7,  I  would  suggest  that  he  place  an  air  vent  at 
the  highest  point  of  the  delivery  pipe,  and  ascertain  the 
number  of  revolutions  required  to  deliver  the  water  to 
its  destination.  If  the  pumps  are  engine  driven,  set  a 
speed  enough  higher  to  allow  the  required  speed  when 
the  pump  is  doing  its  maximum  work  at  full  load. 

The  pump  should  also  be  fitted  with  a  gate  valve  on 
the  outlet  side  and  this  valve  regulated  to  suit  the  amount 
of  water  to  be  passed,  it  being  borne  in  mind  that  the 
power  used  by  a  centrifugal  pump  varies  with  the  weight 
of  water  passing  through  it. 

E.  E.  Peaece. 

Eochdale,  England. 
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Ana  Eini<t©5P®stHEag 

Tlie  cylinder  explosion  describeil  by  ]M.  C.  Maynard, 
on  page  518,  Aug.  11,  is  interesting,  but  not  entirely 
surprising. 

It  is  unreasonable  to  expect  a  crippled  engine  to  do 
as  much  work  as  when  in  good  condition.  The  explosion 
would  not  have  occurred  had  the  engine  been  slowed  down 
to  at  least  half  speed  after  the  intermediate  valve  was 
broken ;  but  as  the  engine  was  run  at  full  speed  on  two 
cylinders,  with  the  torque  very  uneven,  there  is  little 
wonder  that  the  part  of  the  piston  resting  on  the  shoulder 
of  the  rod  gave  way  and  fell  on  the  cylinder  head,  caus- 
ing it  to  break  away  and  destroy  the  entire  cylinder. 
Engines  have  been  run  with  one  cylinder  cut  out,  but 
they  were  run  at  a  moderate  speed. 

Marine  engines  are  subject  to  great  shocks  due  to  the 
pitching  of  the  ship  and  counter-currents;  and  for  this 
reason  a  great  many  things  which  can  be   done  safely 
■with  a  stationary  cannot  be  done  with  a  marine  engine. 
Samuel  L.  Eobixso.v. 

U.  S.  S.  "Connecticut." 


As  the  intermediate  cylinder  was  out  of  service,  more 
■work  was  thrown  on  the  high-  and  low-pressure  cylinders, 
which  caused  a  larger  demand  for  steam  and  lifted  the 
water  in  the  boilers.  That  fact  is  clearly  proved  by  the 
groaning  noise  in  the  cylinder,  for  water  will  cause  that, 
as  I  have  experienced  many  times;  and  Mr.  Maynard 
may  rest  assured  that  the  accident  occurred  when  the 
water  in  the  boilers  was  high,  and  the  result  was  a  large 
dose  of  water  entering  the  cylinder,  probably  accelerated 
by  the  ship's  pitching. 

Felix  Helsmoortel. 

Saugerties,  N.  Y. 


The  accident  described  on  p.  218,  Aug.  11,  was  prob- 
ably caused  by  the  explosion  of  the  piston  from  an  ac- 
cumulation of  water.  It  may  have  been  a  poor  casting, 
with  slag  in  the  iron,  and  when  condensation  would  take 
place  in  the  cylinder  the  water  leaked  into  tlie  hollow 
core  of  the  piston  and  was  held  there  by  the  foundry 
sand  left  inside  acting  as  a  chock  valve.  When  the  cyl- 
inder warmed  up,  the  water  became  steam  which  exploded 
the  piston  near  the  top  of  the  cylinder,  at  the  point  of  cut- 
off. Tliis  may  hasve  been  the  cause  of  the  cylinder  head 
dropping  out  and  the  cylinder  bursting.  The  noise  prob- 
ably was  the  water  boiling  in  the  ]iiston. 

William  Redeord. 

Jersey  City,  N.  J. 

H.  B.  Boydon's  article  on  ])age  60,  July  11,  brings 
to  mind  an  experience  of  nine  years  ago. 

The  engine  was  an  18x3Gx3()-in.,  cross-compound 
condensing  corliss,  running  at  120  r.p.m.  One  afternoon 
the  crank  end  key  on  the  high-pressure  side  became  loose 
and  was  thrown  out,  allowing  the  piston  to  strike  the 
cylinder  head,  'j'lie  engine  was  shut  down  and  exam- 
ined, but  no  damage  could  be  discovered,  so  it  was  put 
in  service  again  next  morning.  After  having  lieen  in 
operation  about  two  liours,  it  was  noticed  tliat  steam  was 
escaping  from  lieneath  the  higli-i)rcssure  cylinder.  It 
was  again  shut  down  and  the  lagging  removed,  when  a 
crack  was  discovered  extending  in  from  the  head  at 
the  crank  end  of  the  cylinder,  down  under  and  around 
to  the  head  again.     Two  1-in.  bolts  were  run  from  liead 


to  head  and  drawn  up  tight,  but  they  did  but  little  good, 
^^'e  could  not  obtain  another  cylinder  for  six  weeks,  so 
it  was  decided  to  repair  the  broken  one. 

The  cylinder  was  disconnected  from  the  frame  and 
with  a  portable  boring  bar  it  was  bored  out  half-inch 
larger  and  six  inches  beyond  the  crack.  The  crack  was 
then  made  steam  tight  with  iron  cement.  A  cast-iron 
bushing  cast  and  turned  up  to  the  proper  size  in  a  local 
machine  shop  was  forced  into  the  place  prepared  for  it. 
A  light  cut  was  then  taken  through  the  cvlinder,  after 


Position'  of  the  Bushing. 

which  it  was  replaced  and  put  in  service,  and  I  believe 
it  is  still  in  use.  The  entire  repair  cost  less  than  $50. 
while  a  new  cylinder  would  have  cost  about  $1550. 

I  have  since  had  an  engine  that  developed  a  leak 
through  the  lagging  of  the  cylinder,  and  upon  e.xamina- 
lion  a  similar  crack  was  found.  When  the  cylinder  was 
opened  I  discovered  a  bushing  similar  to  the  one  de- 
scribed, but  I  presume  the  break  was  not  made  steam 
tight  before  the  bushing  was  put  in  and  the  steam  worked 
around  it. 

Louis  B.  Carl. 

Marshfield.  Wis. 


After  reading  C.  J.  Hawkins'  inquiry  on  page  25,  July 
7,  I  looked  up  the  rule  in  Mason's  "Arithmetic  of  the 
Steam  Boiler,"  which  is  as  follows,  init  I  have  some 
doubts  in  regard  to  it. 

Taking  the  efficiency  of  the  joint  as  though  it  were  a 
longitudinal  joint,  then  "multiply  the  length  of  the  seam 
in  inches  by  the  efficiency  of  the  joint  and  divide  by  the 
length  in  inches  measured  along  a  line  parallel  to  the  axis 
of  the  cylinder." 

This  is  equal  to  the  secant  of  the  angle  times  the  effi- 
ciency of  the  joint. 

Now  the  secant  of  tlie  angle  varies  from  1  to  oo  as 
the  angle  increa.ses  from  zero  to  !*0  deg.  Evidently  one 
may,  by  varying  the  angle,  obtain  almost  any  efficiency 
between  the  given  efficiency  and  an  infinite  one.  T  would 
be  very  glad  to  have  tliis  matter  explained  and  also  a  re- 
liable method  given  for  finding  the  efficiency  of  a  diagon- 
al joint. 

Dale  S.  Miles. 

Tnde])endence,   Kan. 
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Molds  for  lead  gaskets  described  iu  recent  issues  are 
good,  but  urmecessary,  as  lead  gaskets  should  not  be  solid. 
More  satisfactory  results  can  be  had  by  using  gaskets 
made  of  soft  lead  tubing  having  an  outside  diameter  of 
about  nine-sixteenths.  The  pipe  should  be  formed  to  the 
desired  shape  and  its  ends  either  burned  or  soldered  to- 
srether.  A  number  of  small  holes  through  the  side  far- 
thest from  the  pressure  will  let  the  air  out  as  the 
joint  is  made  up.  Lead  piping  is  u.sually  softer  than  east 
lead  and  readily  allows  for  any  rough  surfaces  and  such 
gaskets  may  be  used  a  number  of  times,  and  are  quite 
suitable  for  pressures  up  to  250  lb.  for  both  hand  and 
manhole  joints. 

E.  T.  Binus  on  page  30,  July  7,  gives  good  advice  for 
the  treatment  of  soft  gaskets,  but  why  use  soft  gaskets 
when  lead  is  much  more  satisfactory? 

E.  \\.  Peaece. 

Eochdale,  England. 

[The  other  contributors  have  featured  rcmelting  and 
using  old  lead. — Editor.] 


There  are  several  methods  of  figuring  radiation,  begin- 
ning at  practicallv  guesswork,  in  allowing  a  certain  num- 
ber "of  cubic  feet  per  square  feet  of  radiation  and  ending 
with  the  B.t.u.  method  in  which  all  the  various  losses 
are  supposed  to  be  accurately  computed  and  the  proper 
amount  of  radiation  found  to  offset  the  losses.  But  is  it 
possible  to  accurately  figure  radiation?  I  hardly  think 
so  and  to  satisfy  myself  on  this  point  I  made  an  inves- 
tigation of  the  "constants  used  by  the  different  writers. 
The  following  table  is  interesting  in  showing  the  wide 
variation  among  men  who  are  recognized  as  authorities 
in  the  heating  line.  Who  will  say  which  are  the  correct 
constants  ? 

BT  U    RADIATED  PER  SQ.FT.  PER  DEGREE  DIFFERENCE  IX  TEM- 
PER.\TVRE  PER  HOUR 

Tbomp-     Gil-  ^  ,,A,„    Hofl- 

son  ford     Allen      Carpenter      Wolff     man 

Brick  wall    S"         0  48     0  25  0  37  0.46       0  40 

16"                    ...  0.210  0.26  0.19 

20""    .■ 0.187  0.21  0.16 

24"                0.167  0.19  0.14 

28"  0.152        0.13 

32"! 0.13  ....  0.12 

singiewincw':':  .;:  ::  ?:oi     i.m  i.oe  o.gftob.gs  1.09    10 

D^uble^dow 0  50        0.73    0.46         0  o2       0  b( 

SinglesWUght 150         1.04     1.16  112       l-W 

Double  skyUght 0  50  0  61     0.48  0  62       0.70 


0.32  0.32  0  31 

0.28  ...  0  26 

0.26  0.23 

0  24  0  20  0.21 

0  22  0  174  0.19 

0.21  0  15  0  17 

0  20  0.13 


radiation  than  is  actually  Tociiiired   and  a  corresponding 
increase   in  cost. 

The  U.  S.  Bureau  of  Standards  has  made  elaborate 
tests  along  a  great  many  engiuepring  lines.  Penn.  State 
College  has  recently  put  into  commission  a  thermal  test- 
ing plant  for  standard  forms  of  insulation.  Is  not  the 
subject  of  enough  importance  for  one  of  the  above  in- 
stitutions or  some  other  college  equipped  for  testing 
work  to  make  accurate  tests  of  heat  transmission  on  mod- 
ern forms  of  building  construction?  If  this  were  done 
the  determination  of  the  proper  amount  of  radiation  for 
a  buildino-  would  jiass  from  the  land  of  uncertainty  to 
exactness. 

W.    L.    DUHAND. 


A.flir'°C©2inipif'essos'  Tiro^lbles 

On  starting  up  a  new  Iwo-stage  air  compressor,  trou- 
ble developed  in  the  high-pressure  cylinder.  An  obstruc- 
tion in  the  passages  would  let  only  a  small  amount  of 
water  through.  After  removing  the  cylinder  head,  every- 
thing seemed  clear  until  a  wire  was  entered  in  the  pas- 
sage leading  to  the  rear  head,  which  was  found  to  be 
filled  with  molder's  sand.  The  opening  to  the  crank  end 
of  the  cylinder  was  nearly  closed  with  metal,  the  core 
evidently  having  shifted  a  little,  and  cutting  this  out  was 
a  tedious  job.  After  replacing  the  head,  a  free  flow  of 
water   reduced   the   temperature  of  the  heads. 

Oil  carbonizing  in  this  cylinder  was  another  source 
of  troul)le.  Several  grades  were  tried  with  poor  results. 
Polarine  seemed  to  stop  ihe  groaning  of  the  inlet  valves, 
which  happened  every  time  the  machine  was  shut  down, 
but  this  oil  also  carbonizes  a  little.  I  feed  it  at  l^^j 
drops  a  minute,  but  if  further  diminished  the  lubricators 
refuse  to  work  regularly. 

This  machine  is  belt  driven  fi'om  a  200-hp.  motor  and 
is  governed  by  an  unloader  on  the  intake  pipe.  Its  ca- 
pacity is  somewhat  greater  than  the  demand  for  air  at 
present,  so  it  runs  light  about  one-third  of  the  time.  I 
believe  this  is  the  cause  of  my  trouble.  The  oil  does 
not  leave  the  cylinder  fast  enough  when  the  machine  is 
running  light,  and  is  carbonized  by  the  heat,  and  the 
demand  for  air  is  very  irregular.  If  a  smaller  amount 
is  used,  the  valves  stick  and  quiver  when  running  under 
a  load.     Perhaps  someone  can  suggest  a  remedy. 


0  34 
0.62 
n  45 
0.26 


Door.'r..  .'..■" 1  "0  0.40  0.41 

Stud     partition — lath     and  

pla.ster  one  side 0  60  0.40  0.60 

Stud     partition — lath     and 

plaster  both  sides 0  34  0  31  0  34 

Lath  and  plaster  ceiUng....  0.32  0.40  0.62 

Floor                      0  10  0.34  0.45 

Floor— lath  and  plaster ....  0  08  0 .  27  0  26 

Double  floor 0.08  .29  0  31 

Double    floor — lath     and 

plaster 0  06  0  19  0  18 

The  B.t.u.  method  of  figuring  radiation  is  almost  uni- 
versally used  where  any  sort  of  consistent  results  are  de- 
sired, but  it  is  hardly  more  than  an  intelligent  guess  with 
the  present  uncertainty  as  to  the  real  value  of  radiation 
constants.  Most  engineers  are  inclined  to  use  the  higher 
constants  and  base  their  computations  on  minimum  tem- 
peratures that  are  only  reached  once  or  twice  a  season, 
thus  being  on  the  safe  side.     This  often  results  in  more 

•  "Power,"  Apr.  28,  July  7  and  14. 


ILIcesas©  IL^ws  Siiradl  Wages 

I  do  not  believe  license  laws  alone  will  raise  the  en- 
gineer's pay.  Ohio  has  had  a  license  law  for  several  years 
and  it  seems  to  attract  men  in  excess  of  the  demand, 
thereby  keeping  the  pay  low  in  proportion  to  the  amount 
of  work  and  study  required. 

The  law  provides  that  an  applicant  shall  make  oath 
that  he  has  been  employed  at  lea.st  one  year  as  an  engi- 
neer, oiler  or  fireman.  I  know  at  least  one  case  where 
the  applicant,  after  he  had  failed  at  the  examination, 
said  he  had  never  worked  as  required  by  the  law,  but 
could  get  a  job  any  time. 

F.  D.  Grain. 

Willshire,  Ohio. 
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Melting  Point  of  Balibitt  Metal — What  is  the  temperature 
of  the   melting   point  of  ordinary   babbitt   metal? 

R.   N.   V. 

Commercial  babbitt  metal  is  made  in  a  variety  of  propor- 
tions of  tin,  copper,  antimony,  zinc  and  often  lead,  with  an 
average    meltinK   point   of   about   1000   deg.   F. 


Reniovint!^   Oil    from   Boilers — How    can    boilers    be    cleaned 
of  oil   deposited   in   them   by  using  feed  water  returned   from 

a  surface   condenser? 

A.    S. 
By   using  a   solution   of   soda   ash   and   water  boiled   up   in 
the  proportion  of  about  1  lb.  per  10  hp.,  after  which  the  boili-r 
should   be    blown    off   and   "washed    out. 


Condensing  Surface  per  Kilonntt — What  proportion  of  con- 
densing surface  is  allowed  for  operation  of  large  turbo-con- 
densing units? 

E.    C.    S. 
In  operation      of  large   turbo-condensing   units  it  has   been 
determined    by    experience    that    satisfactory    results    are    ob- 
tained by  employment  of  1.6  sq.ft.  of  condensing  tube  surface 
per  kilowatt. 

Direet-Motion 

characteristic    of 


Hoistins    Engii^e — What    is    the    distinctiv 
a    direct-motion    hoisting    engine? 

F.   B.   N. 


A  direct  or  first-motion  hoisting  engine  is  one  which  has 
the  winding  drum  mounted  on  the  main  or  crankshaft  of  the 
engine,  as  distinguished  from  a  second  motion  hoisting  engine 
which  has  its  winding  drum  driven  by  a  gear  wheel  on  the 
engine  crankshaft. 


TliickneHM  for  Babbitting — How  can  I  proceed  to  get  the 
correct  measurements  for  rebabbitting  the  bottom  shell  of 
a  four-part  bearing  without  stripping  the  engine? 

H.    R. 

Raise  the  shaft  up  until  it  is  level,  and  when  in  it  is  also 
held  in  proper  alignment,  the  distance  the  Journal  Is  verti- 
cally away  from  the  old  babbitt  added  to  the  vertical  thick- 
ness of  the  old  babbitt,  will  give  the  vertical  thickness  for 
the  new  babbitt  at  any  point  so  measured. 


Ineqnnlitr  of  Draft  of  Conneetrd  Bniierx — In  a  battery  of 
eight  boilers,  if  a  stack  connection  of  uniform  size  extends 
along  the  rear  of  all  the  boilers  from  No.  1  to  No.  8  and  is 
thence  connected  into  a  stack  of  the  same  diameter  and  there 
is  an  uptake  from  each  boiler  to  the  horizontal  stack  connec- 
tion, will  boiler  No.  1  or  No.  8  have  the  better  draft? 

M.    G. 

If  the  uptake  of  each  boiler  has  a  right-angled  connection 
with  the  common  stack  connection  and  no  baffles  are  em- 
ployed, then  the  boiler  furthest  from  the  stack  will  have  the 
better  draft. 


Connecting      DripH      of      Vnouuni-Heating      StyHteni — In      a 

vacuum-exhaust  steam-heating  system,  how  can  the  drii)» 
of  mains  be  connected  to  the  returns  so  as  not  to  sustain 
loss   of   steam   or   Impair   vacuum    in   the   returns? 

J.  H.  N. 
A  main  drip  should  be  sealed  by  running  It  so  as  to  form 
a  deep  trap  before  discharging  to  the  returns.  The  highest 
point  of  the  trap  so  formed  should  be  at  least  20  to  30  In. 
lower  than  the  connection  to  the  steam  main,  and  the  deeper 
the  trap  the  higher  the  vacuum  may  be  carried  before 
siphoning  will  take  place. 

Hornepower    of    Altrrnnting-Cnrrent    Motor — How     Is    the 

horsepower  found  on  a  three-phase  a.c.  motor  when  voltage 
and  amperage  are  given? 

K   F.   R. 
The  power  of  a  three-phase  motor  Is  given  by  the  formula 
Current  X  voltage  X  1.73  X  power  factor 

KW  -:  • 

1000 
This  applies  to  the  current  In  any  phase,  and  the  voltage  Is 
that  measured  across  any  two  of  the  live  wires.  As  one 
horsepower  Is  equivalent  to  0.74<>  kilowatt,  the  horsepower 
of  the  motor  would  be  the  kilowatts  found  by  the  formula 
divided    by    0.746. 


Connections  for  Exhaust  Steam  Heating — Should  heating 
coils  and  radiators  which  are  supplied  with  exhaust  steam 
have  single  or  double  connections? 

W.  N.  J. 
When  the  supply  of  exhaust  steam  is  continuous  and  prac- 
tically uniform  in  pressure  and  operated  as  a  closed  gravity- 
return  system,  either  single  or  double  pipe  connections  may 
be  employed  as  in  ordinary  low-pressure  steam-heating,  but 
when  the  returns  are  discharged  as  a  vacuum  system  or  for 
blowing  out  the  heating  system  of  air  and  water  to  quicken 
the  circulation,  the  coils  and  radiators  should  be  provided 
with   separate  steam   and   return   connections. 


Size  of  Motor  for  Centrifugal  Pump — .\  centrifugal  pump 
has  a  rated  capacity  of  250  gal.  per  min.  pumping  against  a 
total  head  of  120  ft.  with  an  efficiency  of  53  per  cent.  What 
size  of  motor  should  be  selected  to  drive  the  pump? 

S.    B.    R. 
Pumping  260   gal.   per  min.  against  a  total   head   of  120  ft. 
with  an  efficiency  of  52  per  cent,  would  require: 
260    X    SJ    X    120 

=    15.12   hp., 

0.52    X    33.000 
and   allowing   10   per   cent,    loss   in    transmission    the    power   of 
the  motor  should  be 


Size    of   Pump    for    Vnouum-Heating    System — What    is    the 
formula  for  size  of  pump  for  a  vacuum  steam-heating  system? 

F.   P. 
A   formula  for  the  approximate  size   of  air  cylinder   for  a 
vacuum   pump  of  a  vacuum  steam-heating  system  is 
S 
d=   X    L   =   — 

V,     u  35 

in  which 

d  =  Diameter  of  air  cylinder  in  inches; 
L  =:  Length  of  stroke  in  inches;  and 

S  =  Number   of   square    feet    of   radiatJ-ng    surface    to    be 
drained. 


Temperature  DilTerenee  of  Steam  and  Discharged  Con4 
densing  \Vater — What  is  the  temperature  difference  between 
the  steam  and  condensing  water  as  discharged  from  a  con- 
denser? 

W.  J. 
In  good  practice,  there  is  a  difference  of  10  deg.  to  15 
deg.  F.  between  the  temperature  of  the  outgning  cooling 
water  and  temperature  of  the  incoming  steam,  depending 
on  the  type  of  condenser  and  volumetric  ratio  of  water  to 
steam.  A  good  surface  condensing  plant  with  dry-air  pump 
should  operate  at  2.S  in.  vacuum  with  a  temperature  differ- 
ence of  15  deg.  v.,  but  there  are  many  plants  which  are 
operated  with  a  difference  of  25  to  40  deg.  Although  it  may 
be  possible  for  a  good  barometric  or  centrifugal  jet  con- 
denser to  operate  with  less  temperature  difference  than  10 
to  15  deg.,  commercial  practice   rarely  concedes  better  resulta 


Pump  Capacity — How  much  water  per  hour  will  a  duplex 
steam  iiump  handle  having  a  6-ln.  steam  cylinder,  4-ln.  water 
cylinder    and    6-in.    stroke,    when    making    75    r.p.m.? 

P.  C.  L. 
The  cross-sectional   area  of  the  water  cylinder,  neglecting; 
tlie  area   of  the  rod.  Is 

4    X    4    X    0.7S54    =   12.566  sq.ln. 
The   displacement   for   one    6-in.    stroke   would  be 

12.566   X   6   =    75.396  cu.In. 
iind  for  160   (I.e..  2   X    75  r.p.m.)  strokes  and  two  cylinders  (the 
pump   being  duplex)    would   be 

75.396    X    ir.0    X    2    =    22,618.8  cu.In.  per  ™in. 


22,618.8 


97.917    gal.    per   min. 


97.917     X    60      -    5875.02    gal.    per    hr. 
These   figures   do  not   take   slippage   Into  account. 
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Last  Lesson's  Axsweks 

111.  Since  there  are  four  threads  per  inch,  the  pitch 
is  1/4  in.  Let  Fig.  To  represent  the  development  of  the 
thread.  The  base  of  the  plane  is  the  circumference  of 
the  screw;  the  altitude  is  the  pitch;  and  tlie  hypotenuse 
AC  is  the'length  of  the  thread.  The  motion  of  the  jack 
is  equivalent  to  motion  on  the  inclined  plane  AC. 

By  construction 

-J—  =  -^ — -  =  0.04     (approximately) 
6.28       25.12 

From  a  table  of  tangents  tbe  value  of  the  angle  a  is 
found  to  be  2  deg.  20  min.    From  equation  (66)  the  effi- 

1  —  f  tan  a 
ciency    of    the    inclined    plane    is    i^    =    ^  _|_  V  cot  ~a 

From  the  conditions  of  the  problem  the  value  of  /  is 
0.14;  the  fan  a  =  0.04  and  the  cot  a  =  25.  Substitut- 
ing tlxese  values  in  equation  66,  the  efficiency  of  the  Jack 
is  found  thus: 

0.14  X  0.04       0.9944 


imniiiiii iiiiiuiiniDDiiiiiiiniiiiiimiiiiiiiiiii niiiiii iiiiiiiiiniiiiminii iiiiiniiiiii in ! iiiiiinn i iiiiiiiiiiimiiiiiiuiinniiiiiiiiiiiiiiiiiniiMiiiniiiiinniimiiis 

115.  Tli£  car,  including  the  load,  weighs  2000  lb., 
md  its  velocity  at  the  foot  of  the  plane  is  38.2  ft.  per 
;ec.     The  kinetic  energj-  in  the  car,  due  to  its  velocity. 


BC 
tan  a  =    r-r. 


^  ~     1  +0.14  X  25         1  +  3.5 

112.  In  one  revolution  of  the  lever  the  point  A  will 
move  a  distance  equal  to  2  X  3.1416  X  2  or  12.56  ft. 
The  force  exerted  bv  the  man  is  40  lb.  and  the  work  done 
per  revolution  of  the  jack  is  40  X  12-56,  or  502  ft.-lb., 
which  quantity  represents  the  input. 

Let  IF  equal  the  weight  raised.  In  one  revolution  of 
the  jack  this  weight  will  move  a  vertical  distance  of  i/l 
in.  or  the  pitch  of  the  screw.  Hence  the  mdput  = 
ir  X  Vi  =  ^/4  in.-lb.,  or  17/48  ft.-lb.  By  equation  53 

efUcienai  =  °."^^"^  In  problem  111  the  efficiency  of 
"  •'  input 

the  jack  was  found  to  be  22  per  cent.  Substituting  the 
values  of  the  efficiency,  input,  and  the  output  in  the 
above  equation  there  results, 


0.22  = 


tr/48 

.51  )2 


W  =  0.22  X  502  X  48  =  5300  lb. 


113.  The  effective  force  moving  the  car  down  the 
plane  is  the  force  of  gravity  minus  the  force  of  friction. 
Prom  the  discussion  of  the  inclined  plane  the  force  of 
gravit.y,  G  is  TF  X  sin  a.  In  this  problem  sin  a  = 
1/18,  "hence 

G  =  IF  sin  a  =  2000  X  1/18  =  HI  tt- 
As  the  force  of  friction  F  is  assumed  to  be  20  lb.,  the 
effective  moving  force  is 

{G  —  F)  =   (111  —  20)   =  91  lb. 
The  acceleration  a  may  be  found  from  equation  49,  where 

F  =  —    X  a.  or 


Fxg  _91  X  32.16 


=  1.46/^.  per  sec. 


"•  ~      IF  2000 

114.     Tse  the  equation  (32)    V'  =  2  aS.     Here  a  = 
1.46  ft.  per  sec,  and  >'  =  500  ft.;  therefore, 
F=  =  2  X   1-46  X     500  =   1460,  or 
F  =  V  1460  =  38.2  ft.  ppr  nee. 


WV^        2000  X  38.2  X  38.2 
-,  or- 


=  45,374  ft.-lb. 


•Zg  '"  'X  32.16 

This  energy  must  be  absorbed  before  the  car  will  come 
to  rest.  When  the  ear  is  running  on  the  level  the  only 
resistance  to  be  overcome  is  the  force  of  friction  which, 
in  this  case,  is  20  lb.  The  work  done  in  overcoming  this 
resistance  through  a  given  distance  of  S  ft.  is  i^  X  •'^' 
ft.-lb.,  which  must  equal  the  energy  in  the  car,  or  F  X  >'>' 


ft. 


IF  X  F' 
1).     Henct 


wli£re  F  =  20  lb.,  and 


S  = 


TFF2 
2  gF 


45,374 
20 


•ig 


=  45,374 


=  2268  ft. 


Projectiles 

In  the  previous  lessons  the  motion  of  a  body  was  lim- 
ited to  straight  lines.  There  are  cases  where  the  path 
of  the  body  may  be  a  curve.  If  an  object  be  projected 
vertically  upward  it  will  rise  in  a  straight  line  to  a 
certain  height  and  then  descend  in  the  same  straight 
line.  If,  however,  the  object  be  projected  at  an  angle 
to  the  vertical  the  path  described  will  be  a  curve,  the 
form  of  which  will  be  determined.  In  the  following 
discussion  the  resistance  of  the  air  will  be  neglected,  as 
an  attempt  to  correct  for  it  would  require  a  knowledge 
of  mathematics  beyond  the  scope  of  this  work.  The  ac- 
celeration due  to  gravity  will  be  considered  as  uniform. 

When  an  object  is  projected  into  the  air,  the  angle  that 
the  direction  in  which  it  is  projected  makes  with  the 
horizontal  is  called  the  angle  of  jjrojedion.  The  path 
the  object  describes  is  called  its  trajectory.  The  dis- 
tance from  the  point  of  projection  to  the  point  where  the 
object  again  passes  the  plane  of  projection  is  called  the 
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Fig.  75. 
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range.  The  time  that  elapses  before  the  object  meets  the 
plane  of  projection  is  called  the  time  of  flight. 

As  stated  in  Newton's  second  law  of  motion,  a  body 
would  continue  to  move  in  a  straight  line  forever  if  it 
were  not  for  other  external  forces  which  are  brought  to 
bear  on  the  body.  The  instant  a  bullet  leaves  a  rifle 
gravity  acts  and  tends  to  change  the  path  of  the  bullet. 

Projectiles  may  be  divided  into  several  classes,  depend- 
ing upon  the  angle  of  projection. 

Class  7  Bodies  projected  vertically  upward.  (This 
class  has  been  discussed  in  lessons  XVIII  and  XIX.)  ^ 

Class  II.  Bodies  projected  horizontally  from  a  point 
at  some  elevation  above  a  given  reference  plane. 

Class  III.  Bodies  projected  at  an  angle  to  the  hori- 
zontal. ■ 
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lu  Fig.  76,  asi^ume  an  object  to  be  projected  horizon- 
tally from  the  point  ('  with  a  velocity  of  V  ft.  per  sec. 
Let  //  =  the  elevation,  in  feet,  of  the  point  C  above 
the  horizontal  plane  AB.  It  is  desired  to  find  at  what 
l)oint  B  the  object  will  reach  the  ground  and  also  the 
tinie  of  flight  from  the  point  C  to  the  point  B. 

At  the  end  of  the  first  second  the  projectile  would  be 
at  the  point  E,  a  distance  of  V  ft.  from  the  point  C,  if  it 
were  not  for  gravity,  which  in  the  same  second  causes 
the  projectile  to  fall  a  distance  of  i/^  g  ft.  The  net  result 
is  that  at  the  end  of  the  first  second  the  body  is  not  at 
the  point  E,  but  at  a  point  M,  16  ft.  below  E.    Likewise 


at  the  end  of  the  second  second  the  body  would  be  at  the 
point  F,  dux.'  to  its  initial  velocity,  but  during  these  two 
seconds  gravity  causes  it  to  fall  a  distance  of 

V2  ffT'  =  V2  X  32.16  X  2'  =  64  ft. 
so  that  the  projectile  is  at  the  point  N,  which  is  located 
64  ft.  below  F.  At  the  end  of  the  third  second  the  pro- 
jectile is  at  the  point  0,  which  is  iYz  g,  or  144  ft.  below 
6.  Hence  to  plot  the  true  path  of  the  projectile,  the  fol- 
lowing method  may  be  used: 

Lay  o£E  the  vertical  distance  H  (Fig.  74)  to  a  definite 
scale;  that  is,  one  inch  of  height  represents  a  fixed  num- 
ber of  feet.  Draw  the  horizontal  reference  line  AX,  and 
through  the  point  C  draw  the  line  CO  parallel  to  the 
line  .4A'.  On  the  line  CO  locate  the  points  E,  F,  G, 
etc.,  so  that  the  distance  between  any  two  consecutive 
points  is  efjual  to  the  initial  velo<ity  of  the  projectile  in 
feet  per  second.  Through  the  points  E,  F,  G,  etc., 
draw  vertical  lines,  and  on  these  lines  lay  off  distances 
equal  to  the  space  through  which  a  body  would  fall  due 
to  gravity  in  the  given  number  of  seconds.  Thus  at  the 
end  of  the  first  seccmd  the  body  would  iiave  fallen  a  dis- 
tance of  16  ft.,  and  so  the  distance  EM  is  made  16  ft.  to 
scale.  Thf  disteiice  7''.V  is  64  ft.,  GK  is  144,  etc.  A 
smooth  curve  drawn  through  the  points  C,  M,  N,  K,  B, 
will  give  the  trajectory  of  the  projectile. 

The  time  of  flight  will  be  the  same  as  if  the  projectile; 
had  be^'U  lift  fall  from  the  point  C  and  has  nothing  to  do 
with  the  initial  veUxity  of  the  projectile,  but  is  entirely 
dependent  upon  the  vertical  distance  AC.  The  simulta- 
neous action  of  the  velocity  V  and  the  action  of  gravity 
produce  the  same  efFect  as  though  these  forces  acted  in- 
dependently of  one  another,  that  is  the  projectile  may  be 
considered  as  first  moving  from  the  point  C  to  the  point 
6'  with  a  velocity  of  V  ft.  per  sec,  and  then  falling,  due 
to  gravity,  from  the  point  'S^  to  the  point  B. 

The  time  that  it  takes  for  the  projectile  to  fall  the 
vertical  distance  AC  or  7/  ft.  may  be  found  from  equa- 
tion  (12)   where  If  =  Y-zOT-^;  and  when  the  time  is 


known  the  horizontal  distance  AB  or  the  range  is  found 
from  the  equation  ,s'  =  T  x  T^.  Therefore,  let  T^  = 
the  whole  time  of  flight;  //  =  the  vertical  distance  from 
the  plane  AB  to  the  point  of  projection ;  V  =  the  veloc- 
ity of  projection  in  feet  per  sec;  and  R  =  the  hori- 
zontal range  or  the  distance  AB. 


Then 

and 


^^'^ 


R   = 


H 

U 

y  X  r, 


7?  =  T^ 


(67) 
(68) 
(69) 


The  above  formulas  api)ly  only  to  problems  coming  un- 
der Class  IL 

Study  Questions 

116.  A  horizontal  belt  conveyor  is  located  100  ft. 
above  the  ground.  Coal  leaves  the  conveyor  with  a  hori- 
zontal velocity  of  20  ft.  per  sec.  How  long  after  the 
coal  leaves  the  conveyor  will  it  strike  the  ground? 

117.  Find  the  horizontal  distance  from  the  conveyor 
to  the  point  where  the  coal  strikes  the  ground. 

118.  Find  tlie  magnitude  and  direction  of  the  veloc- 
ity of  the  coal  when  it  strikes  the  ground. 

119.  In  Fig.  14,  lesson  IV,  the  governor  ball  B  is  15 
in.  from  the  center  of  the  spindle  when  revolving  at  100 
r.p.m.,  and  is  15  ft.  above  the  floor  line.  If  the  ball  were 
to  suddenly  break  loose  from  the  spindle,  how  far  would 
it  travel  before  striking  the  ground? 

120.  What  would  be  the  time  of  flight? 


Esa^lsae  TlhroMle  Valves 

In  the  account  of  the  flywheel  explosion  at  the  Union 
Brewing  Co.'s  plant,  page  115,  July  21,  the  picture  shows 
that  the  throttle  valve  had  a  long  stem  which  brings  the 
wheel  out  over  the  valve-gear  and  in  line  with  the  fly- 
wheel. Engine  builders  are  not  giving  the  position  of 
the  throttle  valve  the  attention  that  it  should  have  from 
the  viewpoint  of  the  safety  of  the  engineer. 

All  engines  of  even  moderate  size  should  be  equi])ped 
with  an  engine  stop  which  will  close  the  throttle  in  an 
emergency,  but  they  are  not  always  provided  and  it  is  of- 
ten difficult  to  get  the  company  to  incur  the  expense. 
When  the  valve  with  a  long  stem  is  used  there  should  be 
a  bearing  for  the  stem  near  the  handwheel  to  prevent  the 
side  strain  causing  the  stem  to  become  signing. 

Another  trouble  sometimes  found  is  that  the  packing 
gland  is  drawn  up  too  tight.  This  should  not  be  done. 
The  packing  shovdd  be  renewed  often  enough  to  prevent 
it  from  becoming  hard.  Some  engineers  on  opening  the 
tiirottlc  or  other  valve,  turn  it  wide  open,  and  wedge  the 
stem  tight.  When  left  in  this  position  the  valve  is  hard 
to  start  when  it  is  to  be  closed.  A  valve  should  be  opened 
wide,  then  turned  back  ])art  of  a  turn  lo  free  it. 

A  handwheel   of  small  diameter  with   a  polished  rim 
should  not  be  used.     In  tlie  case  referred  to  if  tlio  throttle 
had  been  arranged  as  suggested,  it  is  likely  the  engineer 
could  have  clo.sed  it  quickly,  preventing  the  accident. 
S! 

Ice  Mnklnic  In  lrelnn<I — In  the  city  of  Cork  there  Is,  It  is 
repoitfd.  only  one  ice  plant,  which  supplies  all  the  Ice  for 
domestic  and  public  use  for  the  entire  southern  part  of  the 
Island.  The  output  Is  only  six  tons  per  day.  There  are  a 
few  Individual  flrma  operating  refrigerating  machinery  for 
their   own    use. 
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On  July  30,  at  7:30  in  the  morning-,  Peter  McArdle,  a  fireman. 
was  scalded  to  death  in  the  plant  of  the  Mailers  Building, 
237  South  Market  St.,  Chicago.  The  plant  is  equipped  with 
two  Scotch  boilers  which  operate  on  pressures  of  from  60 
to  100  lb.,  the  safety  valves  being  set  for  105  lb.  The  blow- 
ofE  pipes  are  carried  out  at  the  sides  of  the  boilers  and  by 
means  of  a  tee  connection  discharge  through  a  common  pipe 
running  to  a  cast-iron  blowoff  tank  at  the  rear  of  the  boilers. 
The  room  here  is  restricted  and  the  ground  level  is  four  steps 
below  the  basement  floor.  To  get  at  the  blowoff  valves  it 
is  necessary  to  enter  a  narrow  space  between  the  two  boilers. 

The  tank  was  23  years  old  and  showed  signs  of  serious 
corrosion.  On  this  account  it  had  been  the  custom  to  blow 
down  at  a  pressure  not  exceeding  20  lb.,  but  on  the  fatal 
morning  full  pressure  was  on  the  one  boiler  which  was  in 
operation  when  the  fireman  started  to  blow  it  down.  Just 
as  he  opened  the  valve,  the  bottom  blew  off  of  the  tank, 
forcing  the  rest  of  it  upward.  Naturally,  the  piping  was 
carried  along  with  it  and  the  latter  in  turn  pulled  the  tee 
away  from  the  blowoff  pipes.  The  hot  water  and  steam 
rushing  out  overpowered  the  fireman  and  before  help  could 
reach    him    he    was    fatally    scalded. 
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Experiments  have  been  made  to  determine  the  impact  on 
the  bearings  of  reciprocating  engines  with  different  methods 
of  lubrication  with  the  idea  of  reducing  noise  and  shock. 
The  engine  used  was  a  single-cylinder,  double-acting  center- 
crank  type  with  Corliss  valve  gear.  7-in.  cylinder  diameter 
and  17^2 -in.  stroke,  the  speed  varying  from  50  to  125  r.p.m. 
The  force  of  impact  was  measured  by  an  Inertia  apparatus 
fixed  to  the   connecting  rod  and   by   an  electric  circuit.      Indi- 
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2.  Forced    lubrication    under   a   head    of   13    in. — flood   lubri- 
cation. 

3.  Forced    lubrication     with    a    head      of      15     ft. — pressure 
lubrication. 

Results   of  the   tests,  are   shown   in   the  two  diagrams.     Fig. 
1    gives    the    force    of    impact    plotted    against    the    velocity    of 

Speed   50  R.p.  fvf. 


cator  diagrams  were  taken  with  a  drum  motion  proportional 
to  the  time.  With  this  measuring  apparatus  the  force  of 
impact,  or  the  greatest  retardation  during  the  change  of 
pressure,  was  obtained,  also  the  point  of  the  crank  circle 
where  the  change  of  pressure  took  place.  Different  tests 
were  made  for  several  cutoffs,  several  lengthi  of  compres- 
sion, under  varying  speed,  for  different  kindd  f  lubrication 
and  for  different  clearances  in  the  crank  and  crosshead 
bearings.  Lubrication  was  applied  in  three  different  ways: 
1.  With  sight  feed  oilers — drop  lubrication. 

ir'ranslated  and  abstracted  by  W.  Turnwald  from  a  report 
by  Dr  Ing.  Hans  Polster  in  "Zeitschrift  des  Vereines  Deutscher 
liigenieure." 
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impact.  The  full  lines  relate  to  the  crankpin,  the  broken 
lines  to  the  crosshead  pin.  The  speed  of  the  engine  is  given 
by  the  numbers  along  the  curves.  The  most  striking  feature 
of  this  diagram  is  the  great  advantage  of  continuous  lubri- 
cation over  intermittent  lubrication.  The  improvement  of 
curves  C  and  E  over  curve  A  (for  the  crankpin),  or  of  curves 
D  and  F  over  curve  B  (for  the  crosshead  pin),  is  so  striking 
that   it    is    unnecessary    to    make    any    further   comment. 

Fig.  2  shows  the  influence  of  lubrication  on  the  force 
of  impact  for  different  clearances  between  the  pin  and  bear- 
ing. The  result  is  the  same — great  advantage  of  continuous 
(flood  or  pressure)  lubrication  over  intermittent  (sight  feed 
or   drop)   lubrication. 

It  may  be  interesting  to  add  the  conclusions  the  author 
draws    from    his    experiments.      He    says: 

1  The  point  of  the  crank  circle  in  which  the  change  of 
pressure  takes  place  has  no  influence  on  its  magnitude  as 
shocks  occurring  at  dead  center  may  be  just  as  light  or 
heavy    as    shocks    before    or    after    the    dead    center. 

2.  The  speed  of  the  engine  influences  the  amount  ot 
change  in  pressure  only  in  combination  with  the  shape  of  tne 
indicator  diagram.      (Compression   line   and    inertia   line.) 

3  Lubrication  has  the  greatest  influence..  Infufficient 
lubrication  means  heavy  shocks  under  all  circumstances. 
High  oil  pressure  shows  some  improvement  over  l9."'„°'i 
pressure,  but  not  as  much  as  flood  lubrication  shows  it  over 
drop    (sight   feed)    lubrication. 

The  Illuminating  Bnglneerlnjs  Society  will  hold  its  annual 
convention  in  Cleveland,  Ohio,  Sept.  21  to  25,  inclusive  A 
most  interesting  list  of  papers  will  be  read  and  discussed. 

•#; 
A  New  High-Power  AVoter  Pump,  with  a  capacity  ot  30,- 
000  000  gal.  a  dav,  built  by  the  Allis-Chalmers  Co..  was  re- 
cently installed  under  the  supervision  of  Wayne  W.  Mackey, 
erecting  engineer  of  the  company,  at  the  Broadway  pumping 
station  of  the  T  ledo  Water  Works.  Toledo.  Ohio.  It  has  the 
distinction  of  being  one  of  the  greatest  pumping  engines  of 
its  class  ever  constructed,  and  cost  $83,000.  The  pump  is  of 
vertical  triple -exp.insion  design,  and  the  cost  of  operation  is 
estimated  as  ne-sixth  of  the  cost  of  maintenance  of  the 
original  5.000.000-gal  pumps  formerly  used.  It  will  increase 
the  water  providing  capacity  of  the  Broadway  station  to  72,- 
000  000  gal.  dailv.  Toledo's  normal  daily  supply  is  less  than 
half  of  this  amount.  All  of  the  cylinders,  heaters  and  steam 
lines  connected  with  this  pump  are  insulated  with  coverings, 
furnished   by  the  H.  W.   Johns-Manville   Co. 
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The  Association  is  this  year  lepeating  its  custom,  initiated 
in  1S84,  of  holding  occasional  meetings  in  the  British  Col- 
onies. The  first  meeting  of  this  kind  was  held  in  Jlontreal 
in  1SS4;  Toronto  was  visited  in  1807,  Winnipeg  in  1909; 
South  Africa  in  1905.  and  Australia  was  selected  for  1914. 
Two  large  parties  of  delegates  left  the  home  country  for 
Australia  at  the  end  of  June  and  early  in  July,  and  these 
were  reinforced  when  they  arrived,  by  the  local  Australian 
members,  and  by  others  who  joined  as  associates  for  the  .Vus- 
tralian  meeting  only.  The  meetings  were  held  during  July 
and  Aug.  in  Perth,  Adelaide,  Melbourne,  Sydney  and  Bris- 
bane,   the    five    state    capitals. 

PRESIDENTIAL     ADDRESS 

Professor  Coker,  in  his  address  to  the  Engineering  Sec- 
tion, dealt  with  "Stress  Distribution  in  Materials."  Differ- 
ent methods  for  investigating  stress  distribution  in  materials 
were  discussed,  especialb'  the  optical  method  of  studying  (by 
aid  of  the  polariscope),  the  strains  in  transparent  models 
of  the  machine  or  structure.  In  the  majority  of  cases  the 
simplest  and  the  most  direct  method  is  the  experimental  study 
of  a  model,  from  Which  are  obtained  the  data  required  for  cal- 
culating effects  on  a  full-sized  structure;  hence  the  laws 
of  similarity  have  received  close  scrutiny.  The  optical  ef- 
fects for  any  given  load,  are  independent  of  the  thickness 
of  the  material,  and  depend  upon  the  stress  difference,  so 
that  color  effects  are  obtained  which  may  be  regarded  as 
pictures  of  shear  stress  throughout  the  model.  Modern  researches 
on  ductile  materials  like  structural  steel,  indicate  that  such 
materials  fail  at  some  limiting  value  of  shearing  stress,  and 
since  the  places  where  these  limiting  values  are  reached  in 
the  model  are  visible  to  the  eye,  the  weak  places  in  the  de- 
sign of  a  structure  can  be  ascertained,  and  a  faulty  design 
corrected,    by    purely    experimental    means. 

As  applied  to  boiler  design  and  construction.  Professor 
Coker  was  of  the  opinion  that  ample  scope  for  further  inquiry 
was  here  afforded;  but  before  more  exact  knowledge  can  be 
gained  of  the  conditions  of  stress  in  a  complicated  riveted 
joint,  it  appears  necessary  to  examine  thoroughly  the  sim- 
ple  cases. 

■Mr.  Scoble  and  I,"  said  he.  "have  examined  the  case  of 
the  load  applied  by  one  rivet  to  a  plate  with  various 
amounts  of  overlap,  and  the  stresses  around  the  rivet  holes 
have  been  measured  with  fair  accuracy.  The  stress  at  the 
boundary  of  a  small  cylindrical  hole  In  a  plate  has  been 
found  almost  three  times  the  stress  in  the  full  plate  and  the 
effects  of  holes  comparable  with  the  width  of  the  tension 
member,  have  also  been  examined  in  some  detail.  In  the 
case  of  a  rivet  just  filling  the  hole  and  exerting  no  tan- 
gential effect  at  the  boundary,  there  is  a  lessened  tension 
Stress  across  the  minimum  section  at  the  boundary  hole,  ac- 
companied by  a  marked  radial  tension.  These  effects  have 
been  recently  confirmed  in  a  mathematical  discussion  by 
Suyehiro.  Other  cases  give  satisfactory  agreement  with  cal- 
culations, and  we  may  therefore  feel  some  confidence  that  ex- 
perimental investigation  will  prove  useful  in  some  of  the 
very  complicated  cases  arising  out  of  engineering  prac- 
tice,   where   analysis   is   difficult    If   not    impossible." 

THE  BEHAVIOR  OF  METAL.S  UNDER  .STRAIN 
The  same  subject  was  dealt  with  by  Dr.  Walter  Rosen- 
haln,  who  stated  that  for  a  rational  understanding  of  the 
behavior  of  metals  under  strain,  the  truly  crystalline  charac- 
ter of  all  metals  and  alloys  in  their  normal  (cast  or  an- 
nealed) state,  was  of  fundamental  importance.  The  more 
detailed  and  diftlcult  questions  connected  with  the  deforma- 
tion and  fracture  of  metals  which  have  received  increasing 
attention  recently,  were  next  considered.  Including  such  phe- 
nomena as  "fatigue,"  testing  by,  and  failure  under,  shock 
or  repeated  Impact,  and  the  phenomena  of  senil-plasticity  and 
elastic  recovery.  The  behavior  of  metals  at  high  tempera- 
tures was  also  discussed,  and  the  explanation  of  these  phe- 
nomena afforded  by  the  modern  development  of  the  theory  of 
an  amorphous  phase  In  metals,  as  originated  by  Beilby  and 
extended  by  the  author  and  his  collaborators,  was  summar- 
ized. 

An  Interesting  paper  on  "The  Economics  of  Liquid  Fuel  for 
Marine  Purposes,"  was  read  by  Professor  KIrkaldy,  ami  al- 
though this  related  chiefly  to  the  use  of  fuel  for  steamships, 
aome  of  the  points  discussed  in  the  paper,  rover  equally  well 
the  supplies  of  liquid   fuel   for   power  purposes,   on   land.      Dis- 


cussing the  advantages  of  oil  as  compared  with  coal  for  ships, 
he  submitted   the  following  tabulation: 

WHERE    USED    AS    FUEL    FOR    .STE.4M    BOILERS 

(1)  One  ton  of  oil  will  do  the  work  of  1 V4  tons  of 
coal. 

(2)  The  bunker  space  is  greatly  reduced  because:  Less 
fuel  need  be  carried;  the  oil  can  be  pumped  into  any  out  of 
the  way  space  in  the  ship;  and  oil  can  be  carried  in  the  bal- 
last   tanks. 

(3)  Economy  in  transporting,  handling,  storing  and 
stowing. 

(4)  Less  labor  is  required,  because  the  number  of  fire- 
men can  be  reduced  by  one-third;  no  trimmers  are  required; 
food  costs  are  also  reduced  by  one-third;  less  accommoda- 
tion is  required  for  the  boiler-room  staff.  The  saving  in 
wages,  food  and  cost  of  fuel  in  a  recent  trial  of  oil  against 
coal,  tried  on  the  same  vessel,  showe'd  an  advantage  in 
favor  of  oil  of  $170  in  one  day's  steaming,  on  a  ship  of 
3S00  tons. 

WITH    INTERNAL-C(lMBUSTION    ENGINES 

(1)  One  ton  of  oil  will  do  the  work  of  four  tons  used 
for    heating    boilers. 

(2)  There  is  considerable  reduction  of  bunker  space 
over  oil-fired  boilers  and  steam  engines,  and  a  much  greater 
saving    of    space    over    coal-fired    boilers    and    steam    engines. 

(3)  There  is  the  economy  in  handling,  transporting,  stor- 
ing and  stowing  already  noted,  and  less  labor  is  required. 
Here  there  is  an  economy  over  boilers  and  steam  engines, 
as   neither   firemen    nor   trimmers   are   required. 

(4)  The  engines  occupy  much  less  space  than  the  steam 
boilers  and   engines. 

As  regards  the  world's  resources  of  liquid  fuel,  the  author 
stated  that  these  are  far  greater  than  were  at  one  time 
recognized  and  include  oil  in  the  fluid  state  and  various 
shales,    coal,    etc.,    from    which    oil    can    be    distilled. 

As  regards  oil  in  the  liquid  or  fluid  state  of  areas  already 
supplying  oil.  there  is  eastern  Europe,  and  apparently  a 
vast  workable  area  running  thence  throughout  Asia,  to 
the  Pacific.  The  known  resources  of  North  and  South  Amer- 
ica are  great,  and  in  Canada,  the  West  Indies  and  in  many 
parts  of  South  America,  there  is  promise  of  equally  rich  sup- 
plies yet  to  be  tapped. 

The  various  shale  areas  have  hitherto  scarcely  been 
worked.  Scotland  is  rich  in  shales,  and  there  are  rich  areas 
in  Australia.  New  Zealand  and  South  Africa.  So  far  as  coal 
is  concerned,  to  utilize  it  in  this  way  would  result  in  econo- 
mizing coal  resources,  and  much  that  is  now  wasted  would 
be  utilized.  Some  distilled  oil  contains  impurities,  but  this 
drawback    must    sooner    oi"    later    be    overcome. 

DISTRIBUTION  OP  PHOSPHORUS  IN  STEEL 
.\  paper  by  Doctor  Rosenhain.  of  interest  to  boiler-mak- 
ers, dealt  with  the  distribution  of  phosphorus  in  steel.  The 
author  stated  that  the  injui-ious  influence  of  phosphorus  is 
generally  recognized,  so  much  so  that  for  a  large  class  oI 
important  steel  articles,  it  is  usual  to  specify  tb.it  the  plios- 
phorus  content  shall  not  exceed  0.035  per  cent.  If  phosphorus 
were  uniformly  distributed  throughout  steel,  it  would  be  diflfl- 
cult  to  believe  that  less  than  four  parts  in  ten  thousand 
could  be  seriously  injurious.  Observations  of  ordinary  com- 
mercial steels,  however,  serve  to  show  that  phosphorus  is 
not  uniformly  distributed.  This  matter  has  been  studied 
by  J.  E.  Stead,  by  the  method  of  heat-tinting,  which  differ- 
entiates between  those  parts  of  a  polished  steel  surface  rich 
in  i)hosphorus.  and  those  free  from  it.  by  the  difference  in 
the  rate  of  oxidation.  The  banded  distribution  of  the  phos- 
phorus thus  reproduces  as  bands  of  different  depths  of  tint- 
ing,  on   the  surface,   after   exposure   to  he.at. 

More  recentl.v.  the  author  and  J.  L.  Haughton,  at  the 
National  Physical  Laboratory,  worked  out  a  method  of  trac- 
ing the  phosphorus  distribution  In  steel,  by  means  of  a  new 
reagent.  This  Is  a  solution  of  ferric  chloride,  rendered  add 
by  hydrochloric  add.  and  containing  in  solution  small  quan- 
tities of  the  chlorides  of  copper  and  tin.  When  a  steel  surface 
Is  exposed  to  this  reagent,  electro-chemical  replacement 
occurs,  a  small  quantity  of  Iron  passes  Into  solution,  and  a 
corresponding  amount  of  copper  Is  deposited  as  a  thin  film 
on  the  surface  of  the  steel.  In  an  Ideally  pure  steel  this  de- 
posit  would    be    uniform    over   the   entire   area   of   the    ferrlto 
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constituent,  but  in  a  phosphoric  steel  the  copper  film  is  de- 
posited first  on  those  ferrite  regions  which  are  most  nearly 
pure,  those  regions  richest  in  phosphorus  being  left  unaf- 
fected   for   a    long   time. 

TESTING  OP  MATERIALS  BY  MICROPHOTOGKAPHT 

In  this  paper  Professor  Dalby  stated  that  the  practice  of 
showing  the  structure  of  metals  by  means  of  microphoto- 
graphy  has  steadily  developed  during  the  last  few  years.  He 
recently  applied  a  photographic  method  of  obtaining  a  rec- 
ord of  the  relation  between  the  load  and  extension  of  metals, 
right  up  to  the  breaking  point.  The  diagrams  taken  in  this 
way  show  clearly  the  peculiarities  of  the  metals  at  their 
yield  points,  and  also  the  actual  load  on  the  specimen,  at 
the   moment   of   fracture. 


COMMITTEE    REPORTS 
Two   important   reports   were   presented,    one    dealing 


ith 


A  number  of  members  of  the  committee  have,  during  the 
past  year,  been  engaged  in  investigating  subjects  dealt  with 
in  last  year's  reports,  but  in  most  cases  the  experimental 
work  is  not  yet  completed.  Tlie  subjects  under  investigation 
are   as    follows: 

Professor  Coker  and  Mr.  Scoble,  shear  tests;  Mr.  Cook, 
tests  of  the  physical  constants  of  the  standard  steels;  Messrs. 
Cook  and  Robertson,  further  work  on  the  strength  of  thick 
cylinders;  Mr.  Fulton,  alternating  stress  at  low  frequencies; 
Mr.  Guest  and  Professor  Lea,  combined  stresses;  Mr.  Mason, 
repeated  combined  stresses:  Mr.  Scoble,  repeated  combined 
stresses;    Dr.    Stanton,    repeated   shear    tests. 
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"Gaseous  Explosions"  and  the  other  with  "Stress  Distribu- 
tion." The  former  was  the  seventh  report  of  the  scientific 
committee,  which  was  first  appointed  in  1907,  for  the  study 
and  investigation  of  the  explosion  phenomena  in  internal- 
combustion  engines.  The  report  presented  this  year  contains 
a    summary    of   the    contents    of   the   previous    six   reports. 

The  first  part  is  devoted  mainly  to  the  subject  of  the 
specific  heats  of  gases  at  high  temperatures.  The  constant- 
pressure  experiments  of  Wiedemann,  Regnault,  Holborn  and 
Henning  are  analyzed  and  discussed,  and  a  curve  is  given 
showing  the  energy  of  CO2,  steam  and  air,  in  terms  of 
temperature.  The  experiments  of  Dugald  Clerk  are  de- 
scribed, and  the  results  obtained  compared  with  the  constant- 
pressure  experiments  mentioned.  The  closed  vessel  experi- 
ments of  Mallard,  Le  Chatelier  and  Langen  are  analyzed  and 
the    results    plotted    and    discussed. 

Dr.  Watson's  researches  on  the  efficiency  of  a  gasoline 
engine  are  included.  In  these,  simultaneous  measurements  were 
made  of  the  quantities  of  air,  and  gasoline  taken  into  the  en- 
gine, and  of  the  chemical  composition  of  the  exhaust  gas.  The 
point  brought  out  was  that  the  ratio  of  hydrogen  to  carbon  in 
the  exhaust  was  greater  than  the  ratio  of  hydrogen  to  carbon 
in  the  gasoline  used.  Additional  evidence  of  this  discrep- 
ancy is  furnished  bj'  some  experiments  of  Professor  Hop- 
kinson. 

Radiation  from  gases  is  next  discussed  and  a  brief 
general  history  of  the  subject  is  given,  together  with  a 
record  of  the  experiments  of  Professor  Hopkinson  and  of 
Professor  Callendar.  The  direct  effect  of  radiation  on  the 
efficiency  of  internal-combustion  motors,  the  amount  of  radia- 
tion from  flames,  and  the  molecular  theory  of  radiation  from 
gases,  as  -well  as  the  question  of  the  transparency  of  flames 
to  their  own  radiation  are  reviewed.  There  is  an  appendix 
on  the  radiation  of  flames  by  Professor  Callendar,  giving 
some  account  of  experiments  made  ■with  a  Meker  burner;  a 
second  appendix  on  the  radiation  in  a  gaseous  explosion  by 
Professor  Hopkinson;  and  a  third  appendix  which  contains 
abstracts  from  various  papers  relating  to  the  application  of 
heat  radiation,  from  luminous  flames,  to  Siemens'  regenerating 
furnaces. 

The  fifth  section  of  the  report  continues  the  discussion  of 
the  effect  of  radiation,  and  is  devoted  mainly  to  the  consider- 
ation of  the  factors  which  determine  the  heat-flow  from  the 
gas  to  the  walls  of  the  cylinder.  The  remarkable  effect  of 
turbulence  on  the  rate  of  combustion  is  here  mentioned. 
Particulars  of  Dugald  Clerk's  experiments  are  given,  and 
these  definitely  establish  the  fact  that  but  for  turbulence 
the  speed  at  "which  modern  internal-combustion  engines  are 
run  would  be  impossible.  Professor  Hopkinson's  experiments, 
in  which  a  fan  was  placed  inside  a  closed  vessel,  and  the 
rates  of  combustion  observed  with  the  fan  at  rest  and  in 
motion,    are    recorded,    and    confirm    Dr.    Clerk's    results. 

The  second  report  on  "Stress  Distribution  in  Engineering 
Materials"  stated  that  the  reports  presented  at  the  Birming- 
ham meeting  of  the  Association  led  the  committee  to  the 
view  that  the  coSrdination  of  the  results  of  various  researches 
was  rendered  difficult  by  the  diversity  of  the  materials  used 
in  the  tests.  It  was  therefore  thought  desirable  to  obtain 
complete  and  systematic  data  with  regard  to  three  definite 
materials,  namely,  a  mild-steel,  a  hard-steel,  and  a  steel- 
alloy.  Accordingly  a  stock  of  three  tons  standard  steel  has 
been  obtained  for  the  committee;  this  consists  of  dead  mild- 
steel  (carbon  0.12  per  cent.),  axle-steel  (carbon  0.03  per  cent.) 
and   nickel-steel. 

Some  of  the  steel  has  already  been  sent  to  various  mem- 
bers of  the  committee,  and  in  due  course  full  information 
will  be  available  with  regard  to  the  behavior  of  the  three 
materials,   under  a  large  number  of  different   tests. 

Information  with  regard  to  the  manufacture  of  the  stan- 
dard   steels    is    given    in    an    appendix. 


The  twenty-sixth  annual  convention  of  the  American 
Boiler  Manufacturers'  Association  was  held  at  the  Waldorf- 
Astoria  Hotel,  New  York  City,  Sept.  1  to  4,  inclusive.  The 
question  of  the  standardization  of  steam-boiler  specifica- 
tions received  considerable  attention,  and  it  is  hoped  that 
some  progress  will  be  made  toward  harmonizing  the  varia- 
tions existing  at  present  between  the  laws  of  the  different 
states. 

The  opening  session  took  place  Tuesday  morning  at  10  a.m. 
In  the  absence  of  the  president,  Col.  E.  D.  Meier,  Capt.  T.  M. 
ReoE  presided.  Addresses  of  welcome  by  Hon.  Henry  Bruere, 
city  chamberlain,  and  Charles  R.  Lamb,  a  director  of  the 
Merchants'  Association,  of  New  York,  were  made  and  re- 
sponded to  by  W.  H.  S.  Bateman. 

Reports  of  executive  and  membership  committees  and  ap- 
pointment of  committees  on  place  of  next  meeting,  nomina- 
tions and  auditing,  etc.,  occupied  the  meeting  Tuesday  after- 
noon, and  in  the  eveniiig  a  reception  and  dance  was  held  in 
the   Waldorf   Astoria. 

Wednesday  forenoon  and  afternoon  were  given  to  the  re- 
ports of  the  committee  on  uniform  specifications  and  the 
committee  on  uniform  boiler  laws.  Thursday  the  reports 
were  read  of  committees  on  uniform  system  of  cost  keeping, 
place  of  next  meeting,  auditing  and  nominations,  and  dis- 
cussion of  topical  questions  took  place.  The  banquet  was 
held  in  the   evening. 

On  Friday  there  was  the  executive  meeting  in  the  fore- 
noon as  the  official  ending  of  the  convention,  and  the  after- 
noon and  evening  were  spent  at  Coney  Island.  The  complete 
report    of    the    meeting   will   appear   in    the    next   issue. 


LeceEat  Go'sart  DecasioEas 

Digested    by   A.   L.   H.    STREET 


Hlght  to  Enjoin  Flooains  of  Land — In  a  recently  announced 
decision  the  New  York  Court  of  Appeals  recognizes  the  prin- 
ciple that,  as  a  matter  of  strict  legal  right,  an  owner  of  land 
bordering  a  stream  is  entitled  to  have  the  natural  fall  of  th& 
stream  left  uninterfered  with  by  any  person  who  has  not 
legally  acquired  a  right  of  flowage,  but  decides  that  one  who 
buys  land,  knowing  that  an  apparently  worthless  part  of  the 
property  is  submerged  in  the  maintenance  of  a  nearby  dam, 
is  not  entitled  to  maintain  a  suit  to  enjoin  the  owner  of  the 
dam  from  continuing  to  flood  the  lands,  especially  where  the 
dam  has  been  constructed  at  great  expense  and  is  used  in  i 
supplying  electricity  for  public  and  private  use.  (McCann  vs* 
Chasm  Power  Co.,   105    "Northeastern   Reporter,"    416.) 

Right  to  Maintain  Dam — A  right  to  maintain  a  dam  in  3L- 
stream  to  develop  power,  acquired  by  long  continued  use 
-v\'ithout  objection  from  property  owners  affected,  does  not 
authorize  increase  of  the  height  of  the  dam,  according  to  the 
Iowa  Supreme  Court's  opinion  handed  down  in  the  case  of 
Iowa  Power  Co.  vs.  Hoover,  14  7  "Northwestern  Reporter,  858, 
In  the  same  case  it  is  decided  that  legislative  grant  of  per- 
mission to  maintain  a  dam  does  not  exempt  liability  for  in-  P 
jury  to  lands  along  the  stream  resulting  from  maintenance  ot 
the  dam. 


Foweip   FEss-imt^   ^t  MouaU&a  ©f  Mnime 

At  Floodwood,  Ohio,  in  the  Hocking  Valley,  a  power  plant 
is  now  under  erection  wiiich  is  to  generate  current  at  the 
mouth  of  a  mine  and  distribute  it  to  the  surrounding  terri- 
tory. There  are  about  70  mines  i  nthis  district,  all  of  whicll 
are  possible  customers  for  the  station,  and  within  a  radius 
of    50    miles    there    are    numerous    towns    of    good    size    which 
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offer  a  promising  field.  Columbus  is  only  60  miles  away,  and 
Cincinnati  150.  To  run  the  transmission  to  either  city  is 
a   possibility   of  the   future. 

The  plant  is  located  at  the  junction  of  Monday  Creek, 
with  the  Hocking  River  on  one  of  tlie  fiats  between  the 
numerous  hills  along  the  river  bank.  A  1000-acre  bitum- 
inous coal  mine  adjoins  the  plant,  and  the  fuel  is  to  be 
taken  from  a  side  hill  at  an  expense  which  is  estimated  at 
70c.  per  ton.  The  coal  is  easy  to  get  at,  and  as  it  will  be 
removed  continuously  throughout  the  year,  it  is  thought 
that  the  cost  will  be  less  than  for  coal  mined  for  commercial 
use.  The  water  supply  is  abundant  and  good,  as  there  are 
no  mines  farther  up  the  river  to  instill  sulphur  and  other 
impurities    into    the    stream. 

In  building,  the  unit  plan  has  been  adopted.  Additions 
will  be  added  from  time  to  time  as  conditions  "warrant.  The 
initial  installation  consists  of  three  ISOO-kw.  condensing 
turbines  driving  three-phase,  alternating-current  generators. 
These  machines  have  already  been  placed  on  their  founda- 
tions, but  the  water-tube  boilf-r  equipment  and  the  coal- 
handling  machinery  are  not  yet  on   the  grounds. 

Two  or  three  syndicates  have  an  interest  in  the  develop- 
ment, but  at  the  present  writing  the  operating  company  has 
not  been  incorporated.  It  is  planned  to  have  the  plant  in 
operation  some  time  in  November. 


Public  Senlce — To  provide  for  a  committee  on  public  re- 
lations, to  have  charge  of  those  activities  which  include 
service  to  the  public  other  than  tliat  rendered  directly  to 
individual  members  and  the  profession  as  a  whole,  the  public 
relations  committee  of  the  American  Society  of  Mechanical 
Ensineers  announces  that  public  service  has  been  designated 
by  the  committee  on  meetings  as  the  central  theme  for  the 
annual  meeting  in  December  1914.  At  the  request  of  the 
committee,  the  public  relations  committee  has  taken  charge 
of  the  program  for  Thursday.  Dec.  3,  and  it  will  be  devoted 
to  papers  on  municipal  engineering  and  related  matters. 
The  session  will  be  opened  by  John  Purroy  Mitchel,  mayor 
of   the    city    of    New    York. 

<;reat  ExpoHitlon  (Grosse  Ausstellung)  Dusseldorf,  Ger- 
many, in  191.5.  with  the  cooperation  of  the  German  Museum, 
Munich,  has  been  instituted  under  the  auspices  of  the  city 
of  Dusseldorf  and  the  Artists,  and  is  designed  to  represent 
what  human  mind  and  energy  have  perfected  or  inaugurated 
during  the  last  hundred  years.  It  will  show  the  gradual 
development  of  science  and  industry  during  this  period;  fore- 

>st    of    all,     however,     it    will     illustrate    the    present    high 

ridard    of    industry    and    craft.      The    juxtaposition    of    the 

t    and    present    will    give    the    visitor    a    clear    view    of    the 

irograss  which  unwearied  toil  and  far-reaching  investigation 

have    brought     about.       The     exhibition     which,    for    the    first 

time,    is    open    to    foreign    firms    is   backed    by   a   fund    of   Mks. 

""0.000    guaranteeing    its    financial    success.      Prominent   per- 

s  of  wide  experience  have  given  their  energies  to  the 
ice  of  the  udertaking,  which  will  be  carried  through  in 
dignified  way,  traditional  to  the  exhibition  town  of 
seldorf. 

The    ten    groups    to    be    represented    are    Art    and    Scicni-e. 

IFeuse    and    Home,    Industry    and    Trade,    Woman,    Army    and 

.^'    vv.     Traflii-,    Sport    and    Hunting,    Agriculture    and     Ilorti- 

tliure.  Legislation   and    Reform.     Group   3   contains   the  sub- 

'lona  of  power,  light  and  mechanical  labor,  engineering, 
ng,   salt   works,   iron,   metals,   the   trade   In   manufactured 

■  ds,   the   textile   indu.itry.   food   and  beverages,  labor,   trade, 

ft,   along   with   allied   Industries. 


AI.BKRT  1!.   FHANKI.IN  ? 

I  in  Saturday  morning,  Aug.  29,  Albert  B.  Franklin,  a  well 
known  heating  and  ventilating  engineer,  died  at  his  home  in 
.Melrose,  Mass.  Me  was  born  In  Roxbury,  Jan.  28,  1852,  the  son 
er  Hcnjamln  and  Clara  (.Stowell)  Franklin,  and  descendants 
1 1  "in   Revolutlonar.v   stock. 

He  prepared  for  college  at  the  Roxbury  Latin  school,  but 
uing  to  Illness  was  unable  to  enter  college.  Mr.  Franklin 
rilered  the  employment  of  J.  J.  Walworth  H  Co..  of  Hoston.  In 


1S70  to  learn  the  trade  of  a  steamfitter,  and  continued  with 
that  firm  until  November,  1878,  when  he  left  and  went  into 
business  for  himself. 

This  firm  has  carried  out  contracts  for  heating  and  ven- 
tilating some  of  the  largest  public  and  business  buildings  in 
New  England,  including  the  Boston  State  House,  the  Mel- 
rose High  School  and  other  school  buildings  of  Melrose,  and 
the  Memorial  Hall  and  Melrose  Hospital. 

Mr.  Franklin  was  a  generous  giver  of  his  time  and  his 
money,  and   possessed  a  vigorous   intellect. 

He  was  a  member  of  the  Middlesex  Club,  Congregational 
Club,  the  Men's  Club  of  the  First  Congregational  Church, 
Bethlehem  Council,  the  Royal  Arcanum,  Knights  of  Pythias, 
and  Garfield  Lodge  A.  O.  U.  W. 

In  1902  he  joined  the  American  Society  of  Heating  and 
Ventilating  Engineers:  1905-1908  he  was  on  board  of  govern- 
ors; 1911,  second  vice-president:  1913,  first  vice-president,  and 
a  member  of  the  Massachusetts  Chapter  and  of  the  board  of 
governors,    1913-1914. 

He  was  married  Sept.  30,  1874,  to  Helen  Frances  Jenness, 
who  survives  him,  together  with  six  children.  The  business 
will  be  continued  by  Mr.  Franklin's  sons  Laurence  and  Ralph. 

THEODORE  GERARD  MEIER 
Theodore  G.  Meier,  treasurer  of  the  Heine  Safety  Boiler 
Co.,  died  on  Aug.  16.  Mr.  Meier  was  born  in  Bremen,  Ger- 
many, Mar.  17,  1836.  When  he  was  a  year  old  his  parents 
decided  to  go  to  America.  His  father,  Adolphus  Meier,  se- 
lected St.  Louis  as  promising  to  become  a  great  center  of 
business,  and  sailed  from  Bremen  to  New  Orleans,  with  his 
little  family,  in  a  small  brig,  which  arrived  safely  after  a 
tempestuous  voyage  of  113  days.  From  there  a  steamboat 
took  them  to  St.  Louis  in  eleven  days.  Here  T.  G.  Meier 
gre'w  up  with  such  schooling  as  the  little  town  then  afforded. 
In  1842  and  in  1849  the  family  visited  Bremen,  where  Mr. 
Meier  got  the  advantage  of  better  schooling  during  his  stay 
of  two  years,  graduating  from  the  High  Schoool  of  Com- 
merce in  1851.  He  then  attended  the  St.  Louis  University  as 
a  general  student.  Later  he  entered  his  father's  business 
(hardware  and  cutlery)  as  a  clerk,  and  for  further  practical 
training,  entered  the  employ  of  Butler,  Keith  &  Hill,  Boston, 
Mass.,  for  two  years,  re-entering  his  father's  business,  to 
which  meanwhile  had  been  added  a  small  cotton  factory.  He 
rose  from  clerk  to  partner,  and  in  1862  took  entire  charge  of 
the  cotton  factory.  He  became  an  expert  in  the  judging  of 
cotton,  and  was  one  of  the  founders  of  the  St.  Louis  Cotton 
Exchange,   of  which  he   later  became   president. 

During  the  Civil  War,  he  joined  the  13th  Regiment  of 
Missouri,  was  elected  its  major  and  served  as  such  until 
the  close  of  the  war. 

On  Sept.  7,  1863,  he  married  Miss  Hattie  E.  Basham, 
Louisville,   Ky.,  by  whom  he  had  three  children. 

His  firm,  Adolphus  Meier  &  Co.,  was  also  engaged  in  ex- 
portation of  cotton  and  of  tobacco  to  Europe.  The  cotton 
mill  for  some  years  made  sufficient  profits  to  double  its  ca- 
pacity, but  afterward  its  Eastern  competitors  were  able  to 
get  rates  from  the  New  England  States  to  the  Northwest  and 
Southwestern  States  so  much  lower  than  those  from  St.  Louis 
to  these  points  that  this  business  suffered  severely.  There 
was  at  that  time  no  Interstate  Commerce  Commission  to  reg- 
ulate rates,  and  wages  were  much  higher  in  St.  Louis  than 
in  Lowell.  After  a  protracted  struggle,  the  cotton  factory 
had  to  go  into  bankruptcy.  A  large  shipment  of  raw  cotton 
exported  to  London  by  the  firm  was  burned  in  Hoboken  and 
the  insurance  lost  on  some  technicality  about  Hoboken  not 
being  part  of  the  port  of  New  York.  Some  investments  in 
railroads,  coke  works,  iron  works,  in  which  the  firm  was 
largely  interested,  suffered  in  the  depression  of  1873,  etc., 
and  when  the  senior  Mr.  Meier  died  in  1888,  the  juniors  found 
the   firm   hopelessly    bankrupt. 

T.  G.  Meier  then  agreed  with  his  brother,  Colonel  E.  D. 
Meier,  to  take  up  the  settling  of  the  affairs  of  the  firm  with 
Its  creditors  if  time  were  given.  Such  was  the  confidence 
reposed  by  all  the  creditors  in  his  honesty,  capacity  and  de- 
termination, that  all  made  agreements  with  him  out  of  court, 
and  in  the  course  of  25  years  he  has  accomplished  the  result. 
Ills  tastes  were  plain,  his  demands  on  life  modest,  and 
his  sense  of  duty   paramount   to   every   other   consideration. 

For  the  last  twenty-five  years  he  had  been  vice-president 
and  treasurer  of  the  Heine  Safety  Boiler  Co.,  of  St.  Louis, 
and  the  phenomenal  growth  of  that  company  Is  largely  due 
to  hig  financial  ability  and  careful  economy.  He  was  able 
to  give  personal  attention  to  his  duties  until  his  78th  birth- 
day, but  his  physician  urged  him  to  take  a  prolonged  rest 
on  account  of  hardening  of  the  arteries.  He  went  to  Wo- 
quetonslng,  Mich.,  where  the  climate  first  seemed  to  restore 
him,  but  he  became  gradually  n^eaker  and  passed  away 
Aug.    16. 
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Two  books  have  been  published  dealing  with  the  proceedings 
of  the  Fifth  National  Conservation  Congress  held  in  Yash- 
in-ton D  C  last  November.  One  of  them  treats  of  water- 
power 'subjects  exclusively  and  is  an  important  contribution 
to  constructive  literature  in  this  subject.  The  other  book 
contains  the  forestry  reports  and  addresses  which  were  con- 
ceded to  be  the  most  valuable  ever  presented  at  a  similar 
meeting  in  this  country.  The  books  may  be  had  for  one 
dollar  each  through  N.  C.  McLoud.  treasurer  and  recording 
secretary  of  the  Congress.  1201  Swetland  Building,  Cleveland. 
Ohio. 
HARPER'S    GASOLINE    ENGINE    BOOK       By    A.    Hyatt    Ver- 

rill        Published     bv     Harper     &     Bros..     New      lorK.     isi-i. 

Siie  .ixS  inches;  292  pages,  illustrated.  Price  ?1  net. 
The  extensive  use  of  gasoline  engines  in  automobiles  or 
^otor  boats  by  persons  having  little  or  no  knowledge  of 
their  principles  of  operation,  has  created  a  field  where  thib 
took  should  have  wide  circulation.  Written  in  a  nontech. 
nical  and  simple  style,  the  text  takes  up  the  fundamentals 
of  the  gasoline  engine,  describes  the  various  types,  com- 
menting upon  their  relative  advantages  and  shortcomings, 
discusses  their  care  and  operation,  and  enumerates  the  com- 
mon troubles  and  the  remedies.  The  illustrations  are  well 
chosen  and  the  author  is  to  be  commended  for  adhering 
closelv   to   the   subject   as   set    forth   in   the   title. 

^^"l^^h^l'^b^^X^fcS'Jk^V^H^ifi  ^^C^-  /et7o^rk.  T^'lV. 
Size  5x7^  inches;  172  pages;  flexible  leather.  Price. 
$2   net.  .  .  »t,      X-  „. 

The  long  experience  of  the  author  as  auditor  of  the  New 
York  Edison  Co.  and  as  an  active  member  of  the  accounting 
section  of  the  National  Electric  Light  Association,  has  par- 
ticularly fitted  him  as  an  authority  on  the  subject  of  publu- 
utilitv  accounting.  The  text  is  grouped  under  three  headins^. 
nameiv;  "Balance  Sheet  or  Indicant  Accounts,  Income  Ac- 
counts" and  "Miscellaneous  Accounts."  The  first  covers  such 
items  as  plant  investment,  current  assets,  suspense  account, 
liabilities  and  reserves,  and  under  the  second  heading  are  in- 
cluded   gross    earnings    and    operating    expenses. 

The  .subject  is  handled  logically,  and  although  covering 
practically  all  items  that  any  lighting  company  might  be 
called  upon  to  deal  with,  the  treatment  is  flexible  enough  to 
make  it  applicable,  wholly  or  in  part,  to  any  conditions.  The 
explanations  render  the  text  easily  understandable,  and 
numerous  sample  record  blanks  and  cost  sheets  are  included. 
The  author  urges  compliance  and  cooperation  with  public  ser- 
vice commissions  in  the  matter  of  accounts  and  appears  to 
have  followed  this  throughout  the  book. 
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Polyphase    induction    motors. 


SxlOii    in.      Bulletin    No.    IDS'! 
Illustrated,    20    pp.,   SxlO%    in. 

Yarnall-Waring  Co.,  Chestnut  Hill,  Philadelphia,  Penn. 
Catalog.  "The  Log  Book  of  the  Power  Plant."  Lea  V-notch 
recording   liquid    meter.      Illustrated,    SS    pp.,   6x9    in. 

National  Transit  Co.,  Oil  City,  Penn.  Loose-leaf  hinder 
and  bulletins  Nos.  10  and  11.  Pumping  machinery.  Illus- 
trated. 

Murray  Iron  Works  Co.,  Burlington,  Iowa.  Pamphlet  No. 
11.  Murray-Corliss  engines  and  alternating-current  genera- 
tors.     Illustrated,    12   pp.,   9x11    in. 
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ATl.A.\TIC     COAST     ST.VTKS 

The  Attleboro  Gas  c&  Light  Co.,  Attleboro,  Mass.,  has  pur- 
chased  an   IS-acre   site  and   will    construct  a   new    plant. 

Bids  will  be  received  bv  the  Trustees  of  Public  Buildingt 
Capitol,  Albany,  N.  Y.,  until  2  p.m.,  Sept.  10.  for  heating  and 
ventilating  apparatus,  plumbing  and  electric  wiring  for  rooms 
of  the  fifth  floor  of  the  New  York  State  Capitol.  Lewis  F. 
Pilcher  is  State  Arch. 

Plans  have  been  prepared  for  the  construction  of  amunici- 
pal  electric-light  plant  at  Bath.  N.  Y.  The  estimated  cost  is 
$50,0(1.     W.  W.   Babcock  is  Chn.  of  Hldg.  Comm. 

The  Board  of  Public  Utility  Commissioners  has  granted 
permission  to  the  Riverside  Traction  Co..  Burlington,  N.  J., 
to  issue  bonds  for  $51,000  for  the  construction  of  a  new 
electric   power   plant. 

Bids  will  be  received  by  the  Lighting  Committee  of  the 
Borough  Council,  Butler,  N.  J.,  until  Sept.  14,  for  construct- 
ing a  municipal  electric-light  plant.  Runyon  &  Carey,  845 
Broad  St.,  Newark,  are  the  Engrs.  George  J.  Fritz  is  Bor- 
ough   Clk. 

SOITHKRX    ST.\TKS 
The    citizens    of   Rock  Mart,    Ga..    voted    to    issue    bonds   for 
the   enlargement  and  improvement    of   the    municipal    electric- 
light  plant. 

The  State  Board,  Baton  Rouge,  La.,  is  having  plans  pre- 
pared by  Favrot  &  Livaudais,  New  Orleans,  for  the  construc- 
tion of  a  new  power  plant  at  the  State  Insane  Asylum  at 
Pinesville,  La. 

Plans  are  being  prepared  by  W.  L.  Thompson.  Elect.  Engr.. 
Boyce,  La.,  for  the  construction  of  a  municipal  electric-light 
plant  at  Melville.  La.  This  power  plant  is  to  be  erected  on 
extensive  lines  and  is  to  have  several  sets  of  high-power 
machinery. 

The  municipal  electric-light  plant  of  the  city  of  Hender- 
son, Ky.,  which  was  recently  damaged  to  the  extent  of 
$10,000   by  a  tornado,   will    be   rebuilt. 

CE.\TR.4L.    ST.*^TES 
Plans    are    being    prepared    for    the    reconstruction    of    the 
municipal  power  plant  at  De  Graft.  Ohio,  which   was  recently 
destroyed  by  fire.     J.  T.   Scott  is  Supt. 

The  Loveland  Light  &  Water  Co.,  Loveland,  Ohio,  has 
been  organized  with  $50,000  capital  by  Stanley  Matthews  and 
associates.  The  company  will  take  over  and  reorganize  the 
local    electric-light    system    and    water-works. 

Plans  are  being  prepared  by  Frank  Van  Tuyl,  Arch.,  1112 
Union  Trust  Bldg..  Detroit,  Mich.,  for  the  construction  of  a 
power  plant  for  the  Detention  Home  in   Detroit. 

Press  reports  state  that  the  Commonwealth  Edison  Co. 
has  purchased  21  acres  at  100th  St.  and  Ave.  N.  Chicago.  111., 
and  will  erect  a  power  plant  to  supply  the  manufactures  with 
power.      William  A.   Fox.  Chicago,   is  Secy. 

\VE.ST    OF    THE    MISSISSIPPI 
The  plant   of  the  Grundy  Center  Electric  Co.,   Grundy   Cen- 
ter   Iowa,    recently   damaged    by    fire   to   the   extent    of   $10,000. 
J.   13.   Calderwood   is   owner  and   Mgr. 

Press  reports  state  that  the  municipal  electric  light.  South 
Stillwater,  Minn.,  was  recently  destroyed  by  fire.  The  esti- 
mated loss   is   $20,000.      Paul    Pracht  is  Mgr.  and  Supt. 

The  Town  Council  has  granted  a  40-year  franchise  to  A.  B. 
and  V  B.  Johnson,  of  the  Marshall  Milling  Co..  Marshall, 
Ark.,  to  build  and  operate  an  electric-light  plant  in  Marshall. 
The  State  Public  Service  Commission.  Boise.  Idaho,  has 
eranted  permission  to  Dunkle  Bros..  Plummer,  Idaho,  to  con-  ■ 
struct  and   operate  an   electric-light   plant  in  Plummer. 


Stances'  and'prev^ntrng't'he  deposit  of  ^"-^.^J*^;'''  '"^*^^,^/„  ;,, 
the  tubes.  The  skimmers  will  soon  pay  for  themselves  in 
coal    saving  and    additional    steam. 

The  Yarnall  Waring  Co.,  Chestnut  Hill.,  Philadelphia 
Penn,  has  just  published  a  "ewSS-page  treatise  on  the 
••Lea"  V-Notch  Recording  Liquid  Meter,  and  ^-=iyl^'°ciy  .^.^A^"^^ 
ested  in  this  important  subject  can  secure  a  copy  b>  ^^  "t'ng 
direct  to  the  company.  The  title  of  the  book  is  Log  Book  ot 
Fhe  Power  Plant  "  It  is  full  of  interesting  and  instructive 
data,  is  well  illustrated  and  goes  into  complete  details  as  to 
how  this  meter  is  used  for  all  kinds  of  >'3""i  "1«^?"I^,^?1?{''; 
including  boiler  feed,  condenser  discharge  and  industrial 
liquids  of  all   kinds. 
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Alberger  Pump  &  Condenser  Co.,  140  Cedar  St.,  New  York. 
Catalog  E.  Alberger  centrifugal  pumps,  Alberger-Curtis 
steam    turbines.      Illustrated,    56    pp.,    6x9    in. 

The  Roto  Co.,  Hartford.  Conn.  Catalog  No.  40.  Roto 
tube  cleaners.      Illustrated.  6x9   in. 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis.  Bulletin  No. 
10S6.      Kerosene    engine    generating    sets.      Illustrated,    i.^   PP-i 


rce  .^Or  an  insertion.  1n  ad\ 
„     ...       .,,„■„    ,>,....,= - .itions).  Employment  Agencies  (Labor 


e  of  New   York:   four  for  Chicaiio. 


Positions  Wanted.  3  cents  a  word 
Positions-Open.  (ClvffSer^;ceFx.,n,.„^^^^^^ 

*iiai.c..«"- (Educational — Books),     For    Sale,    o    cent5 

minimum  charge.  SI. 00 
.b?.'e\",U*-5^^oTi''Sr'°/.m\^S&''coeS-fu-iiV„Vd3V 

f-oPV  «.i";.'dre-b- not  iater  than, OA.M 
^!?oT  Chfoa«rw1n'Se°for4ardel'tex?ej;,in..-  cirr.la,^  ,.r  sln.Har  literature). 

NO  information  ^iven  by  us  resardlne  kr  ed  adyertiser'.s  namo  or  address. 

Original  letters  of  recommendation  or  other  papers  of  value  should  not  be  Inclos- 
ed to   unknown    corresnondents.     ^end    copies. 

Advertisements  calUnS  for  bids,  S3.60  an  inch  per  Insertion  p 


AN  A-1  POSITION  is  open  to  aj 
oping  steam  specialties  and  taKin, 
end  of  advertiser's  business.     P.  30.^ 


ood  man  cnpable  of  del 
charge  of  manufactur 
Power, 


. 


ciiiiiiiiiiiiiiiiininiiniinifiiiiiiniiiiiiiiiniiiiiiiiniiiiriiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 


eiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiininiiiiiiiNiiiiin 

Vol.  40  NEW  YORK,    SEPTEMBER  15,  1914  No.  11 


I'Lly  f)£T  $£5,000  TO  .^100 
THAT  YOUR  OLD  JUNK  PIL/S 
OF  A,DOIIyER>  WOK'T  BLOW  UP 
NEXT    VBAR. 


\  Ai 


Is  Youjir  Boiler  IIn\suIlFe^.Ellcc.  ;«'^  Grammlblle? 


36C 


P  0  W  E  K 


Vol.  iO,  Xo.  11 


?rmi( 


^m  Mami^factoriinig  Fo^^er  PflaimtL 


SYXOFSIS—A  German  maniifadiinng  power  plant  in 
irliich  there  are  tiro  lOO-hic,  hleeder-type  steam  turlines, 
steam  leing  taken  from  the  second  stage  for  heating  pur- 
iioses.  The  tiro  'S-fiue  return  bailers  are  mechanically 
jj-ed.  Coal  is  delirered  in  cars  and  the  load  discharged 
into  a  coal  poclrt  hij  ivpending  the  car  on  a  car  tipper. 

The  cleveIo]Jiiieut  of  Iho  ■^anclerer-T\'erke  Actien 
Geselkchaft,  at  Sclioiiaii,  near  Chemnitz,  Genuauy,  is 
an  example  of  present-day  industrial  growth.  In  1885, 
John  Baptist  ^ViIlldhofer  and  Bichard  Jaenicke  organized 
a  company  i'or  the  sale  of  bicycles,  and  at  first  employed 


erection  of  the  new  power  plant,  electrical  energy  was 
supplied,  for  the  greater  part,  by  the  nnraicipal  electric 
works,  but  the  repeated  stoppage  or  curtailments  of  tlie 
supply  during  the  winter  mouths  compelled  the  buihliuu 
of  a  private  power  jjlaut,  which  has  been  designed  with 
a  view  to  future  extensions.  When  work  was  started, 
the  total  current  consumption  in  the  factory  was  al)out 
ilUO  kw.  for  power  and  350  k\v.  for  lighting  purposes. 

TuRBixE  Kooir 
The  turbine  room  has  floor  space  for  four  steam  turbo- 
generators of  1000-kw.  capcity  each,  at  ^000  r.p.m.    Two 


Power 


riG.  1.     Partial  View  of  the  Turbine  Eooji 


l-,\o  men;  today  more  than  3000   are  employed  in  the 
i;'.:inufacture  ofbicvcles,  automobiles,  type^mters,  etc. 

'J"he  factory  is  lighted  by  200  to  600-cp.  mctallic- 
i:  lament  lamps  on  the  semidirect  system.  About  140 
hnups  are  on  each  floor.  Heat  is  obtained  for  the  fac- 
tory by  using  cxliaust  stcaui  througli  coils,  which  comes 
from  the  turljine  in  the  power  plant  at  about  37  lb. 
pressure.  The  machine  tools  in  the  factory  are  eillicr 
driven  by   separate   motors   or   in   groups.     Before   the 


have  beei:i  erected.  Fig.  1.  Both  turbines  are  arranged 
for  drawing  ofl:  steam  from  the  second  stage  of  the  tur- 
bine for  heating  purposes.  The  generators  are  three- 
phase,  50-cycle,  and  supply  current  at  525  volts. 

As  the  a'vailable  water  for  condensing  purposes  is  lim- 
ited, a  cooling  tower  is  used  capable  of  handling  1321 
gal.  of  water  per  hour.  ]^.Iotor-operated  oil  switches  arc 
used,  and  the  current  for  power  purposes  is  supplied  by 
cables  to  the  distribution  boards  of  the  various  depart- 
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ments  at  about  500  volts.  The  current  for  lighting  pur- 
poses is  transformed  down  to  290  volts  and  used  as  mono- 
phase current  with  a  neutral  conductor,  carrying  110 
volts.  Although  the  factor}-  has  its  own  power  plant, 
connections  have  been  made  with  the  local  supjily  so  that 
in  emergency,  power  can  be  obtained  from  outside.  Al- 
though one  turbo-generator  is  kept  as  a  sjjare  imit,  the 
wiring  is  arranged  so  that  at  night,  when  work  is  stopped, 
well  ]nimps  and  the  emergency  lighting  can  be  carried  by 
current  supplied  by  the  outside  company.  The  emerg- 
ency lighting  system  is  automatically  switched  on  the 
municipal  circuit  if  for  any  reason  the  current  generated 
by  the  jjower  jilant  should  fail. 

BoiLEK  House 

The  lioiler  house  is  designed  for  four  boilers.  Fig.  2, 
and  contains  at  present  two  3-fiue  tubular  boilers  in 
one  battery  with  double  steam  drums,  each  boiler  ha\- 
ing  a  heating  surface  of  6479  sq.ft.  and  working  at  a 
maximum  ]iressure  of  220  lb.  The  boilers  are  equipped 
with  built-in  superheaters  having  a  capacity  of  16,534 
lb.  of  steam  per  hour.  Furnace  gases  are  carried  off  by 
a  chimney  236  ft.  liigh  and  8.85  ft.  inside  diameter.  The 
tem[)erature  of  the  gases  is  350  deg.  C.  The  boilers  are 
equipped  with  stokers  and  water  is  aiitomatically  fed 
by  a  duplex  steam  i^ump.  An  auxiliary  feed  arrange- 
ment consists  of  a  motor-driven  seven-stage  centrifugal 
pump.  The  feed  water  tanks  for  cold  and  condensing 
water  are  located  in  a  chamljer  above  the  prmip,  so  that 
the  water  can  flow  to  the  pump  with  a  head.  The  pumps 
are  also  connected  with  the  ])ipe  system  of  the  tire  hydrant 
so  that  in  case  of  fire,  water  at  about  120  lb.  pressure 
is  available  at  anj'  point  in  the  factory.  "Water  for  heat- 
ing pur]30ses,  etc.,  is  obtained  from  a  deep  well. 

Coal  is  delivered  on  a  railway  siding  and  the  cars  are 
run  over  a  weigh  bridge  and  turntable  to  the  boiler 
house,  where  the  load  is  dum])ed  into  a  concrete  coal 
hopper  by  means  of  a  car  tipper.  Fig.  3. 

A  coal  conveyor  dischai'gcs  the  coal  into  bunkers  above 
the  boiler   furnaces,   which   hold    1 1    double   truck   loads 


Fig.  3.  Disctiakgixg  a  Cakload  of  Coal  to  the 
boilek-house  coxveyoe 

each.  From  these  the  coal  passes  automatically  into  the 
stoker  hoppers. 

Ashes  and  clinkers  are  passed  into  an  ashpit  arranged 
in  front  of  the  boilers  below  the  furnaces,  and  are  con- 
veyed from  there  by  cinder  cars  and  hoists  to  an  elevated 
ininker,  from  which  trucks  and  railway  cars  are  loaded 
direct. 

The  boiler  and  engine-room  floors  and  ceilings  are 
faced  with  tile.  The  engine  room  is  fitted  with  colored 
glass  windows,  paneled  ceiling  and  a  lighting  installation 
consisting  of  33  metallic-fihunent  lamps  of  100  cp.  each. 

Faipsft  Aidl  im.  Asiasiaoinim 


Fig.  2.    Boilei;  Itooii  and  Two  Thkee-Flue  Boxleiis 


The  Xational  Ammonia  Co.,  Xew  York,  is  distributing 
large  cards  giving  directions  for  treating  persons  suffer- 
ing from  ammonia  accidents.  These  directions,  given 
below,  .should  lie  of  interest  to  all  enginjeers  handling 
ammonia  refrigeration  ]ilants: 

First  .summon  a  doctor,  prompt  action  beinjr  of  great  Im- 
portance, and  until  his  arrival  apply  the  following:  remedies: 

KXTERNAI. 

For  the  eyes:  First,  jioiir  ,a  1  per  cent,  solution  of  pure 
boric  acid  into  thr  eyes,  instructing  the  patient  to  open  and 
close  the  lid.s  rapidly  to  bring  the  solution  in  cont.-ict  with 
the  entire  inner  surface.  Use  freely,  as  the  solution  is  not 
i^angerous. 

Second,  after  thoroughly  washing  the  eyes,  place  a  small 
finantity  of  clean,  plain  vaseline  under  the  lids  by  pullinj? 
il.iwn  the  lower  lid  and  applying  the  vaseline  with  a  m.atch- 
.'iliaped  piece  of  wood  having  smooth,  rounded  ends. 

For  the  skin:  Apply  lint  or  linen  or  washed  muslin  drip- 
ping wet  with  carron  oil,  changing  the  dressing  frequently, 
il'.y  keeping  lime  water  and  linseed  oil  separately,  a  fresh 
.solution  of  carron  oil  may  be  prepared  each  time  by  mixing 
tlioroughly   equal   parts   of   the   two   Ingredients.) 

IN'TEnNAI. 

For  nose  and  throat  If  inhaled:  Dip  a  handkerchief  or  a 
piece  of  gauze  folded  once  in  vinegar,  wring  It  out  lightly 
and  lay  It  loosely  over  the  nose  and  mouth.  (If  liquid  am- 
monia has  entered  the  nose,  snuff  up  some  dllut'.d  vinegar 
and  apply  sweet  oil  with  a  feather  to  the  inner  surface  of  tho 
nostrils.) 

If  ammonia  has  been  swallowed:  Administer  diluted  vine- 
gar or  have  the  patient  suck  orange  or  lemon  Juice  In  lib- 
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eral  quantities  and  follow  with  one  to  four  teaspoonfuls  of 
sweet  oil,  milk,  or  the  whites  of  three  or  four  eggs  and  some 
ice.  (If  vomiting  occurs,  aid  it  by  giving  liberal  draughts 
of  lukewarm  water.) 

GEXERAI.   IXFORMATIOX 

Ammonia  gas  is  lighter  than  air  and,  being  released,  rises. 
Therefore,  in  case  of  accident,  keep  your  head  as  low  as  pos- 
sible. 

On  going  to  the  rescue  of  one  overcome  by  ammonia  gas 
keep  near  the  floor  and  place  a  wet  sponge  or  cloth  over  the 
mouth  and  nostrils.  "Water  will  absorb  the  gas  and  prevent 
its  inhalation. 

Keep  the  following  supplies  on  hand  in  a  clean  and  easily 
accessible  cabinet; 

A  1  per  cent,  solution  of  pure  boric  acid,  one  bottle  of 
clean,  plain  vaseline,  one  package  of  surgeon's  lint  or  muslin, 
a  package  of  plain  gauze,  one  pint  of  best  quality  vinegar, 
one  pint  of  sweet  oil,  and  one  pint  of  carron  oil  (linseed  oil 
and  lime  water,  equal  parts). 


By  Fkaxk  Richards 

Tbo  accompanying  ilhistratiou  shows  an  air  compressor 
at  the  Hollenbeck  colliery  of  the  Lehigh  &  VTilkes-Barrc 
Coal  Co.    The  machine  is  self-contained,  with  high-pres- 


ing  up  and  looking  over.  For  three  or  four  years  past 
the  machine  has  been  too  small  for  the  work  and  has 
been  run  at  a  speed  of  from  170  to  225  r.p.m. — 600  ft. 
piston  speed. 

The  engineer  of  the  power  house  states  that  the  cylin- 
ders have  not  been  rebored,  and  that  the  compressor  is 
still  fitted  with  the  same  pistons  and  piston  rings,  as 
when  shipped  from  the  factory.  The  discharge  valves  and 
discharge-valve  springs  have  been  renewed,  some  of  them 
having  been  in  service  for  five  or  six  years.  There  has 
never  been  any  delay  at  this  colliery  that  could  be  at- 
tributed to  the  compres.sor. 

This  machine  has  recently  been  replaced  by  a  com- 
pressor of  much  larger  capacity.  Wlien  the  change  was 
made  it  was  ])icked  off  its  foundations  and  placed  on 
the  power-house  floor  upon  three  12.\6-in.  timbers  as 
sliown,  without  bolts  or  fastening  of  any  kind,  the  pipe 
connections  were  made,  and  the  compressor  was  started 
up  and  is  still  running  at  its  highest  speed. 

The  illustration  shows  the  compressor  running,  as  is 
indicated  by  the  disappearance  of  the  flywheel  arms, 
but  the  governor  is  not  running,  as  the  driving  chain  is 
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sure  steam  cylinders  and  two-stage  air  cylinders,  the  di- 
ameter of  the  former  being  13  in.  and  the  latter  18  in. 
and  11  in.,  with  a  common  stroke  of  16  in.;  the  theo- 
retical free-air  capacity  at  150  r.p.m.  being  704  cu.ft. 
per  min. 

This  compressor  was  shipped  on  June  27,  1905,  and 
■was  immediately  set  up  and  put  to  work.  Since  then  it 
has  been  operated  continuously  24  hours  per  day  with  the 
exception  of  a  regular  stoppage  of  two  hours  on  Sunday 
for  inspecting  the  discharge  valves  and  a  general  clean- 


not  in  place.    The  sharpness  of  detail  shows  the  absence 
of  jar  or  vibration. 

The  machine  has  had  the  best  of  care  and  systematic 
inspection.  The  oil,  for  instance,  has  been  taken  out  of 
the  crank  cases  and  filtered  every  three  weeks  and  make- 
up oil  added.  Beyond  this  care,  the  engineers  have  ex- 
ercised the  happy  facultj',  sometimes  painfully  lacking,  of 
letting  well  enough  alone  and  giving  things  a  fair 
chance.  For  the  information  here  presented  the  author 
is  indebted  to  William  Wilhelm,  of  Philadelphia. 


September  15,  191-i 


P  0  W  E  E 


369 


Sectrically 

1Q 


^rs^ted  S4( 


"re 


mT( 


©r 


By  Ernest  Giles 


The  regulator  described  herewith  has  beeu  in  constant 
use  24  hr.  a  day,  six  days  a  week,  for  over  four  years 
ill  the  news-paper  mills  of  the  Fineh-Pruyn  Co.,  Inc., 
Glens  Falls,  N.  Y.,  on  its  largest  machine,  and  has 
proved  so  satisfactory  that  another  machine  is  to  be 
equipped  with  a  similar  regulator. 

The  machines,  previous  to  the  installation  of  the  elec- 
tric regulator,  were  each  equipped  with  a  hydraulic  reg- 
ulator, which  gave  fair  satisfaction,  but  would  go 
out  of  commission  every  time  the  water  pressure  was 
turned  oif,  therefore,  as  the  electric  service  M'as  depend- 
able, an  electric  regulator  was  desirable. 

In  paper-mill  jiractice,  the  engine  driving  the  ma- 
chine  exhausts   into  the  machine   dryers  and  furnishes 
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Fro.    1.       Al!I!AXCIEMENT  OF  THE   ExHAUST  AND  LlVE- 

Steam-Valve   Coxtuol 

most,  if  not  all,  of  the  steam  heat  used.     Fnder  some 
conditions  live  steam  is  necessary  to  help  out. 

Fig.  1  shows  the  arrangement  of  the  exhaust-  and 
live-steam  valves,  also  the  manner  of  connecting  thcni 
jointly  with  a  caliie,  so  tiiat  no  live  steam  will  be  used 
unless  the  exhaust  from  the  engine  should  be  insullicient. 
I'he  exhaust  valve  is  lield  closed  by  a  heavy  weight  attached 
to  the  valve  lever,  to  which  one  end  of  the  cable  is  at- 
taclied  and  then  passed  over  a  fixed  and  a  movable  sheave 
with  an  up-and-down  travel ;  then  over  two  more  fixed 
hheavcs  connecting  to  the  live-steam  valve  lever.  This 
valve  is  free  to  open  with  the  pressure  as  the  cable  be- 
(onies  slack  by  an  u])ward  travel  of  the  movable  sheaves, 
llie  exhaust  valve  remaining  closed.  A  downward  travel 
of  the  movable  sheaves  will  first  close  the  live-steam 
valve  and  then  open  tlu;  exhaust  valve.  The  exhaust 
cannot  be  opened  until  the  live-steam  valve  is  closed,  as 
llie  weight  11'  on  tlie  exhaust  is  sufficient  to  hold  the 
live  steam  closed. 


The  illustration  shows  the  arrangement  of  the  dia- 
phragm weight  lever,  which  adjusts  the  pressure  to  the 
amount  required:  this  lever  also  carries  the  contact  A, 
which  has  an  up-and-down  movement  with  the  lever. 

Below  and  above  the  contact  A  are  B  and  C,  which 
are  moved  up  and  dowm  by  the  travel  of  the  movable 
sheaves,  connected  in  the  valve-operating  cable,  and 
serve  to  compensate  the  regulator.  These  contacts  are 
mounted  on  the  ends  of  armatures,  which  also  have  a 
slight  up-and-down  movement,  being  operated  by  small 
electro-magnets,  one  just  below  the  upper  and  one  just 
above  the  lower  contact.  Any  current  passing  through 
them  must  also  pass  through  the  small  electro-magnets, 
thus  drawing  the  contacts  B  or  0  to  a  closer  connection 
with  A.  This  is  necessary,  otlierwise  the  contact  would 
be  poor  and  unsatisfactory,  due  to  the  light  pressure  ex- 
erted by  A  in  closing  against  B  or  C. 

The  contact  A  will  always  have  a  slight  movement  up 
and  down,  due  to  the  engine  exhaust  (the  regulator  dia- 
phragm is  connected  to  the  dryers  to  which  the  engine 
exliausts),  which  would  aggravate  the  poor  contact  of  A. 
This  fault  is  overcome  by  the  arrangement  shown. 

The  weight  D  hanging  from  the  compensating  ar- 
rangement prevents  all  lost  motion  and  lowers  the  con- 
tacts B  and  C  when  the  movable  sheaves  E  travel  up- 
ward. The  weight  F  is  to  hold  the  cord  tight,  thereljy 
keeping  it  on  the  sheaves  wdien  moving  the  regulator  by 
hand  and  the  steam  is  off;  also,  while  inspecting  the 
apparatus  when  the  paper  machine  is  not  running. 

Excessive  pressure  in  the  dryers  will  blow  the  exhaust 
valve  G  open,  the  weights  being  proportioned  to  admit 
of  such  action. 

The  relay  H  is  an  electrically  ojjerated  reversing 
switch,  and  serves  to  start  the  motor  in  either  direction 
and  to  o])en  the  motor  circuit  at  the  proper  time.  It 
is  controlled  by  tlie  contact  .1,  There  are  two  solenoids, 
one  on  either  end  of  a  lever  and  connected  to  it  through 
their  plungers  by  flat  flexible  springs,  as  shown.  The 
lever  rests  on  two  knife  edges  indicated  by  the  two  small 
arrows  and  so  i)laced  that  when  no  current  is  flowing 
through  either  coil  the  lever  stands  in  the  position  shown, 
with  the  motor  circuit  open  in  two  places. 

Relay  contacts  .7  and  A'  are  hinged  and  make  jnsl 
liefore  L  or  M,  which  is  necessary  to  allow  for  any  slight 
wear  of  the  l/^-in.  contact  carbons. 

The  cable  control  ,A'  consists  of  a  shaft  carrying  a 
light  wooden  |)uiley  belted  to  the  motor  and  a  worm 
which  meshes  with  a  wheel  on  another  shaft  carrying 
a  drum  upon  which  the  free  end  of  the  lower  controlling 
cable  is  wound  oi'  unwound.  It  is  driven  by  a  small 
series  wound  fan  motor. 

The  operation  of  the  system  is  as  follows:  Consider 
that  the  steam  pressure  under  the  diaphragm  0  has  been 
holding  the  weighted  arm  in  the  position  shown,  but  for 
some  reason  it  drops  a  little;  the  balance  arm  will  then 
lower,  carrying  with  it  the  contact  A  until  it  makes  con- 
tact with  //.  'J'lii'  path  of  the  current  will  be  through 
A  to  H  and  then  through  the  magnet  /',  whiili  will  in- 
stantly hold  B  in  contact  with  .1.     From  P  the  current 
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will  flow  through  tlie  relay  coil  R,  closing  the  relay 
contacts  iS'  and  T  against  L  and  J. 

With  tliis  position  of  relay  contacts  there  is  a  path 
tlnoiigh  the  motor  fields  to  tlie  contacts  L  and  .S'  to  the 
left-hand  armature  lead,  through  the  motor  armature, 
and  then  to  the  contacts  T  and  J  and  to  the  line.  This 
will  start  the  motor  in  the  direction  to  unwind  some  of 
the  cable  Mound  on  the  drum  N  which  allows  the  mov- 
able sheaves  E  to  rise.  The  slack  in  the  cable  connect- 
ing the  valves  will  be  taken  up  by  the  live-steam  valve, 
which  will  open  a  little. 

At  the  time  that  the  sheaves  E  move  upward  the 
contact  B  will  be  lowered,  breaking  contact  with  A, 
which  allows  the  relay  to  assume  its  normal  position  and 
shut  off  the  current  to  tlie  motor,  thus  stopping  any 
further  movement  of  the  valves.  If  this  movement  is 
not  enough  to  check  the  lowering  of  the  pressure  under 
the  diaphragm,  the  cycle  of  operation  will  be  repeated 
until   the  arm  again  assumes  a  balanced  position. 

Considering  that  the  pressure  rises  and  that  A  makes 
connection  with  C,  there  will  be  a  path  from  A  and  C 
and  the  magnet  coil  U  to  the  relay  coil  T",  causing  K,  ^X, 
X  and  M  to  make  contact.  The  circuit  wiU  then  be 
starting  with  the  right-field  coil  through  the  motor  fields 
to  M  and  X  through  tlie  right-hand  armature  lead  11' 
and  contact  K  and  to  the  line.  The  motor  will  then  run  in 
the  opposite  direction  and  will  wind  the  cable  on  the  drum 
N.  This  causes  the  movable  sheaves  E  to  lower,  which 
\n\\  take  up  the  cable  connecting  the  valves  and  close 
the  live-steam  valve  if  it  should  bo  open ;  if  it  is  closed, 
it  will  open  the  exhaust  valve  a  little,  because  when  tlie 
sheaves  E  move  downward  tliey  cause  tlie  contact  G  to 
move  upward,  breaking  connection  with  A  and  opening 
the  circuit  through  the  relay  coil  V.  This  causes  the 
relay  to  assume  its  normal  position,  opening  the  motor 


rhmble        Corrlack 


A  dashpot  is  used.  Perhaps  the  greatest  difference  in 
the  two  regulators  lies  in  the  manner  of  imparting  power 
to  the  valve  cables  and  in  the  type  of  motor. 

With  the  regulator,  Fig.  3,  there  is  a  three-phase  motoi' 
directly  connected  to  a  lever  to  work  the  cable,  through 
a  train  of  gears  in  an  oil-tight  case.  This  does  away 
with  the  necessity  of  belting  the  motor  and  also  with  a 
drum  to  wind  and  unwind  the  cable  controlling  the 
valves. 

In  considering  the  action  of  the  regulator,  starting  at 


f 


Relay  Conflicts 


Fig.  2.  The  Ijipkoved  Regulator 


'^"'-''  .i-PhaieLtne-- 

Fig.  ;>.  Wiring  of  the  Three-Phase  Motor 

the  motor,  the  action  of  the  contacts  and  the  relay  is 
the  same  as  has  been  described.  The  motor  is  connected 
to  a  screw  D  through  the  gears  shown,  there  being  a 
flexil:ile  coupling  between  the  motor  and  gear  shaft.  The 
screw  D  carries  a  nut  to  which  the  lever  A  is  attached 
and  serves  to  move  the  lever  up  and  down. 

Lever  A  is  pivoted  at  tlie  left  end  to  a  link  which  is 
fast  to  the  bottom  of  the  case,  which  contiiins  all  the 
parts. 

At  the  right  of  the  lever  .1  is  attached  the  rod  C  which 
works  the  valves,  its  operation  being  the  same  as  the 
other  regulator. 

The  lever  B  is  pivoted  at  the  right  end  to  a  link  made 
fast  at  the  top  of  the  regulator  case  and  at  the  left  to 
the  lever  A  at  one  of  the  numerous  holes  shown,  thus 
increasing  or  diminishing  the  amount  of  comiJensation. 
Once  jn-operly  adjusted,  it  need  not  be  changed. 

If  the  pressure  drops,  the  motor  will  be  started  by 
the  action  of  contacts  A  and  B,  Fig.  1,  in  a  direction 
to  move  the  nut  down  on  the  screw  D  carrying  with  it 
the  lever  A,  which  will  lower  B  until  the  contact  B 
breaks  with  A,  stopping  the  motor.  If  the  pressure 
rises,  the  reverse  will  take  place. 

The  wiring  of  the  three-phase  motor  is  shown  in  Fig. 
3.  This  motor  is  wound  for  40  cycles,  220  volts,  and  is 
rated  at  V<.  hp.  at  1160  r.p.m.  One  wire  from  the  three- 
phase  supply  runs  direct  to  the  motor  and  is  not  opened 
at  any  time.  The  direction  of  rotation  of  the  motor  is 
changed  by  reversing  the  two  line  wires  going  to  the 
relav. 


circuit  and  stopping  the  motor.  If  the  pressure  still 
goes  up  a  little,  this  cycle  of  operation  will  be  repeated 
imtil  a  balance  is  obtained  at  the  weighted  balance  arm. 

The  amoimt  of  compensation,  however,  has  been  so 
proportioned  that  more  than  one  movement  of  the  valves 
seldom  occurs,  immediately  following  another.  The  reg- 
ulator to  be  used  on  the  other  machine,  while  essentially 
the  same  so  far  as  operation  is  concerned,  varies  me- 
chanically. 

The  aiTangement  of  the  diaphragm  lever  and  its  mov- 
able weight  is  practically  the  same,  as  are  the  contacts. 


Decoration  Inflnence  niumlnation — The  reason  the  color 
of  the  interior  of  a  room  influences  its  illumination  is  that 
an  object  absorbs  rays  of  ligrht  of  a  color  different  from  its 
own  and  reflects  the  rays  similar  to  its  own.  Grass,  for  ex- 
ample, reflects  the  rays  of  green  in  the  sunlight  and  absorbs 
most  others.  Therefore  it  is  a  poor  reflector  of  sunlight. 
Hence,  the  necessity  of  ascertaining  the  qualitj- — the  color 
composition — of  a  source  of  light  and  decorating  in  colors 
similar  to  those  predominating  in   the   light. 


Relative  Stralu  on  Boiler  Seams — It  is  well  to  remember 
that  the  strain  on  a  unit  section  in  a  longitudinal  direction 
(lengthwise)  on  a  boiler  of  any  given  size  is  just  one-half 
that  in  a  circumferencial  direction. 
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SYNOPSIS — Necessity  often  causes  unusual  means  to 

he  resorted   to  and  produces   modification  in   types  of 

machines  used.    A  few  of  these  are  shewn  and  described. 

W. 

Many  times  the  tools  and  machines  for  doing  re]iair 
work  about  a  power  plant  ])rove  interesting  by  reason 
of  the  skill  and  ingenuity  displayed  in  their  arrange- 
ment and  use  in  cases  of  emergency. 

Fig.  1  is  a  general  view  of  such  a  shop.     The  e(juip- 


uormal  position  so  that  they  extended  beyond  the  rear 
end  of  the  machine,  and  the  pipe  was  laid  on  the  toj) 
of  a  shipping  box  to  which  slant  cleats  had  been  nailed. 
The  dark  line  on  the  inside  of  the  pipe  is  the  saw  cut, 
and  it  will  be  seen  that  the  saw  hardly  reached  through 
the  wall  of  the  pipe  before  the  ends  of  the  frame  begai! 
to  strike  at  each  stroke ;  therefore  tlie  pipe  had  to  bo  ro- 
tated slightly  at  frequent  intervals  with  a  monkey-wrench 
on   the   end   of  the   pipe,   and   since   no   clamping   was 


Fig.  1.  General  View  op  a  Private  Eepaie  Shop 


ment  is  a  IG-in.  swing  lathe  driven  by  an  old  veteran 
of  a  molor  to  be  seen  in  the  corner;  an  emery  grinder 
driven  by  an  independent  motor,  and  a  drill  press  driven 
by  a  small  inotor,  to  l)e  seen  on  toj)  of  the  machine.  At 
the  time  this  photograph  was  taken,  an  interesting  job 
was  under  way  on  the  liacksaw  in  the  foreground,  i.e., 
a  14-in.  pipe  l)eing  cut  to  length  with  a  hacksaw.  The 
largest  lathe  would  just  swing  a  iiipe  of  this  size  over 
tlio  ways  and  not  permit  the  tool  carriage  to  be  used 
for  cutting  off,  but  when  llie  pi])c  was  cut  to  length,  it 
could  then  be  threaded  from  the  end  with  an  oirset  tool. 

It  was  a  matter  of  choice  whether  the  work  flbould  be 
done  on  the  premises,  where  the  threads  had  lo  jiiateh 
a  bad  lot  of  flanges,  or  shi])  them  40  miles  and  back  to 
have  the  work  done  in  another  sho]). 

The  saw  frame  and   jriiide   were   reversed    from   their 


necessary,  this  could  be  done  while  the  saw  was  in  mo- 
tion. It  was  found  best  to  allow  tlie  ])ipe  to  rest  on  the 
edge  of  the  box  rather  than  in  the  A^-notch  formed  by 
the  cleats,  and  the  slight  motion  taken  up  by  a  wedge, 
because  in  that  way  the  pipe  was  always  level. 

The  actual  time  required  to  thus  cut  a  pipe  was  less 
probably  than  would  have  l)een  necessary  to  center  and 
cut  it  off  with  a  tool  in  a  lathe.  The  clutch  pulley  on 
the  saws  so  obviated  the  necessity  for  shifting  the  belt 
that  the  motor  set  directly  below  the  shaft  needed  the 
standard-width  pulley  only.  A  flexible  cord  to  a  lamp 
socket  was  used  so  that  the  whole  machine  could  bi; 
siiifted  to  suit  the  work. 

Fig.  2  shows  the  compact  arrangement  wherel)y  one 
motor  drives  an  emery  grinder  and  a  small  drill  press, 
making  n  bandv  combiiuition  for  power-house  work. 
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Fig.  3  shows  a  motor-driven,  6-in.  pipe-threading  ma- 
cliinc.  The  motor  is  mounted  above  the  machine  on 
studs  similar  to  iho  others,  wliich  will  be  described  later. 


Tk,.  :1.  a  C'jmi'a.  t  UxiT 


Fig.  3.  A  Six-Ixch  PiPE-:\r  vchine  Drive 


Figs.  4  and  5.  Ukique  Drive  on  a  Pipe  Machine 
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and  drives  the  clutch  pulley  on  the  machine.  Allien 
Ijought  llie  machine  was  intended  to  be  driven  in  the 
regular  way;  that  i*,  the  motor  was  to  be  belted  to  a 
countershaft,  which  was  belted  to  another  by  a  straight 
and  crossed  belt,  and  from  this  second  countershaft  to 
the  machine.  The  advantages  are  obvious  in  dispensing 
with  three  of  the  four  belts,  and  the  one  remaining  can 
be  tightened  at  will  by  lifting  the  motor.  When  it  is 
necessary  to  reverse  the  machine,  which  is  not  fre- 
quent, a  double-tlirow  switch  on  the  field  lines  is  used. 

Probably  the  most  interesting  of  the  group  are  Figs. 
1  and  5,  which  show  a  motor  drive  on  an  old-style 
Saunders  pipe  machine  for  sizes  up  to  2  in.  The  head 
stock  was  reversed  to  get  tlie  drive  away  from  the  oper- 
ator, and  it  was  also  set  over  on  its  base  21/2  in.  toward 
the  operator's  side  to  equalize  the  weight  and  to  avoid 
too  much  overhang.  A  3-in.  channel  iron  was  used  for 
tliis  purpose,  making  a  rigid  support  for  the  outboard 
bearing.  The  drive  has  a  planetary  transmission  of  the 
familiar  type  used  on  automobiles,  a  gear  reduction  of 
3  to  1  on  the  forward  and  slow  reverse,  and  a  high- 
speed reverse  to  be  used  after  the  die  is  slightly  freed 
by  about  one  full  turn  back  at  slow  speed.  All  the  mo- 
tions are  controlled  by  a  single  lever  and  witliout  revers- 
ing the  motor.  This  lever  is  shifted  toward  the  die- 
carriage  for  threading,  and  in  the  opposite  direction  for 
backing  out;  in  the  central  position  it  is  pulled  sidewise 
for  high-speed  backing  out.  All  the  motions  are  friction- 
clutch  controlled,  therefore  no  sudden  shock  is  thrown 
on  the  gears  or  motor  and  no  two  clutches  can  be  en- 
gaged at  the  same  time.  A  high-speed  motor  was  se- 
lected on  account  of  its  light  weight. 

The  gear  reduction  allows  high  belt  speed  without 
having  to  use  large  pulleys.  The  motor  is  mounted  on 
the  frame  almost  directly  below  the  drive  shaft  on  four 
adjusting  studs,  being  raised  or  lowered  on  these  studs 
to  adjust  the  belt  tension,  and  held  in  position  by  lock- 
nuts.  The  illustrations  show  the  method  of  mounting 
these  motors,  which  has  proved  satisfactory  in  sizes 
up  to  25  kw.  As  the  whole  outfit  is  mounted  on  the 
same  stand,  it  is  easily  transferred  from  one  job  to  an- 
other and  need  not  be  bolted  down. 
•*■ 

Weis*  MeasureiBneinit  ©f  Coiadleini= 
sate  and  M£^Re^ap 

An  interesting  application  of  tlue  liquid  meter,  which 
in  this  case  is  the  Lea  V-notch  recorder,  is  that  for  meas- 
uring the  different  sources  of  the  total  boiler-feed  water 
in  a  plant  operating  condensing  and  using  economizers. 
There  are  three  recorders  mounted  on  a  meter  tank  de- 
signed for  that  many,  the  tank  being  planned  on  a  closed 
heater  section. 

The  idea  of  the  multiple  recorder  apparatus  is  to 
measure  the  discharge  from  more  than  one  source.  For 
example,  in  this  plant  there  are  two  condensing  turbin/^s, 
therefore  there  is  a  recorder  and  its  hotwell  to  measure 
the  condensate  from  each  turbine  separately;  tlie  third 
recorder  measures  the  makeup  water.  A  balanced  con- 
trol valve  in  the  makeup  water  line,  operated  by  the 
usual  float  and  k-ver  in  the  main  hotwell  below  the  me- 
ters, automatically  admits  the  necessarj'  amount  of  make- 
up when  there  is  not  enough  condensate  returning  to  feed 
the  boilers.  The  feed  pump  draws  its  supply  directly 
from  the  bottom  of  the  hotwell. 


As  it  is  desirable  to  have  the  feed  water  enter  the 
economizers  at  150  to  160  deg.,  to  prevent  sweating  of 
the  tubes,  and  as  the  condensate  leaves  the  condensers 
at  between  80  and  90  deg.  P.  and  the  makeup  water  en- 
ters the  hotwell  at  a  considerably  lower  temperature 
(usually  dependent  upon  the  outside  atmospheric  tem- 
perature), it  becomes  necessary  to  introduce  a  heating 
element  to  raise  the  temperature  of  the  boiler  feed  to 
the  proper  entering  temperature  for  the  economizers. 
This  condition  has  been  met  by  introducing  in  the  hot- 
well  of  the  meter  a  tubular  heater,  which  receives  ex- 
haust steam  from  the  boiler-feed  jjump  or  some  other 
auxiliary. 

In  the  Hartford  Medical  School,  Boston,  Mass.,  this 
application  of  the  recorder  is  used  to  measure  returns 
from  three  different  Ijuildings. 

The  special  feature  of  this  valve  is  that  a  ball  of  hard- 
rolled  brass  or  noncorrodible  nickel  steel  is  iised,  as  illus- 
trated, instead  of  an  ordinary  disk.     The  ball  is  held 


Faeeell  Ball  Valve 

loosely  by  the  claws  which  rest  and  revolve  freely  on  a 
ilange  on  tlie  end  of  the  spindle,  the  flanged  end  of  which 
is  concaved  and  bears  directly  on  the  top  of  the  ball, 
holding  it  rigidly  on  the  valve  .seat  when  closed. 

This  bronze  valve,  in  pipe  sizes  from  y-y  to  2  in.,  is 
made  by  the  Pratt  &  Cady  Co.,  Inc.,  Hartford,  Conn. 
'». 

Evidence  of  Karnent  Ellort  In  the  Cnuae  of  Smoke  Abate- 
ment— About  60  lallio.'jd  executives  met  on  Aug-.  4,  ;it  the  caU 
of  Chief  J.  W.  HenJerson,  of  the  division  of  smoke  inspection 
In  Pittsburgh,  to  find  out  what  the  riillroads  are  doinp  to 
abate  smoke  in  that  city.  Three  months  ago  men  were  ap- 
pointed to  watch  the  different  engine  crews  and  the  result 
has  been  that  it  was  decided  that  the  success  of  the  plan 
remains  with  the  engine  crews,  and  that  it  is  up  to  them  to 
hold  the  smoke  emitted  to  the  minimum.  Progress  is  un- 
doubtedly being  made  In  this  city  In  the  smoke-abatement 
problem. 
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In  some  recent  turbine  installations,  and  in  the  case 
of  some  machines  in  the  process  of  construction,  two 
cylinders  have  been  employed  for  a  single  turbine-gen- 
erator unit,  the  steam  passing  serially  through  the  tur- 
bine elements  as  in  a  two-stage  compound  engine.  In 
some  instances,  the  turbine  elements  have  been  arranged 
tandem  fashion,  coupled  to  a  single  generator,  and  other 
units  not  vet  in  operation  will  comprise  two  turbine 
elements  driving  separate  generators.  By  many  this 
will  no  doubt  be  regarded  as  a  strange  proceeding  and 
a  retrogression  to  obsolete  practice,  inasmuch  as  several 
tandem-compound  machines  of  from  1000  to  2000-kw. 
capacitj'  were  built  in  tliis  country  as  far  back  as  1900, 
siibsequent  to  which  the  design  was  abandoned.  These 
old  two-cylinder  turbines  have  all  proved  remarkably 
economical  machines,  and  are  still  performing  excellently 
from  everv  standpoint,  except  where  they  have  been 
replaced  with  machines  of  greater  capacity. 


This  single-cylinder  Hartford  machine  was  very  much 
the  largest  turbine  that  had  been  attempted,  and  excited 
considerable  comment,  particularly  among  European 
turbine  builders,  it  being  regarded  by  them  as  a  big  un- 
dertaking to  construct  a  machine  of  such  large  capacity 
in  a  single  cylinder.  The  effect  of  the  Hartford  installa- 
tion was  to  very  materially  increase  the  range  of  capacity 
in  single-cvlinder  turbine  construction  on  both  sides  of 
the  Atlantic.  At  the  same  time,  engineers  in  this 
country  were  much  impressed  by  the  simplicity  and 
safety  of  construction  oifered  l)y  the  double-cylinder  de- 
sign, which  resulted  in  about  16  machines  being  built 
by  the  "Westinghouse  Machine  Co.,  ranging  in  capacity 
from  1000  to  2000  kw.,  operating  at  speeds  of  from 
1200  to  1800  r.p.m. 

There  was  an  additional  reason  which  led  certain  en- 
gineers to  the  two-cylinder  design  at  that  time,  viz.,  tlie 
fact  that  reheatcrs  were  verv  fashionable  among  buiklcrs 


30,000-Kw.    WESTixGiiorsE-PAESOxs    Steaii-Turbixe-Drivex   Uxit 

The  single-flow  high-pressure   section   runs  at  1500  and  the  double-flow  low-pressure  section  at  750  revolutions  per  minute 


Many  of  the  reasons  which  have  led  to  the  present 
adoption  of  tlie  two-cylinder  construction  are  tlie  same 
as  dictated  tliat  design  in  the  past. 

Up  to  1900  few  turbines  had  been  constructed  of 
greater  capacity  than  500  kw.  At  that  tune,  however, 
a  machine  of  approximately  2000-k\f.  capacity,  oper- 
ating at  1200  r.p.m.,  which  was  constructed  with  but  a 
single  cylinder,  was  installed  at  the  plant  of  the  Hart- 
ford (Conn.)  Electric  Light  Co.  Simultaneously,  a 
macliine  of  1000-kw.  capacity,  in  which  the  expansion 
was  carried  out  in  two  separate  turbine  elements  ar- 
ranged turbine  fashion,  was  built  by  C.  A.  Parsons  & 
Co.  for  the  Elberfield  Corporation  of  Germany.  The 
results  obtained  on  these  two  machines  are  reported  to 
have  been  as  follows: 

Elberfield  Hartford 

Turbine  Turbine 

1250  kw Load 199S  kw. 

145  lb Steam    pressure ISo   lb. 

18.5°   F Superheat »5      F. 

28.1   In Vacuum 27.3  in. 

19.6  lb Steam  consumption  per  kw.-hr 19.1  lb. 

•Knsineer  turbine   depnrtment.   "U'estinsrhouse   Machine   Co. 


of  reciprocating  engines.  However,  for  such  sizes  of 
machines  the  two-cylinder  construction  was  soon  aban- 
boned  because  of  the  enormous  length  of  the  units  and 
their  greater  cost ;  a  12.50-kw.  turbine-generator  imit  was 
43  ft.  6  in.  long.  Single-CA'linder  machines  have  now 
been  successfully  built  up  to  20,000-kw,  capacity,  al- 
though the  advantages  of 'the  two-cylinder  construction 
have  been  fully  appreciated  for  large-size  machines,  and 
still  are,  if  for  no  other  reason  th  :n  tliat  either  element 
of  a  compound  tuvljine  deals  with  substantially  half  the 
heat  drop,  and  consequently  is  not  subjected  to  me- 
chanical limitations.  Xo  compromises  to  tlie  blade  dis- 
tribution or  nmnber  of  turbine  elements  employed  need 
1)6  made  for  mechanical  or  structural  reasons.  The  ad- 
vantages of  the  two-cylinder  construction  might  be  enum- 
erated as  follows,  these  reasons  havhig  more  force  the 
larger  the  capacity  of  the  machine: 
1 — Smaller  cylinder  structure. 

2 — Smaller  temperature  range  witliin  a  single  cylinder, 
3 — Xo   limitations   to  the   design  preventing  the  at- 
tainment of  tlie  liighest  efficiency. 
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4 — Toesibility  of  separating  iik.hsHhc  miilway  in  the 
expansion  of  tlie  steam. 

In  the  case  of  machines  of  20.()i)(i-]£\v.  capacity  or 
ahove,  intended  for  operation  in  large  power  honses 
wht're  the  units,  if  operating  at  all,  are  running  at  or 
near  their  most  efBcient  load,  considerable  capital  in- 
vestment is  «an-antcd  for  the  sake  of  a  comparatively 
small  actual  gain  in  steam  consumption;  and  for  a  imit 
III'  such  capacity  it  is  considered  that  the  greater  initial 
cost  of  the  two-cylindi'r  coiistrnction  is  entirely  war- 
ranted. 

In  tlie  instance  of  some  ;!it.<>00-kw.  turbines  about  to 
be  installed,  an  innovation  in  two-cylinder  construction 
has  been  made  in  having  each  turbine  element  drive  a 
separate  generator,  each  operating  at  a  different 
synchronous  s])eed,  the  speed  selected  being  that  which 
will  permit  the  design  of  turbine  best  adapted  for  the 
expansion  range  involved.  In  any  turbine  designed  to 
completely  expand  the  steam,  the  low-jiressure  l)lading 
limits  the  capacity.  Considerations  of  centrifugal  force 
limit  the  diameter  of  the  last  disk  or  drum.  With  this 
at  a  given  diameter,  there  is  a  limiting  dimension  -of 
blade  which  may  l)e  employed.  A  blade  height  of  15 
per  cent.,  or  at  most  20  per  cent.,  of  the  diameter  of  the 
di'um  is  not  exceeded.  To  do  so  involves  losses  due  to 
the  disparity  of  tip  speed  and  root  speed  of  the  blades, 
there  being  no  steam  speeds  to  best  s:;tisfy  the  two  ex- 
tremes. AVith  the  given  dimensions  of  blade  passages, 
the  weight  of  steam  which  may  be  passed  depends  on 
the  desired  limit  of  expansion,  i.e.,  the  vacuum  to  which 
the  turbine  is  to  exjjand  and  the  desired  velocity  of 
steam,  which  latter  should  bear  a  definite  ratio  to  the 
blade  speed. 

In  the  case  of  j-eaction  machines  designed  for  high 
vacuum,  and  with  blade  si)eeds  of  400  ft.  per  second  or 
more,  it  is  customary  to  proportion  them  so  that  the 
steam  velocity  in  the  last  row  of  blades  approaches  the 
critical  jioint  at  full  load.  This  so  called  critical  velocity 
is  the  highest  ()litainal)le  with  a  rounded  orifice  and  with- 
out recourse  to  diverging  nozzles.  This  critical  velocity 
varies  from  al)ont  l.TOO  ft.  per  second  in  the  case  of  high- 
pressure  ranges  fo  about  1200  ft.  per  second  for  exhaust 
conditions.  It  is  the  point  of  expansion  in  a  nozzle 
where  the  rate  of  increase  of  steam  volume  is  equal  to 
the  rate-  of  increase  of  velocity.  Above  this  point,  the 
velocity  increa.sos  more  rapidly  than  the  volume,  and 
below  it  the  volume  increases  moi-e  rajudly  than  the  ve- 
locity. 

While  tlie  limitation  of  turbine  cajiacity  at  the  lnw- 
pressure  end  is  that  of  jiroviding  area  on  account  of  tlic 
large  number  of  expansions  involved,  t!ie  problem  at  the 
high-pressure  end  of  the  turbine  is  in  dealing  efficiently 
with  the  very  minute  volumes  of  steam  there  involved. 
Plainly,  therefore,  the  best  speed  ha\iug  been  selected 
for  the  low-pressure  portion,  the  design  of  the  liigh- 
prcssure  portion  is  very  much  simjilified  by  being  able 
to  employ  a  higher  rotative  speed.  Hence  for  the 
30,0(Mi-kw.  machines,  the  high-jiressure  turbine  is  a 
single-flow  reaction  element  operating  at  1  ."OO  r.]i.m., 
while  the  low-j)ressure  is  a  double-flow  machine  ojier- 
ating  at  1.50  r.j).m.,  the  general  dcrign  being  styi'd 
"cross-compound"  unit,  the  general  aj)|)earance  of  which 
is  shown  in  the  illustration.  The  dilToreuce  in  electi'ical 
efficiency  between  a  single  unit  of  ,'50,000  kw.  and  a 
30,000-kw.    machine    comprising    two    clKmcnts     is    not 


material  ajid  i>  far  more  than  offset  by  the  advantages 
to  the  turbine  of  the  two  rotative  speeds.  This  cross- 
compound  principle  will  permit  of  turbines  being  de- 
signed in  wliat  are,  in  effect,  single  units  up  to  .50,000 
or  100,000  kw.  capacity,  should  machines  of  such  large 
capacities  be  required.  In  the  case  of  such  sizes,  three 
stages  would   probably  be   employed. 


By  Jesse  L.  Best 

One  of  the  numerous  leaks  that  may  exist  in  a  power 
plant  is  the  loss  of  lubricating  oil  from  auxiliary  bearings' 
such  as  a  small  steam  turbine,  especially  when  it  is  oper- 
ating under  high  back  pressure.  The  same  applies  to 
pumps  having  packing  glands  close  to  the  bearings.  Usu- 
ally, thfse  machines  are  equipped  with  good  ring  oiling 
bearings  requiring  little  attention,  but  if  a  leak  should  de- 
velop, unnoticed  at  once  by  the  operator,  the  oil  will 
soon  be  flooded  out  and  then  there  is  a  hot  bearing  witli 
its  usual  accompaniment  of  wasted  oil,  and  in  some  case?, 
a  .shutdown  of  the  unit.  If  it  happens  often,  a  new 
bearing  is  required. 

In  a  certain  power  jilant  several  small  turbines  ojier- 
ating  on  back  pressures  of  from  2  to  15  lb.  had  been  giv- 
ing trouble   from   leaky   packing   glands.      Part   of    the 
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>1cam  blduing  iiild  the  liearings  and  lieiiig  condensed, 
would  raise  the  level  of  the  oil  in  the  bearing  and  flood 
it  out.  The  resulting  hot  bearing  was  annoying  and  ex- 
]iensive,  especially  as  the  units  were  required  to  operate 
twenty-four  hours  a  day. 

To  overcome  this  trouble  the  writer  connected  Vr'"- 
I'ipples  and  ells  to  a  hearing  as  shown  in  the  illustration. 
On  the  first  hearing  a  saving  of  I/2  "^^-  "^  "'1  P''''  "l".^' 
was  made,  and  in  a  week  this  paid  (ov  the  time  and  nui- 
ferinl.  In  addition  to  this  saving,  the  cost  of  attendance 
is  less  ami  the  service  more  continuous. 

.\s  the  illustration  shows,  the  idea  is  to  automaticilly 
drain  the  water  from  the  bottom  of  the  bearing  without 
taking  along  any  oil.  The  oil  level  cannot  be  any  higher 
than   the  overflow  or  top  nipple. 

'I'd  make  this  device  o])erate  most  eemioinieMlly,  the  pip- 
ing to  the  bottom  of  the  bearing  should  first  he  fillcil 
with  water;  then  oil  is  poured  into  the  bearing  up  to  the 
]n'o|ier  level.  ,\s  soon  as  any  \v;}\t'r  accumuhites  in  the 
I'.'aring  the  oil   level  will   teml   tn  rise  and  the  water  in 
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the   liottoin    of   ilio   liciiriiij:   will   he   forced    iput   lliroiifrli 
the  overflow. 

Beariugs  equipped  with  this  device  have  run  for  days 
Avithout  attention,  when  before  they  were  a  roiistaut 
source  of  anno3'ance.  It  takes  only  a  little  vapor  from 
the  packing  to  gradually  fill  up  a  bearing.  The  proper 
thing,  of  course,  is  to  keep  the  packings  in  first-class 
order,  but  the  above  jireeaution  can  be  taken  at  such 
small  expense  that  it  will  bo  found  worth  while. 


^oaleB'   ©la   gi   WeM  JDipalEeiP 


A  vertical  boiler  attached  to  a  Keystone  well  driller 
exploded  on  Aug.  13,  at  Leipsic,  Ohio,  sei-iously  injuring 
two  men  who  wer(»  standing  on  the  rear  platform  at  the 
time. 

The  boiloi'  ]i:id  not  liccn  in  use  for  abdiit  Iwo  years  and 
tiio  sheets  iuu!  corroded  almost  througli  in  some  places. 
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ru=CoaI  Sffimolle  as  ILetfal  N^isaimc 


By  a.  L.  H.   Streiot 


iSYNOPSL'^ — Merr>  dixcharge  of  dense  smol-p  ilors  luil. 
constitute  a  nmsanre.  Whether  a  property  owner  niaij 
enj&in  conti nuance  of  practice  or  recover  dama^ges  is 
largely  dependent  upon  location  and  other  particular 
tircu.m stances.  Power  of  cities  and  legislatures  to  im- 
pos-e  restrictions.  What  the  higher  courts  have  decided. 
;*! 

From  the  large  body  of  judicial  decisions  which  have 
been  announced  by  the  appellate  courts  of  the  country 
on  the  subject  of  the  remedies  of  individuals  and  the  pub- 
lic against  the  emission  of  smoke  from  power  plants,  the 
following  may  be  said  : 

The  .mere  fact  that  dense  smoke  is  emitted  from  a 
stack  does  not  constitute  an  actionable  nuisance.  "It 
only  becomes  a  nuisance,"  holds  the  Minnesota  Supreme 
Court,  "when  it  permeates  the  air  surrounding  people 
and  invades  their  residences  and  places  of  occupation." 
(State  vs.  Chicago,  Milwaukee  &  St.  Paul  Ry.  Co.,  130 
Northwestern  Reporter  54.5.)  A  similar  conclusion  has 
been  reached  by  the  courts  of  other  states.  The  degree 
of  freedom  from  smoke  in  the  atmosphere  to  which  one 
is  entitled  is  relative,  and  depends  on  the  locality  and  the 
prevailing  use  to  which  property  there  is  put.  AMiat 
might  constitute  a  nuisance  in  one  locality  would  be  what 
reasonably  might  be  anticipated  in  another.  Whether 
smoke  or  noise  constitutes  a  nuisance  depends  on  the  evi- 
dence in  each  particular  case.  (Iowa  Supreme  Court, 
118  Northmestern  Reporter  786.)  In  this  case  (McGill 
vs.  Pintsch  Compressing  Co.)  the  court,  finding  tiiat  the 


;!ir  must  lie  more  lioavily  bulcn  with  smoke  in  one  locality 
tlian  in  iuiother,  in  the  reasonable  enjoyment  of  prop- 
erty, declares:  "Only  when  an  unreasonable  amount  of 
smoke  is  emitted  or  is  emitted  in  an  unreasonable  man- 
ner so  as  to  inflict  injury  on  another  will  the  courts  in- 
terfere. There  is  no  precise  test  by  which  to  determine 
when  the  smoke  imparted  to  the  atmosphere  is  of  a 
greater  degree  than  is  permissible.  The  injury  must  be 
tangible.  Mere  annoyance  is  not  enough.  It  must  be 
such  as  to  render  the  occupancy  of  the  complainant's 
premises  physically  uncomfortable  to  a  person  of  or- 
dinary sensibilities  for  tlie  imrposcs  to  which  it  is  de- 
voted." 

'\'alidity  of  Laws  and  Ohdinanoes 

The  emission  of  dense  smoke  into  the  atmosphere  in 
populous  cities  may  be  declared  by  the  legislative  de- 
partment to  be  a  public  nuisance.  (Minnesota  Supreme 
Court,  130  Northwestern  Reporter  545.)  In  this  case 
the  court  upheld  the  validity  of  an  ordinance  of  the  city 
of  Minneapolis  which  prohibits  the  use  of  soft  coal  in 
traction  engines  and  locomotives  within  the  city.  It  was 
decided  that  the  ordinance  was  not  unconstitutional  as 
constituting  class  legislation,  because  it  did  not  extend 
to  stationary  engines,  since  there  is  a  difl'erence  in  the  i 
tendency  of  that  class  of  engines  to  produce  a  nuisance, 
and  since  the  city  had  taken  other  appropriate  steps  to 
prevent  emission  of  smoke  from  sfcitionary  plants.  The) 
Minnesota  court  said:  "It  is  elementary  that  the  legi.sla- 
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ture  camiDt  prevent  a  lawful  use  of  property  by  declaring 
a  eert-ain  use  to  be  a  nuisance  which  is  not  in  fact  a 
nuisance,  and  prohibiting  such  use.  On  the  other  hand, 
it  is  equally  clear  that  acts  or  conditions  which  are  detri- 
mental to  the  comfort  and  health  of  the  community  may 
be  effectively  declared  nuisances  by  the  legislature,  and 
the  fact  that  the  use  or  value  of  property  as  existing 
under  the  common  law  is  thereby  injuriously  affected 
does  not  necessarily  bring  such  legislative  action  within 
any  constitutional  prohibition." 

A  law  enacted  by  the  Xew  York  Legislature  in  189.5, 
providing  that  no  factory,  engine  room  or  electrical  sta- 
tion should  use  soft  coal  for  fuel  within  a  radius  of  four 
miles  of  the  Brooklyn  city  hall,  excejit  for  heating  and 
welding  iron  or  steel,  was  upheld  by  the  Appellate 
Division  of  the  Xew  York  Supreme  Court  as  being  a 
proper  exercise  of  the  state's  police  power.  (City  of 
Brooklyn  vs.  Xassau  Electric  R.R.  Co.,  61  Xew  York 
Supplement  33.)  In  a  later  case  (City  of  Xew  York  vs. 
H.  W.  Johns-llanville  Co.,  85  Nem  York  SuppJeinent 
To?)  it  was  held  that  there  was  a  showing  of  violation 
of  the  law  on  proof  that  about  20  per  cent,  of  the  coal 
used  by  defendant  was  soft  coal. 

An  ordinance  of  the  city  of  Indianapolis  declaring  the 
emission  of  dense  smoke  from  any  chimney,  etc..  within 
the  corporate  limits  to  be  a  public  nuisance,  irrespective 
of  the  particular  locality,  was  sustained  by  the  Supreme 
Court  of  Indiana,  although  the  ordinance  excepted  from 
its  operation  private  residences.  (Bowers  vs.  City  of 
Indianapolis,  81  Northeastern  Repoiier  1097.) 

An  ordinance  of  the  city  of  Chicago  forbidding  dis 
charge  of  dense  smoke  into  the  open  air  has  been  uplield. 
(161  Illiiwis  Appellate  Court  Reports  307.) 

The  St.  Louis  Court  of  Appeals  has  declared  that  the 
provision  of  the  Missouri  statutes  which  makes  it  a  good 
defen.se  to  a  prosecution  for  discharging  dense  smoke 
into  the  open  air  that  there  is  no  known  practicable  de- 
vice, etc.,  by  apjilication  of  which  discharge  of  dense 
smoke  could  have  been  prevented,  is  not  available  as  a  de- 
fense in  a  prosecution  for  violating  the  anti-smoke  law  of 
that  state,  where  the  offender  installs  or  unreasoiuibly 
maintains  boilers  to  which  no  smoke  abatement  appliance 
can  be  attached.  (State  vs.  Dower,  11-1  Southwedern 
Reporter  1101.)  This  law  makes  it  a  misdemeanor  to 
discharge  dense  smoke  into  the  open  air  in  cities  having 
more  than  100,()()0  population. 

But,  in  a  late  case,  the  Xew  Jersey  Supreme  Court  has 
leld  that  an  ordinance  forbidding  the  emission  of  smoke 
from  any  locomotive  or  engine  stack  within  the  limits 
)f  Jersey  City,  containing  soot  or  other  substance  in  suffi- 
uent  quantity  to  injure  health  or  proi)erty,  is  unreason- 
ble,  80  far  as  locomotives  are  concerned,  as  being  in 
lerogation  of  a  railway  company's  right  to  emit  such 
imoke  as  is  reasonably  necessary  for  the  proper  operation 
)f  its  road.  (84  Atlantic  Bi porter  697.)  The  court  did 
lOt  pass  on  the  validity  of  the  ordinance,  so  far  as  con- 
:em8  stationary  engines,  although  it  was  intimated  that 
he  regulation  might  be  valid  as  to  that  class,  since  a 
inilar  ordinance  has  been  uj)held  as  to  factories  in  a 
Imilar  case.  And,  in  a  still  later  case,  the  same  court 
leld  that  a  railroad  company  may  be  indicted  for  emit- 
ing  smoke  and  gas  from  its  locomotives  in  greater  quan- 
ities  than  is  required  for  the  proper  operation  of  the 
id.  (87  A  llaiitic  Reporter  86. ) 
The   Xew  York   Court  of  Apjieals   has   held   that   tlie 


use  of  soft  coal  in  a  factory,  situated  in  a  countrj'  dis- 
trict suitable  for  country  homes,  so  that  black  smoke 
therefrom,  great  in  volume  and  dense  in  quality,  envelops 
and  discolors  a  neighboring  dwelling,  causing  discomfort 
and  pecuniary  lo.ss  to  the  occupants,  is  a  nuisance  which 
may  be  enjoined,  if  the  use  of  soft  coal  is  not  essential 
in  operating  the  factory-  and  is  not  a  reasonable  use  of  the 
manufacturer's  property.  (MicCarty  vs.  Natural  Oar- 
iiimie  Gas  Co.,  81  Northwestern  Reporter  ."549).  Mr. 
Justice  O'Brien  dissented  from  the  decision  in  this  case 
cu  the  grounds  that  the  neighborhood  in  (juestion  was  so 
sparsely  settled  that  it  might  properly  be  called  neither  a 
residence,  factory,  nor  business  neighborhood,  and  that 
the  defendant  was  not  bound  to  unduly  increase  its  fuel 
expense  in  order  to  secure  greater  comfort  for  plaint ifl" 
in  the  enjoyment  of  his  home.  He  said :  "Wliatever  wt- 
decide  in  this  case  must  apply  to  every  manufactory  or 
manufacturing  establishment  in  this  state.  It  is  a  ques- 
tion of  comfort  on  the  part  of  the  plaintiff.  On  the  part 
of  the  defendant  it  certainly  is  a  question  of  the  right 
to  conduct  a  business  with  good  judgment  and  reasonable 
economy." 

But  the  Pennsylvania  Supreme  Court  has  refused  to 
enjoin  the  use  of  bituminous  or  semibituminous  coal  in 
an  industry  where  it  was  found  that  such  fuel  was  in- 
dispensable to  the  proper  operation  of  defendant's  iron 
works;  deciding  that  any  damages  sustained  by  plaintiff 
could  be  compensated  fully  by  a  monev  judgment. 
(Richards'  Appeal,  57  Pennsylvania  State  Reports  10.5.) 
The  court  said,  however,  that  an  ijijunction  might  be 
proper  if  the  injury  could  be  avoided  by  the  use  of  other 
fuel  equally  good  and  available,  or  if  smoke  consumers 
could  be  installed  at  reasonable  expense. 

And,  in  a  Massachusetts  case  (Downing  vs.  Elliott,  64 
Northwestern  Reporter  201),  the  Supreme  Judicial  Court 
refused  to  grant  an  injunction  against  the  use  of  soft 
coal  at  an  industrial  plant,  altlu)ugh  it  resulted  in  soot 
and  cinders  being  deposited  u]ion  the  ice  of  a  pond,  from 
which  plaintiff  derived  an  ice  supply,  where  it  appeared 
that  the  damage  to  plaintiff  was  insignificant  as  com- 
jiared  with  that  resulting  from  other  causes,  and  that 
the  use  of  such  fuel  was  more  economical  for  defendant. 
The  court  even  refused  to  award  a  money  judgment.  The 
opinion  in  this  case  contains  the  following  reasoning: 
"In  thickly  .settled  connnunities  absolute  purity  of  at- 
mosphere is  out  of  till'  question;  and  the  more  thickly 
settled  the  community  is,  and  the  more  varied  are  the 
kinds  of  business,  the  more  will  tlie  atmosphere  be  un- 
avoidably impregnated  with  impurities.  This  is  one  of 
the  inconveniences,  if  it  is  an  inconvenience,  which  every- 
one who  lives  in  a  ])o]nilous  neighborhood  must  suffer." 
The  court  (lualifies  this  statement,  however,  by  saying 
tliat  the  fact  that  the  atmosphere  is  already  impure  does 
not  excuse  one  in  increasing  the  impurity  to  the  discom- 
fort of  others. 

In  a  Tennessee  case,  the  Supreme  Court  reversed  a 
judgment  which  enjoined  the  owner  of  a  smoke-stack  on 
a  power  plant  from  permitting  smoke  to  escape  at  an 
elevation  less  than  that  of  the  roof  of  a  near-l)y  lo-.«tory 
office  building.  (Union  Planters'  Bank  &  Trust  Co.  vs. 
Memphis  Hotel  Co.,  139  South wextern  Reporter  715.) 
The  court  held  that  the  injunction  constituted  an  excess 
of  the  lower  court's  powers  as  in  effect  requiring  the 
stack  to  be  raised  to  a  height  which  might  injuriously 
affect  the  public  safety,  and  said:     "This  smoke  has  to 


378 


1>  O  W  K  ]! 


Vol.  40,  No.  n 


escape,  and  there  must  be  smoke-stacks,  and  whenever  one 
building  is  higher  than  another  it  will  suffer  from  the 
smoke  issuing  from  the  stacks  of  the  lower,  unless  some 
means  could  be  devised  whereby  all  stacks  could  be  made 
a  uniform  height,  and  even  that  would  not  obviate  the 
trouble,  because  of  the  tendency  of  smoke  to  descend  in 
damp  weather,  and  because  of  downward  eddies  in  air 
currents  which  exist  in  the  ueighborh(x)d  of  high  build- 
ings." 

When  a  property  owner  establishes  a  right  to  be  award- 
ed damages  on  account  of  the  maintenance  of  a  "smoke 
nuisance,"  they  are  to  be  measured  according  to  whether 
the  injury  is  merely  to  the  enjoyment  of  the  jiroperty 


or  to  the  property  itself;  in  the  absence  of  injury  to  the 
property  itself,  the  measure  of  damages  is  the  diminu- 
tion in  the  rental  value  caused  by  the  maintenance  of  the 
nuisance.  This  depreciation  must  result  from  interfer- 
ence with  the  comfortable  enjoyment  of  the  premises,  and 
not  from  the  mere  prejudice  against  the  ])roperty  in  con- 
sequence of  its  proximity  to  the  plant,  for  the  latter  de- 
jireciatiou  cannot  be  said  to  have  been  caused  by  the  in- 
jury. But  when  permanent  injui-y  to  the  property  is 
done,  the  owner  is  entitled  to  recover  the  consequent 
diminution  in  the  value  of  the  property.  (Iowa  Supreme 
(■ourt.  Mctiill  vs.  Tintsch  Compressing  Co.,  118  NoriJi- 
irestern  Bepoiier  78().) 


Am  Oliver  lEvaims  Oceimse  ©f  E8I4 


AVheu  .lolm  V.  Farnsworth,  President  of  the  Provi- 
dence Dyeing,  Bleaching  and  Calendering  Co.,  welcomed 
the  recent  Power  Show  to  Providence  on  behalf  of  the 
Chamber  of  Commerce,  he  exhibited  a  license  granted  to 
the  founders  of  his  company  in  1814,  by  Oliver  Evans, 
authorizing  the  use  by  that  company  of  one  of  Evan.s' 
patented  engines,  and  bearing  his  own  signature.  The 
accompanying  illustrations  are  reproductions  of  photo- 
graphs of  the  face  and  reverse  of  this  liien>o.     Tlic  mm- 


pany  holds  also  the  patent  for  the  first  friction  calender 
e\er  made,  transferred  to  them  by  the  inventor,  \^'ni. 
Smith,  in  the  year  1809,  the  patent  having  been  takeii 
out  in  1805,  and  being  signed  by  Thos.  Jeiferson,  Presi- 
dent, and  Jas.  Mattesou,  Secretary  of  State.  The  first 
valve  motions  patented  by  Mr.  Corliss  were  tried  out  on 
the  engine  in  the  Sabin  St.  plant  of  the  same  company. 
It  was  a  walking  beam  engine  with  a  cajiacity  of  about 
l.V)],],. 


LTCEjYSE. 

KNOJJ'  a' I  Mai  by  t/me  present  SjT/iat  J,  Oliver  Evans,  Steam-Engineer,  of  the  city  of  Philadelphia^ 

J'     .-     ■  r^\.  ■  ,.,.    <:  ^'   *•    ,  "    •     -^  -r.        Cef'  ^  ■'.-■■•'■<'.  ^■.--      •  ~  ^county. 


.has»£i4-eceived  of 
state  of  ^■:''7'/ ,-ru  • 


A 


the  -Mll'l  of  ^f^.'r    //f..,,^,,-,  ,,  .-,:■    ..-.■■.'>'■•■'  '        

-i.'ij'ii'lpayinrntfor  a  Stcam-Engi/ie,  and  for  Licence  hereby  granted  to  the  said 


.^/.^V^.-rT..., 


<-  ,'7i^  c^f^heirs,  executors,  administrators  and  assigns,  to 


use  one  of  inv  Jia'    '':  /  Su-aii'-Eiigbies.  constructed  on  the  principle  of  retaining  the  stecnu  in  strong  boilers,  in 
order  to  increase  '.le  heat,  and  tlur.^  increase  the  elastic  poieer  of  the  steam  until  //;y-i-  obtain     the  poiver  of 

'''tjy C(f  J  l( horses  to  be  xirted  by  //u  \  .'-    engine:  The  po%uer  of  a  horse  to  be  rated  at  ISO  pounds 

raised  perper^dicularly  220  feet  />.  r  minute, — or  the  piston  of  the  engine  to  describe  792u  ct:/,ic  inches  oj  space 
per  minute,  (for  each  horse  poioerj  Htrryiiig  an  average  load  of  5u  pounds  to  each  supirfcial  S(juar:  inch  oJ  the 


area  of  its  end;  according  to  the  ru/e'i  laid  down  for  t^certaining  the  poioer  of  tni/  steam-engine,  in  >ny^bQQk_en- 


-'/•■<?-'i--  -fi»  OL^'^^/jttfi.i^^^^.iX}/^  i  •  t  I 


y7  e^^^-yc 


./■/. 


:..-/..,  / 


forandduring  my  present  or  any  future  patent  term.    JFitness  my  hand  and  seal  this    C- ,- 7 -r- >  > //^ j(uy  0, 


^J. 


V 


Witness  present 


r:/i^^/^^ 


Power 


License  CtKanted  by  Oliver  Evans  in  1814  eoi:  the  Usk  of  One  of  His  Steam  Engines 


Septeiiiljer  lo,  1914 
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J  UK  CO!  UMBIAN  STK  VM-ENGIKE. 
EXPLANATION. 


A,  the  boiler, — 13,  llie  workirit;  cyliii'lcr, — C,  ilic  IcTcr  heuni, — I), 
the  flv-wlicci  — 1„  ilie  cdiuIlumi  , —  V.  the  uatti  pv]ni|) — (J,  llit  bM|)- 
pl>-  pump, — H,  ibc  tui'iiace, —  1,  the  i  himncy  ll»ie, — K,  iht  safeiy- 
vaive,  whici\  may  l)e  loadcO  uilli  loti  •)!■  liOibs.  to  the  inch  arcu;  it 
will  never' need  more, -and  it  niuiit  ncvii  be  fastened  down. 

OPKKA  IION. 

The  boiler  bcintj  filled  with     me  WMier  as  hij^h  as  the  dotted  line, 

and   tile  fire  applied,  the  binukc  eii'crs  tlie  ccmcrflne,  which  parses 

thriiutjh  the  ctliier  of  the  water  to  asceii'l  Ihc  flue  I,  and  thus  acta  on 

u  l.>r(;e  suilace. 

•  When  the  Hcani  lifts  the  »afe  y«>alv..,  ii  is  then  lei  inio  the 
eyiipider  by  i,pri.iii(r  the  thnittle-val^t,  todiive  llie  pi^^oIl.  up  aud 
down,  whieli,  by  rod  I,  (;ives  niolioiilo  lie  lly-whcel.  and  wheel  2 
give!)  mouon  to  ' 

of  the  rotatory  va 
cylinder  at  the  proper  time. 

The  ^teaiii  es'  .ipiiit;  by  pipe  4,  cuived  a'ld  immersed  in  the  water 
in  l>ox  W,  which  is  supplied  by  pump  I',  it  is  condensefl,  and  the 
water  formed,  dm  ndi  b\  pipe  5  ir.io  Mip,;ly-piimp  (I,  and  is  lurced 
into  the  b'.iler  ..>;uin  by  pi|»c  6. 

But  boiling;  (leruni|j<jse'>  n.iier 'iloulv,  i  liati);iiit;  it  into  air  incon- 
densible.  Th.  lel'ni  the  snillin^-val^e  7  is  necessary.  I  his  valve 
liflh  at  every  pull'  »f  slram,  and  a  sui.ill  'pianiiiy  of  air  escapes;  and 
it  shms,  and  a  vai'uuin   is  instantly  fo  ineil,  us  llie  crank  p.isses  the 

dca'l   |)Oih'». 

The  sin  .ll  wasie  of  wjte^' inav  '.'•  mi,  ;ni.cl  by  romlcnsini;  pan  of 
the  Menu  lisioi;  from  the  coiulcn  i  •%  >•  ii'  1. 1"  run  ilo«n  ,lic  I'ipe  'J, 


■1  —  --  1^- ■ " -   •■/   — 

I  a  shaft,  passinf;  ihroiiilh  the  posts,  to  turn  the  spindle 
valves  3,  8,  which  leJ*  ihe*sieam  botli  off  .iiid  on  the 


than  others.  Muddy,  limestone,  or  salt  water,  or  the  juice  of  the  su- 
)^ar-caiie,  &c.  Etc  ,  may  be  'jsed  to  condense;  and  as  ihe  Kngine  works 
C(|Ually  well  wliile  we  bo  I  away  the  condensing  water,  we  may  boil 
for  sdl,  suKar,  ice.,  in  woiking  the  linjjinc, — thus  using  the  fuel  for 
double  puposes. 

If  the  s'eam  be  confir.d  by  the  load  on  the  safety-valve,  to  raise 
its  power  to  lOO  pounds  t  >  the  inch,  area  of  the  piston  and  the  cylin- 
der be  nine  inches  in  diinieier,  and  the  stroke  of  the  piston  three 
feet,  the  power  will  eipal  twenty  horses  hitched;  and  will  grind 
2(1  bushels  of  sr.iin  per  h)ur,  or  saw  5000  feet  of  boards  in  12  hours. 
If  Ihe  steam  be  confined  by  ISO  pounds,  the  power  of  the  F.nKinc 
will  Ur  ecpial  to  ihiriy  ho'ses,  when  the  steam  is  shut  ofT  at  one  thiitl 
of  the  stroke,  and  sirikiig  thirty-six  strokes  per  minute. — Double 
strokes  douUe  the  powei. 

■|hc  more  the  steam  ii  confined,  and  the  shorter  it  be  shut  off  by 
the  Re(^<il..lor  6,  the  nr4"er  will  be  tt\e  iw«ver  obtained  by  the  fuel. 
For  every  addition  of  30  Begrccs  heat  to  the  «  alcr  doubles  the  power. 
So  that  doiiblini^  the  Heat  of  the  water  increases  the  power  about 
luO  limes  l)n  these  piiiriplcs  fuel  maybe  lessened  to  one  third  part 
cuiisnmed  by  other  cti.;iies.  This  Knj;inc  is  not  more  than  one  fourth 
the  wei(;ht  ol  others;  is  rnore  simple,  durable,  and  cheap,  and  more 
suitable  for  every  pur:H4i'.;  especially  for  propelling  boats  and  land 
carriages.  It  leiiuiiesnti  moic  water  than  the  fuel  will  evaporate  In 
steam,  and  this  steam  riiay  be  employed  to  warm  the  aparimchtsof 
f.ielories;  or  the  cuid||iser  K  could  be  used  as  a  still  to  distil 
;r  makinir,  boilcV  in  a  brewery,  dye  factory 


lhroiii;li    a    ho!.:    in    ilii 
diam'itr, —  \  ;  •     ': 
power. 

Nos.dii... 

till;  w,-. 


kev  of 

u.dLed 


•'■,'1 


.']    p.iiis    of   all    inch 
i.lei  of  twenty  horses 


spirits;  or  a  vat  for   p 
&e.  £<c. 

The  I'alent    Uighl 
delphia;   one    fourth  i 


I  lie  ill  11*  boiler.  It  beiiij;  supplied  by  dis- 
ill  liisl  iijlich  longer,  and  ie>|uil'(-  less  luel 


.»  belongs  one  half  to  the  Suhscrilwr,  Philv 
eorge  I'.vaiis,    Pittsburg;   and  one  fourth  io 
l.uther  Stephens,  l-exi^lon,  Ky.  Api)ly  to  either  for  I'.ngincs,  or  for 
Licenses  to  use  them 

OI.IVEK  EVANS. 


liLVEli^ili    or    Lli  KN.--K. 


Kxti.mm.m;   Kv.\.\s'   Kmilm;  ok  One  Hundkeu  Yeaks  Ago 
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6mm.  -■! 
Platinum 


A  recent  article  iu  Zeifsvhrift  des  Vereine^  deulnoher 
Ingemenre  describes  some  interesting  experiments  to 
determine  the  rapidly  changing  temperatures  within  the 
cylinder  of  an  internal-combustion  engine,  electrical 
measuring  instruments  being  used. 

The  thermocouple  sliown  in  Fig.  1  is  of  chemically 
pure  platinum  and  a  platinum-rhodium  alloy  containing 
10  per  cent,  rluxlium.  The  tube  or  body  is  of  good  qual- 
ity porcelain  and  iu  order  to  obtain  an  air-tight  packing 

between  the  inside 
of  the  tube  and  the 
atmosphere,  two 
conical  pieces  e 
and  /  of  the  same 
material  as 
the  corresponding 
wires,  are  welded 
to  the  wires.  The 
free  ends  of  the 
wires  are  led  so 
far  away  from  the 
cylinder  as  to  ren- 
der negligible  the 
effect  of  radiated 
heat  and  maintain 
their  temperature 
at  that  of  the 
room,  namely  20 
deg.   C. 

The  resistance 
]iyrometer  shown 
in  Fig.  2,  with 
which  readings 

were  also  taken,  is 
similar  in  con- 
struction to  the 
thermocouple,  ex- 
cept that  the  wires 

fbv.t«  I' i.  •^-t&^  ^^^  ^^  ^  platinum- 

FiG.   L  Ther-    Fig.    2.  Ee.slst-  iridium    alloy    (35 

110  Cou-  ANCE  TYKO-n-  per  cent,  iridium), 

PLE  ETEK  and    the    fire    end 


strongly    resembles    tiie    filament    of    a    tungsten    lamp. 

For  measuring  the  electromotive  force  set  up  in  the 
thermocouple  an  Einthoven  string  galvanometer  was  se- 
lected, because. of  its  very  small  inertia,  the  moving  ele- 
ment being  a  gold  string  having  a,  diameter  of  0.0003 
inch. 

A  (i-lij).,  3i^x3%-in.,  two-cylinder  gasoline  engine 
was  selected  for  the  test.  This  was  placed  on  a 
special  frame  so  as  to  reduce  vil^ration  when  running  at 
a  normal  speed  of  900  r.p.m.,  and  thus  not  interfere  with 
the  sensitiveness  of  the  galvanometer.  Fig.  3  shows  how 
the  therm uple  was   attached  to   the  cylinder   head. 


Fig.  3.     Skciiov  TiriiouoH  Cvlindeu  Head.  SiiowiNfo 

LOCA'I'KJN   OF  ThBKMOCOUPLE 


Fi(i.  5.  DiAGKAM  Taken  with  Resistance  Pyrometer 


Fig.   4.     Diagkam    with    0.03-!\1m.   Wi!iK 


Fig.  6.  Diagram  with  0.6-Mm.  Wire 


Sej)tember  15,  1914 
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Eeadiiig.s  were  taken  vitli  ihennocouple  elements  of 
diiferent  diameters  at  the  part  exposed  to  the  high  tem- 
peratures, with  a  view  to  ascertaining  which  would  give 
the  l)est  results.  The  results  witli  these  are  shown  in  the 
foUowintj  tabulation : 


Dia 


it-ter 


of  Wire.  Mm 
0.02 
0.TI25 
0.03 
0.04 
0.05 
0.1 
0.2 
0.4 
0.6 


■ligrhes 

Tfin 
t 

perature 

L> 

eg. 

C. , 

Lowest 

1400 

142 

1405 

142 

1410 

137 

1292 

162 

1050 

307 

!iS2 

475 

S27 

585 

S15 

695 

800 

775 

Figs.  4  and  6  are  sample  diagram.-*,  the  latter  with  a 
wire  of  0.6  mm.  diameter,  which  shows  an  approximately 
straight  line.  The  temperatures  corresponding  to  this 
(see  table)  are  above  the  mean,  although  the  higher  tem- 


perature influences  the  couple  only  during  one  stroke, 
while  the  lower  covers  three  strokes.  This  nearly  con- 
stant temperature  with  the  large  wire  was  undoubtedly 
due  to  its  greater  ma.ss  requiring  a  longer  time  to  heat 
up  and  cool  off,  thus  making  it  less  sensitive  to  very 
rapid  temperature  changes. 

Reference  to  the  table  shows  that  with  wire  thicknesses 
of  0.02,  0.025  and  0.03  mm.,  practically  the  same  high 
and  low  temperatures  were  recorded,  which  indicates  that 
a  decrease  of  mass  within  the.«e  limits  has  no  influence 
upon  the  sensitiveness  of  the  instrument.  Fig.  5  shows 
a  diagram  taken  with  the  resistance  pyrometer.  As  the 
ignition  point  is  clearly  indicated,  the  temperatures  cor- 
responding to  different  piston  positions  are  easily  found 
by  drawing  ordinates  to  correspond  with  the  four  i>rin- 
cipal  events  in  the  cycle. 


^mmi^SttolleF^ 


By  Osbokx  MoxxETTf 


SYNOPSIS — How  smohelrss  results  are  ohtained  with 
this  type  of  furnace.  Directions  for  charging,  cleaning 
and  hanking. 

There  is  a  cla.-^s  of  equipment  on  the  market  half  way 
between  a  mechanical  stoker  and  a  hand-fired  funuice 
which  can  well  be  clas.sed  as  a  semi-stoker,  of  which  there 
are  two  distinct  types,  the  down-draft  and  the  gravity 
feed.  The  gravity-feed  furnace  is  essentiall)'  a  dutch-oven 
extension  built  in  a  cast-iron  frame  work  with  an  arch 
of  firebrick  and  a  horizontal  central  grate.  On  each  side 
of  the  central  grate  is  a  .short  inclined  grate  above  which 
arc  pocketw  for  the  admission  of  fuel.    The  theory  of  this 


front  end  of  the  boiler,  leaving  a  plain  combnstion  cham- 
ber extending  the  full  length  nnderneath.  These  fur- 
naces should  always  be  set  full  extension.  They  can  be 
placed  in  a  head  room  of  from  48  in.  up,  and  as  they 
ojjerate  without  steam  jets  or  stoker  engines,  they  are 
equally  applicable  to  high-  or  low-jiressure  installations. 

It  is  a  simple  matter  to  apply  the  gravity-feed  furnace 
to  a  water-tube  boiler  of  the  horizontally  baffled  type 
shown  in  Fig.  3.  It  gives  a  long  flame  travel  and,  if 
properly  handled,  allows  ample  tiiiie  for  the  combustion 
of  the  volatile  matter  Ijefore  it  comes  in  contact  with  the 
heating  surface.  The  furnace  may  be  n.sed  with  any  type 
of  horizontally  baffled  boiler,  but  it  is  not  advisable  to 
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type  of  furnace  is  to  raise  up  the  mass  of  fuel  on  tlie 
side  grates  witii  a  poker  or  transfer  bar,  as  the  ea.sc 
may  be,  allowing  the  fresh  fuel  to  gravitate  behind  it. 
Thus  the  fresh  fuel  is  introduced  underneath  the  choked 
portion  of  the  fuel  bed,  and  the  volatile  gases  must  pass 
through  the  incandescent  fuel  before  coming  out  into  the 
furnace  proper.  By  this  action  it  is  intended  to  con- 
sume the  volatile  ga.s&s  before  they  have  an  opportunity 
to  cause  smoke. 

A  gravity-feed  furnace  as  applied  to  a  horizontal  tubu- 
lar boiler  is  shown  in  Fig.  1.  The  application  is  simple, 
as  it  is   necessary  to  build   only   a   bridge-wall   at  the 

•CopyrlRht,    1914,   by  Osborn    Monnett. 
tSmoke  Inspector,  city  of  ChlciiKO. 


apply  the  gravity-feed  furnace  to  a  water-tube  boiler 
vertically  baffled  as  smokeless  results  cannot  be  guaran- 
teed because  of  the  short  flame  travel. 

With  this  furnace,  limitations  as  to  size  come  from 
the  considerrtion  that  when  the  coked  coal  is  poked  off 
the  side  grates  it  naturally  falls  onto  the  middle  one.  If 
this  middle  grate  is  of  such  width  that  the  coked  coal 
easily  covers  it,  then  the  characteristic  action  of  the  fur- 
nace will  not  be  destroyed.  If.  however,  the  middle 
grate  is  so  wide  as  to  compel  the  fireman  to  |)okc  green 
coal  over  to  keep  the  grates  covered,  then  the  furnace  will 
smoke,  and  it  is  too  wide  for  good  operating  conditions. 
Therefore,  units  above  200  hp.  should  be  used  oidy  where 
llip  conditions  arc  ciircfnllv  worked  out  and  where  it  i.s 
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known  that  the  highest  class  of  operation  will  be  had. 

Fig.  3  shows  a  gravity-feed  furnate.  with  a  6-ft.  :!-in. 
extension,  correctly  installed  under  a  230-hp.  Stirling 
boiler.  The  furnace  proper  ends  at  the  bridge-wall  and 
the  regular  Stirling  arch  is  as  in  standard  hand-fired 
practice. 

Opkration 

In  operating  the  gravity-feed  furnace,  first  feed  in 
cnouLdi   coal   to  cover  the  buttoni  of  the  grate  and  side 


run  the  poker  down  the  outside  of  the  ptjckct  to  the  in- 
clined grate  and  down  the  inclined  grate  nearly  to  the 
bottom;  then  raise  the  poker  up  into  the  bed  of  fuel  so 
that  it  will  carry  with  it  the  coked  mass  of  coal  toward 
the  center  of  the  furnace.  The  green  coal  will  fall  be- 
hind the  coked  mass,  and  if  the  door  is  cracked,  there 
will  be  no  smoke.  Always  keep  the  pockets  full  of  coal, 
but  do  not  use  the  top  of  the  furnace  for  coal  storage 
If  the  pockets  are  allowed  to  run  empty  so  that  when  re- 
plenished the  green  coal  falls  on  top  of  the  fire,  the  fur- 


-  Ceiting  line 


One  2x2  A. 
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Fig.  2.     Gisavity-Feeo  Buhke  Fuknace  undek  150-Hp.  \Vatei!-Tii!E  Roilee 


Fig.  o.     Bukke  FuJiXAcE  Installed  uxdek  230-Hi'.,  Cla.s.s  A  Stirling  Boilek 


grates.  Then  build  a  fire  with  kindling  on  top  of  the 
coal,  giving  the  furnace  plenty  of  air  through  the  door, 
the  same  as  with  a  hand-fired  furnace.  ^Yhen  the  fire 
has  ignited  thoroughly  and  most  of  the  volatile  matter 
has  been  driven  o3,  fill  one  pocket  at  a  time,  allowing 
an  appreciable  interval  between  the  filling  for  the  volatile 
matter  to  burn.  When  poking  a  pocket,  always  crack  the 
doot  to  take  care  of  any  excess  volatile  which  may  be 
distilled  off.  When  feeding,  work  the  coked  coal  care- 
fully toward  the  center  grate  with  the  transfer  bar  or 


iiace  will  smoke.  Eun  with  the  damper  wide  open  an^ 
regulate  the  draft  by  the  ashpit  doors.  Poke  one  pocket 
at  a  time  and  wait  for  the  volatile  to  distill  off  before 
disturbing  the  other  pocket. 

Cleaxi-nu  axd  Baxkixg  Fires  I 

Clean  out  the  center  grate  with  a  hoe  without  dis- 
turbing the  side  beds  of  fuel.  Then,  using  the  hook, 
clean  the  clinker  from  under  the  coked  portion  on  one 
side  of  the  fire,  allowing  the  coked  coal  to  fall  down  ofi 


Sf])teinl)cr    1 .' 
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;lie  center  gnitr;  iii  a  I'l'W  iiiiiiutes,  repeat  the  ()]H'ratiiiii 
on  the  other  side  ol'  the  runiace.  As  tliese  (iperntidus 
have  to  do  only  with  colved  rual,  no  dense  smoke  sliouhl 
he  nia<le.     After  spreadiiii;-  this  cual   im  the  ceiiler  ,i;rate. 


Ica\e  tile  dcKirs  (■ra(  ki'd  and  till  tlie  ])()cketR  slowl_y,  one  at 
a  time.  Wlieii  hanking-  fires.  Mork  the  coal  down  bekiw 
the  liiiei's  111'  till'  |)(i(kels  and  jnit  on  the  covers;  then 
close  the  asll|iit  doors  and  rlieek  the  ilamper. 


)5^es  of.  Motors  DriviimE  Ceiniilrnfc.tfs\l 


IIV    K.  .Al.  .M  AIISIIAI.L 

■  ')'.\'()J*S/S — 'I'lie  calcnlaUons  neccsm-njpjv  dclrniiiiiiii;!  jiipe  for  the  line  was  arrived  at;  however,  the  follow  iir; 

//(('   jirojicr  size   of   motor   to   drive  a   cenlrifiujaJ   i)iuiii>  calculations  will  show  how  and  where  the  recommendation 

miller  i/iren  coiulilion.s'  of  dehvery  and  head.     Bij  the  use  is  not  practical  nor  economical. 

<if  tlie  rlnirt  these  ivliulalioiis  are  siiiipliped.  The  friction   loss  per    11)0   ft.   of   S-in.   cast-iron    pipe 

:*:  when  discharginif   7.50   gi\\.   of    water   jier   niin.    is    l."'l 

The   problem   of   selecting   the    proper   size    of    motor-  ft.  of  head:  for  a   10-in.  pipe  0.3!)  ft.:  and  for  a  V?-in.. 

drixen  pump  and  installing  it  to  pump  water  a  distance  at  0.17  ft.     The  loss  of  head  due  to  friction  of  the  -T^'SO-l't. 

ihe  smallest  cost  is  one  that  is  not  always  given  careful  line  for  the  different  sizes  of  pipe  is  as  follows: 

I  onsideration,  hence  many  do  not  operate  satisfactorily,      f^^^  °'<.  ^'^'^^ ^1  j"it  I?,  J";,.  ^l  ',"■, 

'  '^  ^  •  Loss   of  head 65.4   ft.  20.6   ft.  S .  [i   tt. 

Visually  failing  when  they  are  most  needed.     "While  there  saying  with  :o-in.  and  12- 

if.  plenty  of  pump  data  available,  as  well  as  motor  data,  Th"e  effect'of' tlio'loss' of  liead  on  the  size  of  motor  is  as 

there  is  a  lack  of  practical  information  on  tlie  combina-  follows: 

lion.     Manufacturers  sell  pumps  to  be  connected  to  cer-  ]-',,,.  .,u  s-in.  line: 

tain  types  of  motors  and  when  electrical  troubles  come  --,.  ^,  ,.,.,,,    ,    ^r  ±\ 

up  they  are  glad  to  refer  them  to  the  maker  of  the  motor,  inil-e  horsejwirer  =  ^ — 4000  Vo  il'p^    ^  lOT.d 

lint  are  little  interested  in  securing  and  tabulating  for  v   •      i  i  '      f    .• 

Iiiture  ii.se  the  nature  of  the  trouble   and  the  remedy. 

Therefore,  the  recommendations  of  a  pump  manufacturer,  Irul-e  hiirsiniotrer  =  '                         ~t).0)  _  (^^Q 

w  ithout  a  complete  and  thorough  knowledge  of  the  condi-  4000  X  0..50 

lions,   are   likely  to  fall   short   of   economical   operation  For  a   l"^-in.  line: 

princi))ally  because  the  efficiencies  of  ordinary  pumjis  are  rgo  X  (~~0  +  8.9) 

low  unless  operated  at  the  conditions  for  which  they  are  hrtike  horsejio/cer  =        J-OOO  X  0^0      '  ~  ^^'^ 

'  ' '"!  ^   "^"^  ■  From  tliese  calculations  it  is  evident  that  a  motor  of 

In  what  lollows  the  writer  has  workc.l  up  the  cah-v.la-  g.^g  horsepower  as  calculated  by  the  first  formula  and 

1,0ns  necessary  lor  a  check  on  a  motor-driven  puinp  m-  ^j^^  ^^^^  ^^  _^^^  ^_.^^_     .       ^^.^^^j^^  ^^,^^^^^  ^j^^  ^^^^^^  ^^  ^.^^j.,.^, 

stallation   working  ba.'k  from  the  dehvery  pond  to  th,.  ^^^  ^^.^^.^^,^^^  ,^^.  ^^ .  ^  j^^^^  ^,^^^^  3,^         ^^^^^.^  _^^^  ^^  ^,^^      ,,^;, 

innnp  to  determine  the  power  requirements  and  the  proper  ^^.^^^j^  ^^  operated  at  full  capacity  wlien  operated  at  all, 

s.ze  of  motor.     The  calculations  refer  to  tlie  installation  ^^^^.j^  ^^  ^^^,,,^^^^^^^  ,^,^  ^^^^  ^^^^^^^  ^,^;^j^  ^^^^  ^^^^.^  ^^^^^ 

ol^  a  motor-driven  centrifugal  fire  pump  having  a  capacity  ^^^^.^^^^  ^^..j,^^^,^  ^,.,,,,^^,^  ^^^^  ^^^^^  j^,^^^,^  ^^^  ^■^^^_     j,,^.^^^ 

ot   ,50  gallons  per  minute.     The  pump  was  located  one  ^^.j^,^  ^,^^  ^.,_.^^_  ^^.       j;,^^  ^^^^  ^^;^^^^  ;^.^,^,lj  ,^^  ^^.^^^^^^  ^^^^ 

m.le  irom  the  storage  tank  ai.d  the  elevation  from  the  ^^^  .^^  capacity.     In  these  calculations,  an  efficiency  of  50 

vvater  to  be  pumped  to  the  tank  was  220  ft.     The  punip  ^^^  ^.^,,,^_  j,^,;,^^^^^^  ^^^^^^„,,^,^^  ^^.^^-^^^  -^  somewhat  less  than 

.Manufacturer  recommencled   an   8-in.   line  and   the  tol-  ^,.,,^  ,^^  expected  of  the  best  designs  of  pumps.     However, 

lowing  formula    was  used  to  secure   the  power   require-  ^,,j^  -^  ^^^^  ^^^  ^^.^^^^  ^  ^^^^^^  ^^  ^^^^^^^^  ^^  ^,^^  ^  ^^^^^^ 

""'"  ■'"■  selection    is    concerned,    for    it    is    impossible    to    se- 
brak-e  liorse power  =(    X  I    -^  (1000  X  ^0  .^^g  eommercial  sizes  of  motors  that  correspond  exactly 
Where  0  is  the  capacity  ol   the  pump  m  gallons  per  ^^  ^^^^  calculations  made.     For  instance,  as  shown  abov; 
minute,  //  the  total  bead  to  be  pumped  against,  and  h  j,  __.  ^,^^  i^^^^,,.^,,^  ,i,p,  of    jp^  ]i„,^  ^  100-horsepower  motor 
the  pump  clheiemy  taken  at  5o  per  <-cnl.  ^^..^^  ^^^  required  for  the  8-in.   line,  and  the  10-in.  line 
•  and  a  75-horsepower  for  the  12-in.  line,  which  will  just 
hriikr  hnr^eiiiiirrr  =  ^-^ ^  '^—  =  82  5  about  place  the  puinjis  on  a  (50  [ler  cent,  efficiency  basis. 
4000  X  0.5           ■  As  to  whether  or  not  the  additional  cost  of  iiipe'for  the 
This  is  the  method  eommoiily  u.sed  by  salesmen  in  sell-  larger  sizes  will  be  economical  as  to  operation,  the  follow- 
ing pumjis,  and  while  acting  in  good  faith  tlicy  are  simjilv  ing  calculations  show: 

applying  ruic-of-thiimb  data  f.nmd  in  catalogs  or  band-  Tost  nf  ?o7X.!"motorTor'8i'in/iim;: ! ::::::::::::::::::  Msi 

hunks  wtilcli    in   I'Verv  i-wi.  iii.oil   wiii'ei'il    iiif eriiret'i t ion   and  *-'""''•  "'  P'l'«  t.o.h.  factory  at  $20  per  ton: 

noohs  wiiKii  III  (\cr\  case  ne<  11  spci  lai  iiiitipiciaiioa  aim  ^_|^   ^^^^  1^,^^,  .^^  ^j,  ,j,   ^^^^  f^   ^^  ,27  tons 2S-iu 

some  modification  and  are  only  safe  in  tlie  hands  of  an  12-in.  cast  pipe  at  82  11..  p.-r  ft.  or  216  tons...     ....        i?.2ii 

„„,     i       1'          ii         1     I  i-     ■     1       1       •,.  „   ,-4.  „.;n  i.„  The  cost  ot  motor  oiieration  at  2c.  iier  kilowatt-liour 
expert.     J'roni  tlu;  calculations  already  given  it  will   ■'".,,, 

Been   that  the  value  for  the   pumi)  liursejiower   includes  l^"''*    ,i!'T' 

the  suction   and   discharge  heads  but  has  nothing  to  do  ■'■'•'■"•  100-l,p.  mo^.r: 

with  tlie  pipe  fricticm  in  the  5280  ft.  between  tlie  jmiiip  1"0  X  740  X  O.O'Z  ^  ^^^,^  ^^^^  ^^^^^^^ 

and  the  tank.     It   is  not  known  how  the  8-in.   size  of  1000 
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For  a  7 5-hp.  motor : 

75  X  740  X  O.Oa 
1000 


=  ^l.Vi  per  hour 


The  demand  on  tlie  pump  was  350,000  gallon.s  per  day, 
which  required  it  to  operate 


on  the  bottom  of  the  curve  sheet  run  up  vertically  to  the 
straight  line  showing  250  ft.  head  and  then  directly 
across  to  the  right  reading  about  46  horsepower,  or  the 
theoretical  power  required.  This  figure  does  not  take 
into  account  the  efficiency   of  the   puni])   wliich   can  be 
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60  k  s; 


80'. 


500 


1000      1500 


2000 


100 


120 


140 


2600         3000        3500         4000        4500         5000         5500        6000      6500 
Discharge  in  Gallons  per  Minute  Pov/ift 

CuKVES,  SiiowiMi  Los.s  OF  Head   Due  to  Fiuction  of    STiiAiGirr  and  Smooth  Ca,st-Ii;ox  Pipe;  Also  Theo- 
retical Horsepower  for  Driving  Pumps 


250,000 


750  X  00 


=  5.5  hours  per  day 


Then  the  annual  cost  of  pumping  is : 

For  a     75-hp.  motor  =  5.5   X   365   X    $1.12  =  $2248 
For  a  lOO-hp.-motor  =  5.5   X   365   X      1.49  =     2936 

Yearly  difference  in  cost  of  operation..      ?688 
The  extra  cost  of  the  12-in.  pipe   (4320  —  2540)    =   $1780 
Saving-  in  cost  of  the  motor  in  favor  of  the  12-in.  pipe   =    $140 

Extra  cost  of  pipe  less  saving  on  motor $1640 

Five   years'   saving  in   cost  of   motor   operation 3440 

Five  years'   interest  at  6  per  cent,  on  extra  investment 

plus   the    investment 2132 

Total  saving  in  five  years  in  favor  of  12-in.  pipe.  .      $1308 

Besides  this  saving,  better  operation  is  secured  with  less 
trouble  and  fewer  interruptions,  worth  perhaps  in  case 
of  fire,  many  times  this  amount. 

Many  of  the  calculation.s  given  in  the  foregoing  dis- 
cussion can  be  avoided  by  use  of  the  curves  in  the  ac- 
companying chart  showing  loss  of  head  in  feet  due  to 
friction  for  straight,  smooth  cast-iron  pipe  and  the  tlieo- 
retical  hor.sepower  required  to  drive  pumps.  To  use  this 
set  of  curves  proceed  as  follows:  Suppose  it  is  required  to 
know  the  size  of  motor  to  pump  750  gallons  of  water 
per  minute  using  a  10-in.  pipe  and  pumping  5280  ft. 
against  220-ft.  head.  Finding  750  on  the  horizontal  line 
of  the  curve  as  the  discharge  per  minute,  follow  vertically 
to  the  curve  for  10-in.  pipe  and  read  a  loss  of  head  of 
nearly  0.4  ft.  per  100  ft.' of  line.  Since  the  length  of 
line  is  5280  ft.  the  total  loss  of  head  is  then  0.4  X  5280 
~  100  =  21  ft.  Adding  this  to  220  ft.  of  vertical  head,  the 
total  head  to  be  pumped  against  is  then  220  +  21  = 
241  ft.    Again  finding  750  gallons  per  minute  discharge 


safely  taken  as  50  per  cent.  Then  to  get  the  actual  size 
of  motor,  the  horsei)owcr  as  shown,  namely  46,  must  be 
divided   by   0.5,   giving   !)"^    ms  the  horsepower  required. 


Owing-  to  an  oversiglit  the  accompanying  table  was 
omitted  from  the  article  entitled  "Department  No.  8  and 
Special  Furnaces,"  by  Osborn  Monnett,  on  page  166  of  the 
August   4,   1914    issue. 

DIMENSIONS  FOR  FIG.  1 
(.\11  Dimension.^  in  Inches  except  Column  B  which  is  in  Feet ) 


12 


C       D 

2S       19        42       42 


19        48 


42 


22 


18 

20        38 


30  21)  42  48  24  IS 

30  2U  48  48  24  18 

30  20  .54  48  24  18 

.32  22  48  34  24  IS 

32  22  54  54  24  18 

34  22  60  GO  2(i  18 

34  22  1)0  GO  20  18 

34  24  (10  06  28  18 

34  24  66  6S  2S  18 

36  24  66  72  .30  20 

36  24  72  72  3(1  20 

38  26  72  78  32  21 

38  26  78  78  32  21 

38  26  72 


84 


21 


I 

.1 

K 

L 

3iS 

164 

18 

9 

4 

li^ 

18 

9 

■■^ 

18 

IS 

9 

4 

164 

IS 

9 

44 

l.S 

IS 

9 

4 

164 

IS 

13 

44 

1.S4 

IS 

13 

5 

17 

224 

13 

■■54 

1.S4 

224 

13 

.■> 

l,S4 

224 

13 

54 

17 

224 

13 

•'14 

184 

224 

13 

(i 

1V4 

224 

134 

(i 

19 

26 

IS 

64 

174 

26 

18 

M 


6 


78       84       32       21        6J 


20        26 


18 


184     26       18 


Note: — Dimensions  in  the  above  table  apnlv  only  for  the  ordinary  conditions 
and  are  .subject  to  revision  for  unusual  conditions. 

Note: — -First  grade  fire  brick  to  be  used  throughout  with  the  exception  of  the 
combustion  chamber  floor  and  the  side  walls  of  the  chamber  back  from  a  point 
one  ft.  behind  the  rear  face  of  the  wing-walls.  Wing-walls  to  be  bonded  into  side 
walla.  No  air  space  to  be  left  in  setting  w;all3.  Fire  doors  must  provide  for 
special  air  admissioa  of  an  area  equal  to  4  sq.ia.  for  each  sq.ft.  of  grate  surface. 


Itlissouri  Coal   Production  in   1913 — The   production   of  coal 

in  Missouri  in  1913  was  4,318,125  short  tons,  valued  at  $7,468,- 
308,  a  decrease  compared  -with  1912  of  20,731  tons  in  quantity 
and  of  $165,556  in  value.  With  the  exception  of  1912,  however, 
the  output  in  1913  was  the  largest  in  the  history  of  the  state. 
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A  gatioline-c-iigiiie  advertisement  in  a  popular  magazine 
recounts  the  experience  of  a  contractor  who  had  success- 
fully used  the  engine  advertised  iipon  some  contracting 
work. 

First  he  used  steam.  But  steam  meant  a  licensed  engineer 
and  fireman.  It  wasn't  sufficiently  portable  and  elastic.  He 
had  to  keep  several  types  of  boilers  to  conform  with  different 
state   and  city  ordinances. 

Whereat  numerous  engineers  and  sundry  manufactur- 
ers of  boilers,  engines  and  steam  apparatus  think  they 
see  a  big  beam  of  light.  All  this  Safety  First  Legislation 
requiring  a  man  who  sets  u])  a  boiler  in  a  crowded  dis- 
trict to  put  a  competent  and  reliable  man  in  charge  of 
it,  requiring  a  boiler  to  be  correctly  designed  and  honest- 
1}'  biult  of  suitable  material,  forbidding  the  pollution 
of  the  air  in  which  thousands  must  live,  by  unnecessary 
fumes  and  smoke,  all  this  beneficent  legislation  which 
other  countries  have  adopted  with  a  signal  decrease  of  the 
loss  of  life  and  property  and  a  marked  Ijetternient  of  the 
conditions  in  industrial  neigliborhoods  nmst  be  opposed 
and  rescinded  or  the  internal-combustion  engine  and  cen- 
tral station  will  take  advantage  of  the  hardshiiJs  which  it 
impose.s  to  put  us  out  of  business. 

How  much  of  a  hardship  would  it  be  for  a  contractor  or 
other  employer  to  hire  a  licensed  engineer  or  fireman. 
He  might  have  to  pay  a  lesser  daily  wage  to  a  laborer  who 
could  not  satisfy  an  inspector  that  he  was  a  safe  and  com- 
petent man  for  the  place  (and  that  is  all  tiiat  an  in- 
spector can  require  of  a  man),  but  if  everybody  had  to 
hire  licensed  men  he  would  l)e  at  no  com])etitive  disad- 
vantage as  between  certified  and  uncertified  labor,  and  as 
for  skill,  we  have  never  found  that  less  skill  was  required 
to  run  an  intenial-cf)ml)ustion  than  a  steam  engine.  In- 
surance and  fire-department  regulations  regarding  the 
storage  of  oil  and  gasoline  are  likely  to  prove  more  oner- 
ous, within  centers  of  population,  than  the  legislation 
referred  to. 

The  disadvantage  wliich  arises  from  lack  of  uniformity 
'  in  the  boiler  laws  of  various  states  and  cities  is  a  real 
one,  not  only  to  the  iLser  but  to  the  maker  of  boilers. 
He  cannot  make  boilers  up  for  stock  and  is  obliged  to 
I  carry  all  kind.s  of  material  or  to  l)uy  in  small  lots  for 
each  order.  This  does  not  mean  that  the  interests  of  the 
boiler  manufacturers  can  be  liest  served  by  discouraging 
the  pa.ssing  of  any  more  such  laws  and  the  enforcement 
lof  those  already  on  the  books.  Their  real  interest  lies 
lin  having  uniform  laws  which  unify  and  standanli/e  the 
jwork  and  material  and  ])ut  the  man  who  gets  the  contract 
jby  skimping  the  material  and  .sligliting  the  work  out  of 
Ithe  ninning. 

The  best  interest  of  good  engineers  and   good    boiler 
|maker.s  lies  in  forwarding,  not  in  opposing  the  propo.sed 
luniform  legislation  for  the  inspection  of  boilers  and  the 
lamination  and  licensing  of  engineers. 


To  manj-  engineers  the  design  of  a  generating  station 
on  the  so  called  imit  system  appears  cut  and  dried  prac- 
tice. Doubtless  systematization  can  be  carried  too  far 
in  the  treatment  of  engineering  questions  bearing  upon 
power  development,  but  experience  shows  that  departures 
from  uniformits'  in  equipment  arrangement  sometimes 
lead  to  troublesome  complications,  particvdarly  where 
such  changes  from  regularity  are  made  to  reduce  first 
cost.  Thus,  in  a  hydro-electric  station  of  four  units, 
the  exciter  turbines  were  arranged  to  receive  their  water- 
supply  from  the  penstock  of  one  imit,  the  other  three 
penstocks  being  connected  to  their  respective  wheels 
without  any  auxiliary  piping.  In  each  penstock  a  Ven- 
turi  meter  recorded  the  flow  of  water  in  the  usual  way. 

Since  the  meter  in  one  penstock  recorded  the  flow 
through  the  corresponding  generating  imit  and  the  ex- 
citer turbine  carrying  the  plant  at  any  particular  time, 
it  was  impracticable  accurately  to  determine  the  rate 
of  flow  through  the  main  turbine.  To  estimate  this  it 
was  necessarj'  to  oj)erate  two  turbines  and  their  gen- 
erators at  as  nearly  equal  load  as  possible,  one  of  the 
penstocks  supplying  the  exciter  turbine,  which  ran  at 
practically  constant  gate  opening.  Curves  were  plotted 
in  millions  of  gallons  per  24  hr.  as  ordinates  and  gate 
openings  as  abscissas,  and  it  was  assumed  that  since  these 
turbine  miits  were  of  the  same  rating  and  design,  the 
difference  in  ordinates  of  these  curves  for  a  partictilar 
gate  opening  would  give  the  rate  of  flow  through  the 
exciter.  It  was  not  found  feasible  to  check  this  method 
closer  than  300,000  gal.  in  24  hr.,  but  this  was  within 
4  per  cent,  of  the  total  water  consumjition  of  the  ex- 
citer turbines. 

This  approximate  metliod  of  determining  the  water 
consumption  of  the  turbine  whose  penstock  also  sup- 
l)lied  the  exciter  would  not  have  been  necessary  had  the 
vaut  plan  of  station  design  been  followed  in  whicli  each 
exciter  wheel  has  its  own  inde])en(lent  pipe  connection 
with  the  forebay.  Tlie  first  cost  probably  would  have 
been  increased  somewliat,  I)ut  not  enough  to  overcome  the 
advantage  of  being  al)lc  to  read  the  water  consumption 
rate  and  total  flow  with  98  per  cent,  accuracy  from,  say, 
half  load  to  al)out  25  per  cent,  overload  on  each  of  the 
main  turbines. 

Jlore  and  more  the  accurate  measurement  of  water  in 
hydro-electric  stations  is  receiving  the  deserved  attention 
of  engineers;  in  many  cases  it  is  as  important  as  the 
measurement  of  fuel  in  steam  plants,  and  where  meters 
such  as  the  Venturi  are  installed  to  check  the  perfor- 
mance of  the  various  station  units  and  to  forestall  fall- 
ing off  in  operating  eliiciency  or  to  control  more  closely 
the  reservoir  and  discharge  conditions,  it  is  a  pity  not 
to  make  the  best  ])ossible  installation  of  equipment  on 
the  station-unit  principle  and  thus  obtain  the  best  re- 
sults of  a  far-sighted  investment. 
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The  owner  of  a  fairly  prosperous  shop  was  asked  not 
long  ago  why  he  did  not  keep  things  picked  up  and  swept 
up  better.  His  reply  was  that  if  he  did  his  customers 
would  think  he  had  nothing  else  to  do  and  would  take 
tlieir  work  elsewhere.  Wh  th  r  this  is  false  philosophy 
or  not,  it  is  a  fact  that  an  engine  room  is  apt  to  be  the 
most  presentable  part  of  a  manufacturing  plant.  As  an 
index  of  good  management  it  is  the  exact  opposite  of  the 
idea  expressed  by  tliis  particular  shop  owner.  The  less 
an  engineer  has  to  do  the  greater  his  value.  If  he  is 
continually  fixing  up  leakj'  couplings  and  packing  pis- 
ton rods,  it  is  an  indication  that  he  is  doing  something 
that  lie  should  have  done  some  time  before  or  else  that 
he  tries  to  economize  on  cheap  packing  that  is  not  worth 
using. 

An  engineer  who  has  a  Corliss  compound  in  a  nice 
light  room  with  rubber  matting  all  aroimd  and  a  hand- 
some switchboard  to  show  his  friends  feels  compelled  to 
keep  his  plant  in  nicer  shape  than  his  wife  does  her  par- 
lor. The  other  poor  fellow  who  finds  a  broken  do^^^n 
cripple  of  a  slide-valve  engine  in  a  dark  corner  fenced  off 
from  the  rest  of  the  shop  by  nothing  more  substantial 
than  a  pile  of  scrap  castings,  has  a  right  to  an  attack 
of  the  blues.  He  thinks  he  is  not  likely  to  be  found  there 
by  someone  who  wants  a  man  in  one  of  the  nice  plants 
and  he  is  apt  to  let  things  go  as  he  finds  them  and  trust 
to  luck  to  find  a  better  Jcb.  That  is  where  he  is  mis- 
taken. A  neat,  clean  engine,  running  smoothly  and  keep- 
ing at  it  every  day  will  attract  more  attention  among 
such  surroundings  than  it  will  wher?  such  things  are 
expected.  There  may  not  be  many  mill  or  shop  owners 
uoming  around  to  visit  the  plant,  but  salesmen  whose 
business  it  is  to  know  every  plant  will  come  and  they 
can  do  nothing  better  for  themselves  than  to  tip  off  an 
owner  as  to  where  a  g  od  engineer  is  to  be  foimd.  One 
can  never  go  far  enough  off  to  get  out  of  sight  and  hear- 
ing of  men  who  might  be  friends. 

An  engineer  who  keeps  things  clean  and  does  nothing 
else  is  a  faker  and  no  more.  Neatness  must  be  a  by- 
product of  ability  or  it  is  worthless. 

Considerable  space  in  Power  is  devoted  to  adviie  to 
engineers  to  improve  their  condition  and  qualify  for 
higher  salaries,  shorter  hours  of  labor,  etc.  This  advice 
is  good  and  should  be  appreciated,  but  how  about  the 
fireman  ? 

Seldom  is  any  disposition  shown  by  the  men  who  are 
employed  in  the  fireroom  to  study  to  improve  their  con- 
dition, or  to  follow  instructions  when  the  work  or  meth- 
ods were  not  entirely  in  accord  with  their  hard  and  set 
way  of  firing.  Still,  }'0u  will  hear  them  complain  about 
the  hard  work,  the  small  pay  and  the  long  hours.  The 
fireman  will  tell  you  very  quickly  how  many  pounds  of 
coal  he  wheeled  in  and  burned  under  the  boilers,  how 
many  barrows  of  clinkers  and  ashes  he  wheeled  out  dur- 
ing his  watch.  He  will  tell  you  all  this  in  a  way  to  im- 
press you  with  his  ability  to  burn  coal  and  clean  fires, 
but  did  you  ever  hear  one  say  anything  about  how  much 
water  he  evaporated  per  pound  of  coal  during  his  watch, 
or  that  he  found  that,  with  the  espe;:ial  grade  of  coal 
he  was  burning,  a  fire  maintained  at  a  certain  thickness 


gave  the  best  results,  or  that  he  was  able  to  maintain  con- 
stant steam  pressure  by  watching  his  water  gage,  or  bet- 
ter results  were  obtained  by  him  because,  instead  of  filling 
the  furnace  with  coal  clear  up  to  the  door  and  sitting 
down  and  v/aiting  for  it  to  burn,  he  puts  the  coal  in  in 
small  quantities  and  as  r.gularly  as  required,  keeping  the 
f  u-naie  doer  :-losed  as  mu'-h  as  possible,  and  only  by  sys- 
tematic firing  can  this  be  done. 

The  fireman,  as  a  rule,  is  a  hard-worked  man  and  most 
fire  rooms  are  n't  very  pleasant.  They  are  hot  and 
dusty,  accommodations  fcr  washing  and  toilets  are  poor 
and  frequently  the  fireman  has  to  go  hoine  dirty,  which 
does  not  cause  him  to  like  his  job  any  too  well.  The  av- 
erage fireman  does  not  realize  the  important  position, 
he  fills  in  the  plant.  Generally  he  is  in  charge  of  boilers 
located  in  buildings  costing  thousands  of  dollars,  in 
which  are  employed  a  large  number  of  people.  Unless  he 
is  alert  and  onto  the  job,  damage  might  be  done,  or  the 
works  closed  down  for  want  of  proper  and  efficient  at- 
tention to  duty. 

Better  conditions  would  exist  if  there  were  more  co- 
operation between  the  engineer  and  fireman.  The  fire- 
man should  improve  himself  by  studying  condi'ions  of 
the  boilers  and  furnaces  he  is  working  in  order  to  im- 
prove and  demonstrate  his  ability  to  his  employer  and 
show  that  his  aim  is  to  get  all  that  is  possible  out  of  Ms 
plant  at  the  least  possible  cost  by  constant  attention  to 
every  detail  where  waste  might  exist.  The  employer,  on 
the  other  hand,  should  study  the  comfort  of  the  fire- 
man and  give  him  decent  and  proper  facilities  so  that  he 
may  go  home  clean.  He  should  show  that  he  is  inter- 
ested in  him  and  that  he  expects  the  fireman  to  study  hh 
interest  in  return.  As  soon  as  the  emploj'er  realizes  that, 
to  economically  operate  his  plant,  he  must  look  tc  the 
interest  of  his  men,  and  the  employee  in  the  fireroom  rea- 
lizes that  to  better  his  condition  he  must  improve  by  close 
application  to  study  in  his  chosen  line  and  by  giving 
his  employer  the  best  there  is  in  him,  the  better  it  will  be 
for  both. 


Power  has  been  charged  with  putting  imdue  stress 
upon  the  liability  of  bumped  heads  of  large  size  to  fail 
from  the  effect  of  repeated  flexure  about  the  line  where 
the  radius  of  curvature  changes.  Since  our  warning  waa 
sounded  another  disastrous  explosion  has  happened  from 
this  cause  and  the  ilassachusetts  Board  of  Boiler  Eule^ 
proposes  to  stiffen  up  its  requirements  with  regard  to 
bumped  heads  by  increasing  the  factor  in  its  formula 
from  5  to  8J  and  making  the  radius  of  the  short  curve 
three  or  four  times  the  thickness  of  the  material.  The 
British  Board  of  Trade  restricts  the  use  of  bumped  heads 
to  drums  of  48  inches  and  under. 


If  you  do  not  record  the  coal  consumption  and  energ} 
output,  you  can  never  know  how  much  steam  can  leali 
through  a  small  hole. 


Latest  bulletin  of  the  Mellon  Institute  says  Pittsburg 
should  be  tlie  greatest  center  in  the  world  for  combv 
tion  engineers.  But  who  wants  to  assume  responsibilitj 
for  the  job  of  making  Pittsburgh  smokeless? 
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This   dral't-gage  suppor 
ings  at  different  ])oinls  in 

The  base  is  of  2-in. 
hoard  about  a  foot 
square,  to  which  is 
fastened  a  floor  flange 
screwed  on  a  1-in.  pipe 
some  4  ft.  long.  A 
IxYn-in.  reducing  cou- 
pling is  reamed  out  to 
allow  a  ',/;-in.  pipe  to 
slip  through  it  and  is 
drilled  and  tapped  for 
a  setscrew,  as  shown. 

A  Yo-in.  pi])e  ;3  ft. 
long  is  flattened  for 
6  in.  and  drilled  to 
receive  two  bolts  which 
liold  a  2-in,  angle-iron 
leveling  support.  The 
flattened  pipe  extends 
high  enough  above  the 
angle  iron  to  receive 
the  bolt  which  holds 
the  draft  gage  in  ])lac>. 
There  is  a  setscrew  '-it 
each  end  of  the  angic 
iron  for  leveling  tlii 
draft  gage.  By  nieiu;^ 
of  these  adjustnicnis 
the  instrument  iiu:v 
be  set  and  lexclccl 
<|uiekly. 

CkCIL   f'.VIIKHl. 

('o]iinil)U8,  Ohio. 


t   is   useful    wlirii    tal<inj: 
lioiler  settiims. 
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J.  C.  Hawkins'  diflicultics  duo  lo  the  funnatinn  of 
clinkers  on  the  side  walls  of  boiler  furnaces  and  the  vn- 
ridus  methods  ho  has  employed  to  prevent  tliis  ilinker- 
iiig  are  interesting,  vet  it  is  hardly  surprising  that  iie  was 
not  entirely  sucecssfii;  ii  his  efforts.  In  the  first  place, 
none  of  the  bricks  or  otiici  i.i-.ti  rials  suitable  for  boiler- 
furnace  conslruction  will  pri '  1 1  t  the  adherence  and 
building  up  of  clinkers,  rurthermore,  his  efforts  were 
not  directed  against  tin;  formation  of  clinker,  but  rather 
against  its  sticking  to  Ibe  brickwork. 

A  very  simjile  remedy  for  troiii)les  of  this  kind  is  the 
use  of  steam  jets.  Tlle^:e  jets  should  be  so  located  that 
Ibey  will  ])lay  ujioii  tiie  side  walls  where  the  clinker  for- 
niation  occurs.  Only  a  small  amount  of  steam  is  re- 
quired and  the  apparatus  for  api)lying  it  is  quite  simple. 

A  piece  of  1/2-  *"■  %-'"•  pipiJ  having  a  longitudinal  row 
of  small  orifices  and  applied  to  each  side  wall,  on  the  in- 
side, of  course,  will  do.  This  Jiipe  may  be  easily  iuserteil 
llirough  the  fiirriai-e  front  and  f.a.stened  to  the  side  wall. 


The  inserted  end  should  be  capped,  whereas  the  other  end 
may  be  connected  either  with  the  steam  line  or  to  the 
boiler  itself,  as  may  be  mo.st  convenient.  The  length  of 
the  pipe  is  go\erned  by  local  conditions;  that  is,  by  the 
length  of  clinker  formation  on  the  walls. 

It  is  rather  amusing  to  note  Mr.  Hawkins'  comments 
on  tlie  smoke  question  and  his  way  of  keeping  within  the 
law.  The  emission  of  smoke  from  a  stack  at  night  is  ju«t 
as  much  an  infraction  of  the  law  as  during  the  day.  Mr. 
Hawkins  merely  takes  advantage  of  the  smoke  inspector's 
inability  to  catch  him  at  it.  A  better  result,  so  far  as  the 
smoke  problems  is  concerned,  might  be  obtained  if  the 
(ires  are  cleaned  oftener,  so  that  they  will  not  get  into 
bad  condition.  Moreover,  there  should  be  no  necessity 
for  "barring"  a  fire  when  an  underfeed  stoker  is  used, 
and  this  practice  can  be  almost  entirely  eliminated  Ijy  ex- 
ercising care  and  watchfulness.  It  seems  to  be  a  difficult 
matter  to  prevent  firemen  from  "workiug"  the  tires  un- 
necessarily.   There  must  be  some  fascination  about  it. 

EvKR.vRii  BnowN. 

Pittsburgh,  IVnn.  ' 


Having  e\perien<-ed  much  dillieulty  with  the  various 
types  of  hygrometers,  I  made  the  iiisti'iiment  shown  in 
the  illustration. 

Tn  the  center  of  Ibe  sheet-iron  ho.\  a  frame  was  fitted 
lip  with  eight  l-ineh  pulleys  on  top  and  bottom.  Through 
these  was  drawn  ii   cord.     .'Vs  hemp  cord  shortens  when 


IlKMrcoiii)    1Im;i;o\;  irri';!; 

damp  and  lengthens  in  drying,  ibis  means  was  used  to 
work  the  arm  of  the  indicator  .1.  'I'his  o])erates  in  a 
semi-circular  form  upon  the  arch  B,  graduated  as  shown; 
the  weight  ('  gives  tension  to  the  line  on  the  pulleys. 

The  moM'nieiit  of  iiulicator  .1  accurately  shows  the 
state  of  the  air  from  very  wet  running  downward  to  very 
drv.  J.  A.  Luc.vs. 

'\eW    ^'.Uk  OitV. 
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e  Valve 

:SpotHl  is  tlu'  i>riiu'ii>al  fiiL-tiir  in  enu'i-jjoncy  cases  and 
every  minute  saved  on  a  brieak-down  job  means  dollars  to 
the  owner.  The  valve  of  a  100-hp.  engine  came  into  the 
shop  broken  as  shown.  This  accident  caused  a  large 
plant  to  shut  domi  until  a  rush  repair  job  could  carry  it 
on  temporarily  and  a  new  valve  could  be  put  in. 

On  being  turned  over  to  the  repair  man,  he  said  that 
the  valve  woTiid  be  ready  for  use  in  a  short  time.  He  was 
laughed  at.  but  told  to  go  ahead. 


U  LK 


^ 


K'ki'.viu  C'o.mi>i,ktki> 

The  valve  was  ]nit  on  a  surface  plate  and  the  broken 
pieces  carefully  clanii)ed  in  ])lace  and  drilled.  Machine 
screws  were  put  in  as  shown,  using  spacers  at  .1  and  B, 
thus  making  the  valve  as  serviceable  as  it  was  originally. 
The  repair  was  finished  in  about  one-half  the  time  it 
was  expected  to  take. 

Fred  E.  L.vikd. 

Yonkers,    X.    Y. 

A  vacuum  heating  system  is  \uidoubtedly  a  fine  thing 
when  properly  installed  and  operated,  or  it  may  he  a 
source  of  great  annoyance  to  an  o])erating  engineer.  The 
plant  in  which  I  am  employed  is  considered  the  finest  for 
its  size  in  the  Xorthwest.  It  has  a  vacuum  heating  sys- 
tem as  part  of  its  equipment. 

On  going  over  the  plant  for  the  first  time,  I  found 
that  the  vacuum  pump,  instead  of  moving  at  a  slow, 
steady  gait,  was  making  about  80  strokes  per  minute. 
The  night  engineer  remarked  that  the  px'evious  chief 
examined  the  valves  about  once  each  week,  but  never 
could  overcome  its  nervousness. 

The  next  day  I  gave  the  water  end  a  thorough  over- 
hauling; the  valves  were  in  good  condition,  but  the  water 
piston  was  minus  even  the  slightest  hint  of  packing. 
This  being  remedied,  the  pump  settled  down  to  woi'k  in 
a  normal  manner.  This  was  during  moderate  weathei- 
and  with  atmospheric  pressure  on  the  heating  system. 
When  cold  weather  came  and  we  had  a  -l-in.  vacuum  on 
the  system,  the  pump  suffered  a  relapse.  Inspection  of 
the  valves  and  packing  failed  to  show  the  cause. 

Upon  looking  over  the  piping,  I  found  that  the  pump 
discharged  into  an  overhead  tank  which  was  vented  to 
the  atmosphere.  From  this  tank  the  returns  flowed  to 
the  open  heater  through  a  4-in.  line.  As  the  return 
water  was  insufficient  to  keep  the  line  to  the  heater  sealed 
for  the  greater  part  of  the  time,  the  air  thereby  ad- 
mitted to  the  heater  had   to  he  handled  by  the  pump. 


The  defect  was  overcome  by  putting  a  6-ft.  water  seal 
in  the  line  from  the  tank  to  the  heater,  and  there  v,as  a 
marked  reduction  in  s])eed. 

However,  there  still  seemed  room  for  improvement, 
and  my  suspicion  fell  on  the  line  which  trapped  the  oil 
separator.  This  line,  on  being  disconnected  on  the  dis- 
charge side  of  the  trap,  proved  the  suspicion  was  well 
founded.  There  would  be  a  suction  of  air  into  the  line 
for  perhaps  a  minute,  and  then  a  long  discharge  of  a 
full  stream  of  oily  water.  A  water  seal  was  also  inserted 
in  this  line,  the  trap  removed  and  the  line  left  open 
for  a  few  days  to  watch  the  result.  After  blowing  down 
the  boilers,  a  fiill-sized  stream  of  muddy  water  issued 
from  this  pipe,  and  there  was  revealed  another  peculiar 
condition. 

The  blowoft'  line  leads  into  a  blowoif  tank  and  the  drain 
line  from  the  back  pressure  valve  discharges  into  the 
same  tank.  Blowoff  water  from  the  boiler  had  backed 
up  this  drain  line  into  the  exhaust  line  and  had  flowed 
back  until  the  separator  had  caught  it  and  shot  it  through 
the  separator  drain.  It  was  easy  to  see  that  air  could 
enter  where  water  could  go  when  there  was  a  4-in.  vacuum 
to  entice  it.  So  a  check  valve  was  placed  in  the  drain 
line  of  the  hack  pressure  valve  and  at  last  the  ])ump 
got  down  to  something  like  normal  speed. 

E.  S.  FiTz. 

St.  Paul,  Minn. 

Mr.  Sandstrom  obviously  refers  to  that  type  of  con- 
veyor in  which  a  current  of  air  is  maintained  by  a  com- 
pressor, positive  blower  or  fan.  His  figures  seem  to  be 
deduced  from  experience  with  one  conveyor  only,  and 
improperly  designed,  as  is  indicated  by  the  unnecessarily 
large  motor,  the  excessive  wear,  and  the  fact  that  the  con- 
veyor was,  as  he  says,  abandoned.  Scores  of  conveyors 
of  this  general  type  are  in  use,  and  only  a  few  of  the 
earlier  installations  have  not  proved  economically  effi- 
cient. A  comparative  survey  of  the  field,  noting  the 
character  of  the  plants  in  which  these  conveyors  are  suc- 
cessfully operated  and  the  names  of  the  engineers  who 
have  repeatedly  specified  them,  would  prove  that  the  fail- 
ure mentioned  by  Mr.  Sandstnmi  is  the  exception  rather 
than  the  rule. 

The  figures  of  operation  cost  as  deduced  are  fairly 
close  to  the  actual  cost,  the  eri-ors  tending  to  balance 
one  another.  The  items  are  discussed  imder  the  heads  of 
power,  labor,  interest  and  depreciation.  I  criticize  them 
as  follows:  A  conveyor  having  7  tons  capacity  per  hour 
would  require  a  motor  of  from  15  to  30  hp.^  never  ex- 
ceeding the  latter  unless  of  great  length  or  having  an 
unusual  number  of  turns.  The  cost  of  electrical  power 
varies  with  the  locality  and  the  conditions,  but  5c.  per 
ton  is  a  fair  average  figiire. 

One  man  can  easily  feed  7  tons  of  ashes  an  hour  to  a 
conveyor  under  ordinary  conditions.  In  many  cases,  the 
hoppers  are  under  the  stoker  hoppers,  thus  minimizing 
this  labor.  In  most  plants  as  small  as  the  one  under  con- 
sideration, no  extra  labor  is  required  as  the  regular  fire- 
man feeds  the  ashes  to  the  conveyor,  working  a  few  min- 
utes at  a  time  at  intervals  during  the  day.  One-half 
of  Mr.  Sandstrom's  figure,  or  2.8c.  per  ton,  is  ample. 


•See  also  ApHl  7.  July  7.  Sept.   8,  1914.  is.sues. 
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In  estimating  the  cost  of  complete  installation,  Mr. 
Sandstrom  omits  tlie  motor  and  exhanster,  which  is  more 
than  fair  to  the  conveyor  manufacturer.  A  conveyor  for 
such  a  plant  as  he  describes  would  cost  not  less  than 
$3500,  and  with  a  large  tank,  under  some  conditions, 
might  reach  $4500,  including  trenches,  floor,  plates, 
etc.  Assuming  as  an  average  $4000^  the  interest  amounts 
to  7.6c.  per  ton. 

Depreciation  is  the  cost  iti^n  which  depends  most 
largely  upon  the  proper  design,  care  and  operation  of  a 
conveyor.  Mr.  Sandstrom's  figure  shows  a  depreciation 
of  $400  per  annum  in  the  plant.  I  am  familiar  with  a 
conveyor,  built  about  eight  years  ago,  where  the  repairs 
cost  less  than  $15  per  year.  The  motor  is  25  hp.  and 
the  amount  of  ashes  handled  consideral)ly  exceeds  8.64 
tons  per  day.  The  tank,  although  unlined,  has  never 
been  repaired,  but  is  painted  occasionally. 

Another  conveyor,  in  operation  over  four  years,  re- 
moves tlie  ashes  from  ten  500-hp.  boilers;  it  has  a  30- 
hp.  motor.  The  repairs,  according  to  the  user,  have  cost 
considerably  less  than  $25  per  annum.  The  conveyor 
has  never  been  out  of  commission,  and  the  engineer  lias 
since  specified  another  conveyor  which  has  been  installed 
and   is   operating  succes.-fully. 

A  large  conveyor,  of  18  tons  capacity  per  hour,  has 
been  in  operation  for  more  than  four  years,  handling 
from  40  to  50  tons  per  day  at  an  annual  cost  for  repairs 
of  less  than  $50.  This  shows  a  cost  under  i/^c.  per  ton 
of  ashes  handled. 

A  study  of  the  records  of  a  large  number  of  plants 
shows  that  repairs  vary  from  $10  to  $300  per  annum: 
cost  of  plants,  from  $3,500  to  $10,000 ;  aslies  handled  per 
year,  from  3000  to  20,000  tons.  It  is  interesting  to  note 
that  the  highest  repairs  cost  is  frequently  in  smaller 
plants,  probably  because,  where  the  amount  of  ashes 
is  large,  the  r/Cmoval  is  of  sufficient  importance  to  secure 
supervision  of  the  conveyor. 

In  arriving  at  the  cost  of  rejiairs,  records  from  many 
plants  show  tliat  $150  per  annum  is  more  than  liberal 
for  a  plant  of  the  size  and  capacity  mentioned  by  Mr. 
Sandstrom.  This  amounts  to  4.7c.  per  ton  handled.  The 
total  cost  as  taken  from  the  records  of  many  plants,  is  as 
follows:  Power,  5c.;  interest,  7.6c.;  labor,  2.ac.;  depre- 
ciation, 4.7c. ;  cost  per  ton,  20.1c. 

It  is  not  my  purpose  to  establish  a  fixed  price  per  ton 
for  ashes  handled,  as  this  will  vary  through  wide  limits 
with  varying  conditions.  A  cost  of  25c.  per  ton  for  tak- 
ing ashes  hot  from  the  pits  and  placing  them  qu/enched  in 
cars  or  carts  outside  the  boiler  room  is  not  excessive 
where  the  total  amount  is  small.  Anyone  who  thinks  he 
does  it  for  less  by  the  u.«e  of  wlipelbarrow.s,  industrial 
cars,  skip  hoists  or  mechanical  conveyors,  probably  does 
not  include  all  the  items  which  enter  into  the  cost. 

W.  W.  ElCKKH. 

New  York,  X.  Y. 

As  I  liave  long  rccogni/cd  tiie  fall'acy  of  speaking  of 
fnel  in  terms  of  wciglit  and  also  comparing  plants  on  a 
basis  of  pounds  of  coal  ])cr  kilowatt-bour  generated,  I  was 
much  pleased  with  the  article  liv  Mr.  Smith  in  the  Aug. 
11  ififiue  on  "Comparing  Power  I'lant  Efficiencies." 

Our  coal  is  a  low-grade;  bitiiniinous.  mined  from  a 
Iseam  about  4  ft.  thick.      The  mine   mid   also  the  power 


plant  are  municipally  owned  and  operated,  Lethbridge 
being  the  only  city  in  western  Canada  owning  and  oper- 
ating a  civic  mine.  It  is  situated  about  2000  ft.  from  the 
plant,  the  coal  being  hauled  in  small  cars  and  dumped 
into  a  receiving  hopper,  thence  through  a  crusher  and 
conveyor  to  the  bunkers,  and  from  there  it  is  fed  through 
spouts  to  the  chain-grate  stokers.  The  proximate  analy- 
sis is  as  follows : 

Moisture    6   55% 

Volatile '.'.['.'.'.'.'.'.'.'.'.'..[]  39:32% 

Fixed  Carbon   32  9S  % 

-i^sh   • '...'.'.'.'.'.  21 ;  15 % 

.Sulphur   1.21% 

Bt.u 9718 

The  coal  as  fired  is  run-of-mine,  which  accounts  for 
the  large  percentage  of  ash,  and  is  about  the  same  grade 
as  the  "Illinois"  coal  u,«ed  in  plant  No.  3  in  the  article 
mentioned.  It  is  interesting  to  compare  our  average  for 
seven  months  with  their  average  for  six  months. 

LETHBRIDGE  PL,ANT 

Lb.  Coal  B.t.u.  per  Kw.-Hr.  per 

^-Jo"-  ^J^l-""""-        per  Kw.-Hr.        Kw.-Hr.  Million  B.t.u. 

9<18  2S3,5S5  5.34  51,115  19.76 

PLANT  NO.   3 

S63!)  991. 7S0  5.42  52.242  19.125 

For  an  installation  with  an  output  of  approximately 
one-third  that  of  plant  No.  3,  this  is  a  fairly  good  show- 
ing, 

Arthur  Reid, 
Comnii-ssioner  Public  Utilities. 
Lethbridge,  Can. 


©2°    Madle    frosHTi   a. 

In  (Hir  plant  a  recent  change  made  it  necessary  to  have 
compressed  air  at  a  pressure  of  40  lb.  or  more.  As  it 
was  something  of  an  experiment,  I  could  not  recommend 
purchasing  a  new  air  compressor,  so  I  decided  to  make  a 
compressor  out  of  an  old   two-cylinder,  air-cooled,   ma- 
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riiie-type  gas  engine  which  was  not  to  be  u.sed  as  an  en 
gine  again. 
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This  fiio-ine  had  a  closed  crauk  case  and  a  wheel  on  one 
end  of  the  shaft.  The  spark  plugs  being  set  in  as  at 
.4,  it  was  oidy  necessary  to  ream  out  and  tap  these  holes 
to  %  in.  Into  these  holes  I  screwed  a  close  nipple  with 
a  check  valve,  as  at  B,  for  the  suction  valves. 

The  head  plates  were  drilled  and  tapped  for  half-inch 
nipples  having  check  valves  for  discharge  valves.  The 
two  checks  in  the  heads  were  then  piped  together  and 
the  compressor  was  ready  to  run.  It  has  operated  with 
excellent  results,  carrying  50  to  80  lb.  pressure,  nine 
liours  per  day  at  a  speed  of  90  r.j).m.  The  total  cost  of 
ihe  change  was  about  $6. 

A.    1).    I'ALMEli. 
I  )<irclK'ster.   Mass. 

Ks£pIo§B©ini  aia  AfliP  C©2iapiP®ss®2° 

On  page  73,  July  14,  ilr.  Oerlichs  does  not  state  the  air 
pressure  used.  If  it  is  high,  say,  150  lb.,  or  even  100, 
his  trouble  should  not  have  been  unexpected  from  the 
amount  of  oil  used.  At  present,  I  have  no  air  compres- 
sors, but  I  intend  to  try  lubricating  with  a  mixture  of 
soapy  water  and  graphite,  fed  by  a  pump  lubricator  fitted 
with  a  check  valve  having  a  spring  of  sufBcient  strength 
to  prevent  the  compressor  suction  from  drawing  in  the 
mixture.  Of  course,  lubricating  with  such  a  mixture 
will  necessitate  cleaning  out  the  receiver  occasionally,  but 
it  will  certainly  remove  the  danger  of  au  explosion. 

E.  R.  Pearce. 

IJofhdale,  England. 

On  .Saturday,  -lidy  11,  a  boiler  accident  occurred  at 
the  Taugh  Oakes  mine,  Swastaka,  as  a  result  of  which 
one  man  was  killed  and  another  badly  scalded.  It  ap- 
pears that  the  out.«ide  source  of  electric  power  was  cut 
off,  and  the  mine  started  up  its  own  steam  plant.  Some 
of  the  tubes  were  leaking  so  repairs  were  begun.  Finally 
there  was  one  tube  short  of  enough  to  finish  tlie  replace- 
ments, so  a  through  rod  was  put  in  with  two  ordinary 
cast-iron  washers  with  gaskets  on  the  tube  plates,  the 
nuts  were  tightened  up  and  steam  raised  to  120  lb.  pres- 
sure. Soon  after,  the  Joint  in  the  firebox  began  to  leak 
badly  and  the  master  mechanic  went  to  the  smoke  box 
end,  to  tighten  up  on  the  rod,  when  the  nut  on  the  fire- 
box end  stripped  with   the  disastrous  results   as  stated. 

It  seems  strange  that  men  will  take  such  chances  with 
pressure  like  that  after  so  many  accidents  have  hap- 
pened in  the  past.  The  tube  will  have  to  be  put  in  after 
the  accident,  why  not  before? 

J.    B.    IllLLIAED. 

Haileyburg,  Ont.,  Canada. 


)esagim!iES.g  ■^s..  to 

My  experience  corroborates  that  of  Edwin  "W.  Creed, 
on  page  64,  Jiily  14.  I  am  running  an  engine  the  main 
body  of  which  is  cast  to  form  a  hood  over  the  stuffing-box 
and  forward  so  far  that  it  is  a  long  reach  to  get  at  the 
stuffing-box ;  the  ends  of  the  guide  bars  extend  to  within 
%  in.  of  the  gland  bolts.  The  piston  rod  cannot  be 
packed  when  the  engine  is  hot,  and  after  the  nuts  are 
taken  off  the  gland  must  be  pulled  back  and  turned  quar- 


ter way  around  to  get  it  t)ack  between  the  guides;  the 
])acking  must  be  put  in  and  the  gland  and  nuts  put  back 
with  one  hand,  as  there  is  not  enough  room  to  get  both 
b.ands  in. 

In  order  to  adjust  the  bottom  guide  bars,  the  connect- 
ing-rod must  be  disconnected  at  both  ends,  the  piston 
rod  taken  out  of  the  crosshead,  the  top  guide  bars  taken 
off  and  the  crosshead  lifted  out.  It  now  takes  two  men 
one  day  to  do  the  job,  whereas  one  man  could  do  it  in 
lialf  an  hour  if  the  engine  were  properly  designed.  If 
the  crosshead  brasses  must  be  examinetl,  disconnect  the 
crank  end  of  the  rod  and  turn  it  straight  up ;  take  out 
the  two  bolts  and  the  key  holding  the  strap,  and  take  out 
the  brasses;  reverse  this  order  to  get  them  all  back  again. 

If  I  had  been  in  Mr.  Creed's  place,  I  would  have  held 
up  the  job  and  insisted  that  the  piping  be  done  correctly. 

A.   A.  BLAXCTTAT)n. 

Oxford,  N.  J. 


Gs'aipIhiM®  ana  ^  Mnmi©  IBoaleir 

One  boiler  was  a  water-tube  of  13.")  hp.  and  thc^  other 
a  tubular  of  about  100  hp. ;  both  were  using  mine  watei- 
and  had  at  least  14  i^-  of  scale  on  the  inside  of  the  tubes 
and  on  the  sheets  in  the  drums.  In  some  places  the  scale 
was  ^s  in.  thick. 

I  decided  to  try  graphite,  but  was  doubtful  of  results : 
we  put  it  in  freely  with  the  feed  water.  I  opened  the 
l)oilers  at  the  end  of  one  week,  and  although  the  graphite 
bad  no  apparent  effect,  we  still  kept  on  using  it.  1 
o])ened  the  boilers  again  in  30  days  and  found  that  the 
scale  was  cracking  off  in  places.  At  the  end  of  two 
months  our  boilers  were  cleaner  than  they  had  been  in 
ten  years,  and  I  believe  at  present  they  are  practicallv 
free  from  scale. 

We  took  scale  out  of  the  drums  in  sheets,  some  as 
large  as  18  in.  square.  I  found  that  the  scale  did  not 
drop  off  much  of  its  own  accord  except  in  the  tubes, 
but  as  soon  as  it  was  struck  with  the  scaling  hammer 
it  came  off  in  large  pieces. 

A.    S.    TiDMAX. 

Yonkers,  N.  Y. 


simifi 
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Reading  the  account  of  an  accident  to  a  compressor; 
on  page  113,  July  21,  makes  me  wonder  why  engineers 
persist  in  putting  the  wheels  of  throttle  valves  directly 
in  line  with  flywheels,  and  why  a  quick-closing  throttle 
is  not  used.  Doulile  butterfiy  valves  are  a  success  as 
throttles  on  marine  engines  against  any  pressure,  and 
tliev  work  easily.  In  this  case,  it  is  reported  that  thej 
valve  turned  hard;  I  presume  that  it  would  take  at  least 
13  turns  to  close  it. 

By  using  quick-closing  throttles  on  all  engines  so  lo- 
cated that  they  can  be  handled  without  the  operator  stand- 
ing in  line  with  a  flywheel,  many  bad  accidents  could 
be  avoided. 

One  way  of  lubricating  a  hard-closing  throttle  is  to 

introduce  the  cylinder  lubrication  above  it.     In  this  way 

the  oil  will  come  in  contact  with  the  packing  and  keep 

it  soft  for  a  much  longer  time.  ; 

David   A.   Hr-jmini'v. 

Detroit.  Mich. 

t 
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Trouble 

Upun  taking  churgo  of  a  jilant,  I  found  lln^  governor 
on  a  16xl6-in.  engine  extremely  sluggish.  The  trouble  was 
finally  located  in  the  dashpot  lever  bolt  .4.   The  large  part 


8iioi!T  Hoi.T  Caused  Tkouhle 

iB  of  the  bolt  was  not  long  enough  by  %  of  an  inch, 
causing  the  lever  to  bind  on  the  inertia  bar.  A  new  bolt 
restored  the  governor  to  its  original  sensitiveness. 

E.    A.    TlCIIENOR. 

Beechwood,  W.   Va. 

Dies  Made  of  Stleel  Musts 

A  set  of  dies  made  of  steel  nuts  will  be  found  almost 
invaluable  in  the  plant.  They  are  especially  useful  in 
clearing  the  threads  on  stud  bolts,  in  place,  when 
the  studs  are  too  close  together  to  use  an  ordinary  die 

took.     In  the  absence  of  some  such  means  of  improving 

the  thread,  the  stud  must 

be  taken  out  and  threaded 

n  a  vise,  or,  more  likely, 

^e  nut  will  be  forced  on 

ind    the   stud    broken    be- 

ore  the  joint  is  maile  up 

)r   insufficient   pressure    is 

)Ut    on    the    gasket ;    then 

he    joint     will     be    lost. 

Vitli  the  die  nuts  the  studs 

ati   be   left   in    ])lace   and 

by  obstruction   cut    away 
y    running    the    die    nut 
own   on    the    thread    and 
flf  again. 
The    danger    of    broken 

uds  is  greatly  reduced  when  the  threads  are  clear,  as 
lie  tensile  strength  is  easily  sufficient  to  hold  a  joint, 
ut  the  torsional  strength  is  so  much  lower  that  the 
ud  may  be  easily  twisted  off.  The  labor  involved  in 
|rilling   out   one   broken    -hid    will    often    crpial    Ibat    of 


Set  of  Dies 


making  a  complete  set  of  die  nuts  as  shown.  They  are 
made  by  taking  steel  nuts  and  inserting  loosely  fitting 
studs  and  drilling  four  or  five  small  holes  between  tlu^ 
nut  and  stud.  If  the  stud  fails  to  unscrew  freely,  drill 
its  center  so  as  to  release  the  threads.  The  cutting  edget 
of  the  drilled  holes  should  then  be  trued  with  a  file  and 
the  nut  hardened  to  suit  the  kind  of  work,  and  the  job 
is  complete. 

J^iis  Powers. 
Xew  Bedford,  Mass. 


Tile  suction  vahe  blew  out  of  a  Ball  ammonia  com- 
pressor of  the  horizontal,  double-acting  type  withoiii 
warning  or  other  signs  of  distress.  The  illustration 
shows  the  design  of  the  suction  and  discharge  valves.  We 
found  the  bonnet  A  cracked  in  four  pieces  and  the  valve 
pot  body  B  cracked  the  whole  length  on  one  side  and 
part  way  in  another  place. 

Numerous  reasons  were  suggested  to  account  for  tlu 
accident.  One  was  that  a  slug  of  liquid  had  caused  the 
damage,  but  it  was  pointed  out  that  it  would  be  ea.siei 
for  the  liquid  to  jjass  out  throiigh  the  discharge  valve 
than  to  break  the  suction  valve;  besides,  the  machine 
was  running  rather  warm  at  the  time  and  this  would 
not  be  the  ca.se  if  tliere  was  liquid  enough  present  in  the 
suction  line  to  cause  any  trouble. 

Another  suggestion  was  that  the  setscrews  E  holding 
the  cage  C  in  place  had  backed  out  and  allowed  the  cage 
to  work  up  and  down  and  hammer  the  bonnet  until  it 
cracked  and  blew  out.  This  did  not  seem  plausible 
either,  because  the  cage  is  quite  heavy,  and  the  pressure 
has  no  tendency  to  shift  it,  and  the  valve  D.  if  it  was 
working  free,  would  not  lift  it.     However,  the  setscrews 


^^^^^^^ 


2^^^^^^ 


Section  of  Valve 


were  gone  over  regularly  on  all  the  machines  every  week 
for  some  time,  but  none  of  them  had  worked  loose. 

Three  months  later  another  valve  blew  out  uixler  iden- 
tically the  same  circumstances  on  another  machine.  This 
time  we  noticed  that  the  valve  D  had  curled  up  on  one 
edge,  as  if  something  had  struck  it  a  licavy  blow.  On 
closer  examination,  a  mark  on  the  piston  near  the  bottom 
indicated  where  it  had  struck  the  valve.  The  valve,  how- 
rver,  bad  no  business  being  in  a  position  where  the  piston 
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could  hit  it  when  the  piston  was  coming  back  if  it  was 
working  properly,  and  even  if  it  should  stick  open,  tlie 
cylinder  head  7'^  would  prevent  it  from  getting  liigh 
enough  for  the  piston  to  hit  it. 

It  was  found,  however,  that  the  cylinder  head  was 
worn  away  from  the  constant  hammering  of  the  suction 
valve  every  time  it  opened  as  indicated  by  the  dotted 
lines.  This  tended  to  cock  the  valve  over  on  ont'  side 
when  it  struck  the  head  and  most  likely  caused  tiie  valve 
to  stick;  it  also  allowed  the  valve  to  raise  high  enough 
for  the  piston  to  hit  it  when  it  came  back,  thus  causing 
the  break. 

To  avoid  further  troid)le,  we  turned  the  cylinder  heads 
on  each  end  of  each  machine  half  a  turn,  which  gives  a 
new  surface  for  the  valve  to  strike  against  and  prevents 
it  going  up  too  far. 

Thomas  G.  Tiiurstox. 

Chicago,  111. 

Eeferring  to  the  article  by  A\'alter  I>.  liodgc.  repi-intcd 
from  the  Engineering  di  .Mining  Jotirnal,  in  tiie  Aug.  4 
issue  of  Power,  I  would  state  that  if  anyone  wants  these 
clamps,  it  is  not  necessary  to  have  a  blacksmith  make 
them;  this  stjde  of  clamp  is  furnished  by  oil-well  and 
mill-supply  dealers. 

Such  clamps  are  made  for  all  sizes  of  cables  from  % 
to  11/4  inch.  The  discount  ])rices  range  Ji'om  $1  to  $4 
per  dozen.  The  clamps  arc  usually  furnished  either  in 
plain  or  galvanized  iron. 

L.   M.  JOHXSON. 

Emsworth.  Peint. 

Following  are  the  questions  asked  recently  by  tiie  board 
of  examiners  in  Boston,  of  applicant*  for  a  second-class 
engineer's  license,  as  .sent  in  by  one  of  our  subscriliers. 

I.  If  at  varying  loads  jt  Mcintosh  &  Seymour  engine 
runs  slow  or  fast,  how  do  you  adju.st  the  governor  to 
make  it  run  steadily? 

8.  How  does  the  automatic  work  on  a  Pickering  gov- 
ernor ? 

•"i.    What  liraces  are  needed  in  the  Heine  boiler? 

4.  How  do  you  test  the  Pickei-ing  governor  to  see  that 
it  is  working? 

5.  If  your  fireman  came  \\\i  and  told  you  the  feed  ])ipp 
was  blocked  with  scale,  how  would  you  tell,  without  going 
inside  of  the  boiler  ? 

6.  How  do  you  feed  from  the  heater  to  the  boiler? 

7.  How  do  you  distinguif;h  the  suction  valve  on  a 
Deane  duplex  pump,  also  the  discharge  valve? 

8.  How  do  you  pack  the  piston  on  this  jjunip  ? 

9.  If  you  have  two  pumps  exactly  alike,  one  being  used 
for  feeding  Ijoilers  and  the  other  for  pumping  out-doors, 
how  can  j-ou  tell  which  is  which,  if  all  piping  is  con- 
cealed? 

10.  Can  a  single-acting  juinip  be  made  to  work  double- 
acting? 

II.  If  the  end  of  tlie  lilowoff  runs  into  a  tank,  how  can 
you  tell  where  a  leak  may  bo? 

12.  If  you  had  a  battery  of  six  boilers,  and  the  blow- 
off  pipe  broke  on  one  of  them,  what  would  you  do  ? 

13.  What  and  where  is  the  follower  plate  on  a  pump  ? 


11.  Which  is  the  direct  and  which  the  indirect  side  ] 
of  a  pump  ? 

1.3.     How  do  you  find  the  clearance  on  an  engine? 

1(5.  How  does  the  valve  gear  operate  on  the  Brown  i 
engine  ?  ' 

17.  How  does  it  operate  on  the  h'ollins  engine?  ■{ 

18.  How  does  it  ojieratc  on  the  Putnam  engine?  ' 

19.  How  high  a  lift  has  the  po])i)et  valve  on  the  Put-  ' 
nam  engine?  '  i 

20.  Suppose  you  lengthen  the  long  reach  rod,  and  \ 
shorten  the  short  one,  what  effect  does  it  have  on  the  J 
tandem  compound  engine?  ^ 

21.  What  ett'ect  will  tlie  same  adjustment  ha\e  on  a  J 
single-cylinder  engine?  H 

'22.     How  would  you  ease  up  on  the  crankpin  of  the  ] 
liiijh-pressure  side  of  a  cross-coni])ound  engine  when  heat- 
ing? 

23.  Suppose  your  fireman  came  u])  and  said  the  piston 
on  the  direct  side  of  the  pump  was  broken;  which  <idi 
would  you  look  at  ? 

24.  What  diiferencc  would  it  make  to  the  clearance  byj 
keying  up  on  a  solid  end  connecting-rod,  aiid  what  dif 
ference  would  it  make  on  one  having  gib  and  key? 

25.  At  what  ]ioint  of  the  stroke  does  a  slide  valve 
cutoff  ? 

26.  How  would  you  fix  it  to  make  it  cut  off  at  seven- 
eighth,  stroke  ? 

27.  How  do  you  set  a  shaft  governor?  • 

28.  If  you  had  the  valves  on  a  riding  cutoff  one  open- 
ing %  in.  more  tlian  the  other,  how  would  you  alter  it? 

29.  If  you  bank  your  fires  at  night,  and  have  plenty 
of  water  in  tlie  boiler — you.  come  in  the  next  morning  and 
find  the  water  out  of  sight ;  where  did  the  water  go  ?  ^ 

30.  If  your  engine  is  cutting  off  at  one-fourth,  the: 
one-half,  then  two-thirds  stroke,  what  is  the  trouble? 

31.  How  much  lap  would  you  give  a  slide  valve? 

32.  If  one  of  the  pistons  is  going  slowly  and  the  othe 
going  quickly  on  a  duplex  pump,  what  is  the  matter  ? 

33.  If  you  key  up  both  crankpin  and  wristpin,  wouli 
it  make  any  difference  to  the  clearance? 

34.  Is  a  compound  engine  more  economical  than  a 
single-cylinder  engine? 

35.  Is  a  single  or  duplex  ]>unip  the  most  economical? 

36.  In  case  of  accident,  which  is  the  quicke-t  way  to 
shut  down  a  four-valve  condensing  engine  not  equipped 
with  electric  stop  motion? 

37.  If  the  emergency  stop  and  emergency  throttle 
valve  on  a  1000-kw.  Curtis  steam  turliine  was  out  of 
cominissiiiu,  and  the  turbine  (lro]i])ed  its  exciter,  wh^ 
would  you  do  ?  B 

38.  What  are  the  precautions  to  be  observed  when  syM 
chronizing  or  phasing  a  turbine  set  with  a  reciprocatiiw 
.set  ? 

39.  What  do  you  understand  by  power  factor? 

40.  What  is  a  direct  engine? 

41.  How  would  you  ])lace  the  eccentric  back  if  it 
shoitld  slip? 

42.  AVliat  kind  of  valve  is  between  the  pump  and  pres- 
sure tank  of  a  hydraulic  elevator?  . 

43.  If  there  was  too  much  air  in  the  pressure  tank,; 
what  effect  would  it  liave  on  the  elevator? 

41.  If  the  governor  belt  broke  on  a  t'orliss  engi: 
would  the  governor  prevent  the  engine  from  racing  or 
celerating  to  the  point  of  explosion? 

45.     How  would  Tou  set  a  Corliss  engine  governor  ? 
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Last  Lksson's  Axswhus 

116.     The  time  of  flight,  whicii  i,-;  iiulejiendent  of  the 
velocitj'of  projection,  may  be  foinul  fnnii  t-quation  ((iT), 

T77 

where  T,    =  \'        -.     As  the  roiivev 

>     .'/ 
the  gnniiul  the  value  of  II  is  lno  tt.,  hence 


1((0  ft.  above 


r,   = 


I  2  X  100 


=  V  ti.-i-Z 


32.16 

111.  \\'hile  the  coal  is  falling  it  is  also  moving  hori- 
zontally at  the  rate  of  20  ft.  j),','r  sec.  From  problem  116 
the  coal  strikes  the  ground  2.o  sec,  after  leaving  the  con- 
vcvdr:  therefoi'e,  the  point  where  the  coal  lands  is  at  a 
hurizontal  distance  of 

2.5  X  2f^  =  50  ft.  from  the  cuurei/or. 
118.     At  tlije  instant  it  strikes  the  ground,  the  coal  has 
Two  velocitie.s — one  of  20  ft.  per  sec.  horizontally,  repre- 
■  nted  ])y  the  line  AB,  Fig.  77,  and  a  vertical  one,  due 

I  gravity,  represented  by  the  line  AD.  Tly?  value  of  the 
\elocity,  due  to  gravity,  is  given  by  equation  (41 )  where  T' 
=  gT^.  In  this  case  the  time  of  flight  is  2.5  sec,  hence 
the  velocitA-  AD  =  32.16  X  2.5  =  80.4  ft.  per  sec.  The 
resultant  velocity  is  given  bv  the  dia-ronal  .4('  of  the  paral- 
lelogram .J /^r/i.l. 

But  A'r  =  A  I)  +  Dc'  =  m  -\-  20  =  6800,  or 
AC  =  V  Ii8(i0  =  X-l.r)  ff.  per  ser. 
The  resultant  AC  makes  an  angle  BAC  (sec  Fig.  77) 

with  the  iioriz(,ntal.   Kui  sin  BAC   =   sin.a   =  ^' =  — - 

A  (;      82 . 5 

=  ■0.!)7.  From  a  table  of  sines  tin'  an;rle  a  is  found 
to  be  76  deg. 

11!).     The  linear  velocity  of  the  ball   is  equal  to  2  X 
3.1416  X  I<  X  N,  where  H  =  the  distance  from  the  cen- 
ter of  the  si)indle  to  the  center  of  the  ball,  and  A'  =  the 
|i.m.,  or 

T  =  2   X  3.1416  X   }-j  X   100  =   785  ft.  per  min..  or 
]  3  //.  per  .sec. 

II  the  ball  were  to  break  loose  from  the  arm,  it  would 
move  horizontally  with  a  velocity  of  13  ft.  per  sec.,  and 
at  the  same  time  gravity  would  pull  it  toward  the  ground. 
The  time  that  W(iuld  elai)se  before  the  ball  strikes  the 
ground  is  dependent  upon  the  height  of  the  ball  from 
the  ground,  which  is  15  ft.     From  e(|uatioii   {  12),  //  = 

7/  l-i  X  15      , 

\  ff   =\  32,1.;  =  '■""'■•   <='i'l"-"-^-) 

During  this  same  time  the  i)ali  would  travel  13  ft.,  that 
IK  the  ball  would  strike  the  gnjund  13  ft.  from  the  gov- 
ernor. 

120.  From  problem  11!).  the  time  of  flight  is  found  to 
be  one  second. 

l'i;<),)i;(Tii,i:s   (coiitiiiued) 
r/n.v.v  ///.    Bodies  projected  at  an  angle  to  the  horizontal. 
Fn  Fig.  78.  assume  an  object  to  be  projected  from  the 


MinTr-  or'/',   = 


|)uint  .1  with  a  velocity  of  F  feet  jier  si.'cond,  at  an  in- 
clination of  a  degrees  with  the  horizontal,  and  let  the 
line  AB  represent  this  velocity.  Through  the  point  A 
draw  the  horizontal  and  vertical  reference  lines  .4A*  and 
.4 A'  and  on  the  diagonal  .iB  construct  the  parallelogram 
.^^B}IA.  The  line  AM  will  then  represent  the  horizon- 
tal component  of  the  velocity  V.  and  will  give  the  rate 
iit  which  the  projectile  is  moving  hcn-izontally.  Likewise 
the  line  -4A'  will  represent  the  vertical  component  of  the 
velocity  V  and  gives  the  rate  at  which  the  projectile  is 
moving  vertically.  The  only  force  opposing  the  compon- 
ent T\  is  the  resistance  of  the  air,  which,  in  this  discus- 
sion, is  a.ssumed  as  zero,  hence  as  long  as  the  projectile 
is  above  the  ground  it  will  have  a  uniform  horizontal  dis- 
placement of  Fj  feet  per  second. 

The  component  F,  is  being  reduced  at  a  uniform  rate 
by  the  action  of  gravity  until  finally  it  becomes  zero,  at 
which  instant  the  projectile  has  reached  its  ma.ximum 
elevation  aljove  the  ground  as  represented  by  the  point  S, 
in  Fig.  78.  From  this  point  on,  the  action  of  gravity  is 
greater  than  the  vertical  velocity,  with  the  result  that  the 
projectile  is  gradually  drawn  toward  the  earth  and  finally 
reaches  it  at  the  point  7v'.  The  distance  ST  =  If  gives 
the  ma.ximum  height  the  body  will  rise  and  the  distance 
AK  =  R  represents  the  range  of  the  i)rojectile. 

At  the  end  of  the  first  .second  of  flight  the  projectile 
would  be  at  the  point  B,  distant  T'  feet  from  the  point  .4, 
but  during  this  second  gravity  acts  and  pulls  the  object 
toward  the  earth  a  distance  of  I/2  !I^\^  ft.,  or  16  ft.,  .so 
that  the  true  position  of  the  ])rojectile  is  at  C,  16  ft.  be- 
low li.  Likewise  at  the  end  of  the  second 
second  the  projectile  is  at  F,  located 
V2  </Ti-,  or  64  ft.  below  D. 

The  path  of  the  ])rojectile  may  be 
plotted  in  a  manner  similar  to  that  ex- 
plained under  Ca.se  11.  Thus,  through 
the  i)oint  of  projection  A  draw  the  line 
-lA',  and  also  the  line  AE  at  an  angle  of 
a  degrees  to  AK,  to  re])resent  the  direc- 
tion of  projection.  On  this  line  locate 
the  points  A,  B,  D,  E,  etc..  distant  F.  2  F, 
3  F.  etc.,  from  A.  Through  the  ]K)ints  B. 
I).  E,  etc.,  draw  the  vertical  lines  Bt , 
I)F.  ECr,  etc..  and  on  the.se  lay  off  to 
scale  the  di.stances  through  wdiich  a  body 
^  would  fall  due  to  gravity  in  the  given 
number  of  seconds.  Thus  at  the  eiul  of  the  first  second, 
the  prejectile  would  be  at  (',  at  the  end  of  the  .second 
secoiul  at  E,  etc.  A  smooth  curve  drawn  tlirough  these 
l)oints  will  give  the  jinth  or  the  trajectory  of  tlie  body. 
In  Ijes.son  XLX,  it  was  shown  that  if  a  body  be  pro- 
jected vertically  upward  with  a  given  velocity  that  the 


I-'k;. 


total  time  of  flic'ht  would  be  T  = 


2U 
9 


seconds,  where  V 


the  vertical    velocity  of  projection.     In  this  case  the 

vertical  velocity  is  the  vertical  component  of  the  velocity 

sin  a.  liencc  when  a  body  is  projected  at  an  angle 
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of  a  degrees  to  the  liorizontal  with  a  velocity  of  V  feet 

2X1'  ^''w  ^ 
per  second,  the  total  time  of  liiglit  will  equal , 

or, 

'i  V  sill  a 


T,  = 


(70) 


The  rauge,  or  horizontal  displacement  of  the  projectile, 
will  equal  the  horizontal  component  V^,  or  V  cos  a, 
times  the  whole  time  of  flight,  or, 

R  =  V  cos  a  X  T^  (71) 


Fui.  :8. 

Now  substituting  the  value  of  T^  from  equation  (70),  in 
equation  (71),  there  results, 

3  V  sin  a      2  V^  sin  a  cos  a 
1         "  ^ 


R  =  V  cos  a 


but  from  the  lessons  in  Trigonometry,  2  sin  a  cos  a 
sin  2  a,  therefore 

r-  si 71  2  a 


R  = 


(73) 


When  the  angle  a  =  4.')  deg.,  the  angle  2  a  =  90  deg.. 

and  sin  2a  =  sin  90  d('(j.  =  1,  and  hence  the  horizontal 

F2  si7i  90  deg.       F= 

range  R  = '—  =  — • 

^  ff  9 

This  demonstrates  that  a  projectile  will  have  its  maxi- 
mum range  v  hen  the  angle  of  projection  is  45  deg. 

The  maximum  height  II  that  the  projectile  will  rise 
above  the  horizontal  is  dependent  upon  tlie  vertical  com- 
ponent F,  of  the  velocity  V.  Thus  the  value  of  H  may 
be  found  from  equation  (43)  by  substituting  for  V  the  ve- 
locity F,  =  F  SI?!  a,  thus, 

//  =  ^^'  ''""  '^  (73) 

The  velocity  with  which  the  projectile  is  moving  ver- 
tically at  any  giv<?n  instant  during  the  flight  may  be 
found  by  considering  that  there  are  two  velocities  acting 
— one  of  F  sin  a  upward,  due  to  the  initial  velocity  of 
projection,  and  one  of  gT  feet  downward,  due  to  gravity. 
Let  U  =  the  vertical  velocity  at  the  end  of  T  seconds, 
then, 

U  =  r  sin  a  —  gT  (74) 

where  T  =  the  time  that  has  elapsed  from  the  instant 
of  projection. 

If  the  value  of  U  works  out  negative,  it  indicates  that 
the  projectile  has  reached  its  maximum  elevation  and 
has  started   downward. 

There  is  a  special  case  coming  under  Class  III,  name- 
ly, when  a  body  is  projected  from  a  point  at  a  given  ele- 
vation from  the  horizontal,  as,  for  example,  the   firing 


of  a  projectile  from  a  cliff.     The  time  of  flight  in  such 
a  problem  may  be  determined  as  follows : 

Let  II  =  the  elevation  of  the  point  of  projection.  Then 
the  total  net  vertical  displacement  of  the  projectile  will 
be  — //  feet,  as  the  projectile  must  rise  to  its  highest 
jioint  and  then  fall  //  feet  below  the  point  of  projection. 
The  vertical  velocity  is  T'  sin  a.  From  equation  (38),  tS" 
=  UT  —  i/o  gT-,  and  as  S  =  —II.  and  U  =  V  sin  a. 
it  follows  that, 

— //  =  V  sin  a  X  T—  1/2  qT'  (75) 

\\here  T  is  the  total  time  of  flight. 

Study   Questions 

121.  A  12-in.  gun  discharges  a  projectile  with  a  ve- 
locity of  1200  ft.  per  sec.  If  the  gun  is  inclined  to  the 
horizontal  at  an  angle  of  45  deg.,  find  the  time  of  flight. 

123.  At  what  distance  Irum  the  gun  will  the  projec- 
tile strike  the  ground? 

123.  Find  the  nuuximum  distance  that  the  projectile 
rises  above  the  ground. 

134.  If  the  gun  is  on  a  clitf  500  ft.  above  the  sea. 
where  would  tlie  projectile  strike  the  water  if  fired  under 
the  londitions  stated  in  problem   131? 

135.  WiiMt  is  the  total  time  of  flight? 

The  annual  re})ort  of  the  Board  of  Gas  and  Electric 
Light  Commissioners  for  ilassachusetts  which  enforces 
the  smoke  law  for  Boston  and  vicinity,  shows  that  for 
1913  this  work  was  t'arried  on  with  good  results. 

As  many  know,  the  smoke  law  for  Boston  classifies 
stacks,  stationary,  marine  and  locomotive ;  the  locomo- 
tive class  covers  all  locomotives  without  regard  to  size 
while  stationary  and  marine  stacks  are  subdivided  on  a 
top-area  basis,  each  size  stack  being  allowed  to  emit  ob- 
jectionably deii.se  smoke  for  time  limits  based  on  the 
smoke  density,  anything  above  and  including  No.  2  Riug- 
elmann  chart  being  considered  dense. 

During  the  year  observations  were  made  of  35,424 
stacks,  27,423  being  stationary,  7393  locomotive  and  608 
marine.  Of  these,  930  stationary,  252  locomotive  and  4:! 
marine  stacks  emitted  smoke  in  excess  of  the  amount  al- 
lowed by  the  law.  The  number  of  stationary  stacks  emit- 
ting smoke  in  excess  of  the  amount  allowed,  due  to  care- 
lessness of  operation  was  773  against  944  for  1913.  Ob- 
servations were  made  on  stacks  of  115  public-service 
plants,  485  manufacturing  plants,  297  office-building 
])lants  and  two  for  residences.  Of  these,  those  emitting 
smoke  in  excess  of  that  allowed  were  public  service,  64; 
manufacturing,  225 ;  and  office  buildings,  76. 

The  law  went  into  efl'ect  July  1,  1900,  and  the  compar- 
ative figures  for  the  three  years  .show  gratifying  progress. 

ax 
ISIIlaon  Cement — After  several  years  of  experimentation 
on  a  cement  for  glass  tubes  in  metal  casings  which  would 
not  be  affected  by  mineral  oils  and  would  yield  under  ex- 
pansion in  setting,  thus  relieving  the  glass  and  cement  cup 
of  undue  strains,  an  excellent  cement  has  been  developed 
by  Lewis  M.  Ellison,  as  follows:  Two  parts  litharge  and  three 
parts  granulated  cork,  fineness  of  about  granulated  sugar, 
mixed  with  glycerin  to  usual  consistency;  coated,  when 
set,  on  the  surfaces  exposed  to  atmospheric  action  with 
valspar  or  similar  varnish.  The  cork  compensates  for  the 
expansion,  litharge-glycerin  cement  being  too  hard  and 
having  too  great  expansion.  For  level  glasses,  plaster  of 
Paris  mixed  with  water  being  too  hard  for  thin  wall  glass 
and  also  having  too  great  expansion  in  setting,  two  parts 
plaster  is   mixed  In   water  with    one   part   cork. 
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In  compliance  with  Sect.  26,  Chapt.  46"*  of  the  Acts  of 
1907,  Commonwealth  of  Massachusetts  (as  amended  by  Sect. 
2  of  Chapt.  393  of  the  Acts  of  1909),  a  public  meeting  will 
be  held  by  the  Board  of  Boiler  Rules*  to  consider  the  follow- 
ing changes  in   the  present  Massachusetts  steam   boiler   rules. 

PART    II 

SECTION    1 

Paragraph  1 — The  pressure  allowed  on  a  boiler  constructed 
wholly  of  cast  iron,  and  boilers  known  as  cast  iron  sectional 
boilers,    shall    not    exceed    fifteen    (l."i)    lb.    per    sq.in. 

Paragraph  2 — The  pressure  allowed  on  a  boiler  the  tubes 
of  which  are  secured  to  cast  iron  headers,  also  on  cast  ii'on 
mud  drums  and  malleable  iron  headers  or  mud  drums,  shall 
not   exceed   fifteen    (15)    lb.   per  sq.in. 

Paragraph  6 — (Additional.)  The  shearing  strength  of  the 
rivets  and  tlif  crushing  sti  ength  of  the  plate  in  front  of 
the  rivets  shall  be  ample  to  take  care  of  the  pressure  on  the 
head. 

Paragraph  7 — The  lowest  factors  of  safety  used  for  boil- 
ers, the  longitudinal  joints  of  which  are  of  lap-riveted  con- 
struction,  shall   be   as   follows: 

(e)  Boilers  over  twenty-five  (2.^)  years  old,  of  lap-seam 
construction,  shall  not  carry  a  pressure  in  excess  of  fifteen 
(15)    lb.    per   sq.in. 

SECTION    2 

Paragraph  9 — Interpolate,  after  the  word  degrees  in 
fourth    lino,    the    words,    or   about    ninety    (90)    degrees. 

Paragraph  10 — Fusible  plugs,  as  required  by  .Sect.  20, 
Chapt.  465,  Acts  of  1907,  shall  conform  to  the  following 
specifications; 


All    fusible    plugs    shall    consist    of   a    bronze    casing,    holes 

which  shall  be  reamed  and  tinned  before  being  filled,  and 
shall    be   filled   with   Banca    tin. 

All  fusible  plugs  shall  be  stamped  by  the  manufacturers 
with  their  names  across  the  face  of  the  plugs  with  letters 
not  less  than  one-eighth  of  an  inch  i%")  in  height,  and  the 
letters    MASS.    STD. 

The  outside  diameter  of  the  plug  is  to  be  of  the  standard 
pipe  threads. 

No  fusible  plug  shall  be  used  for  a  longer  period  than 
one   (1)   year. 

Paragraph  12 — Add  to  subparagraphs  (1),  (m),  (q),  (r) 
and  (t)  the  words,  and  extending  not  less  than  one  inch  (1") 
Inside   of  boiler. 

Paragraph  1.3 — Interpolate  the  word  "brass"  before  the 
word    syphon    on    second    line. 

Paragraph  17 — Each  boiler  shall  have  two  (2)  or  more 
gage  cocks,  the  centers  of  which  shall  be  located  vertically 
within  the  range  of  the  visible  length  of  water  glass,  when 
the  maximum  pressure  allowed  does  not  exceed  fifteen  (l."j) 
lb.  per  sq.in.,  except  when  such  boiler  has  two  (2)  water 
glasses  located  not  less  than  three  (3)  feet  apart  on  the 
fame  horizontal   line. 

Paragraph  IS — Each  boiler  shall  have  three  (3)  or  more 
gage  cocks,  the  centers  of  which  shall  be  located  vertically 
within  the  range  of  the  visible  length  of  water  gla.ss  when 
'the  maximum  pressure  allowed  exceeds  fifteen  (15)  lb.  per 
8q.  In.,  except  when  such  boiler  has  two  (2)  water  glasses, 
located  not  less  than  three  (3)  feet  apart,  on  the  same 
horizontal    line. 

Paragraph  23 — When  there  are  two  (2)  connected  boilers 
(gravity  return  system),  one  check  valve  and  a  stop  valve 
•hall  be  Installed  In  the  branch  pipe  to  each  boiler.  (Omit 
Fig.    1,    aa    shown.) 

SECTION    3 
Paragraph    2 — A     boiler    having    two    (2)     sq.ft.    of    grate 
surface  shall  be  rated  at  three   (3)   hp.  when   the  safety  valve 
la  set  to  blow  at  fifteen   (15)   lb.  per  sq.in.  or  less. 

SECTION  6 
Paragraph  1 — When  a  holler  is  tested  by  hydrostatic 
(-■ressure  the  pressure  applied  shall  not  be  less  than  one  and 
one-quarter  (1'4),  nor  more  than  one  and  one-half  (1%) 
times  the  maximum  allowable  working  pressure;  except  that 
twice    the    maximum    allowable     working    pressure    may    be 
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applied    on    Ijoilers    permitted    to    carry    not    over    fifteen    (15) 
lb.    pressure    per    sq.in. 

Paragraph  2 — When  making  annual  inspections  on  boilers 
constructed  wholly  of  cast  iron,  or  boilers  known  as  cast 
iron  sectional  boilers,  a  hydrostai:ic  pressure  test  of  not 
less  than  fifteen  (15)  lb.  and  not  more  than  twice  the 
maximum    allowable    working    pressure,    shall    be    applied. 

PART    III 

Page  21 — (Heading.)  These  rules,  in  addition  to  the 
rules  contained  in  Part  II,  apply  to  boilers  installed  after 
May   1,   190S,  and   to  any   repairs   or  changes   made   hereafter. 

SECTION    1 
Paragraph    3 — There    shall    be    two     (2)     classes    of    open 
hearth    boiler    plate    and    rivet    steel;     namely,     firebox    steel 
and    extra    soft    steel,    which    shall    conform    to    the    following 
limits    in    chemical    composition: 

Firebox  Extra  Soft 

Steel  Steel 

(Per  cent.)      (Percent.) 

Phosphorus    shall    not    exceed Acid  0.04  Acid  0  04 

,.    ,    ,  ^    ,,         ,  ,  Basic  0.03        Basic  0.04 

Sulphur    shall    not    exceed 0  04  0  04 

Manganese      0.30  to  0.50      0.30  to  oiso 

Paragraph  5 — The  two  (2)  classes  of  open  hearth  boiler 
plate  and  rivet  steel — namely,  firebox  steel  and  extra  soft 
steel — shall    conform    to    the    following   physical    qualities: 

Extra 
„        .,  Firebox  Steel  Soft  Steel 

Tensile    strength,    pounds    per 

square    inch     52,000  to  63,000      45,000  to  55.000 

Yield     point,     in      pounds     per 
square     inch,     shall     not     be 

less    than     '/i  T.  S.  V'  T  S 

Elongation    per    cent,    in    eight 

inches  shall   not   be  less  than  26  -'s 

Paragraph    7 — The    two    (2)    classes,   etc. 
Paragraph   7    (d) — Omit  the  words   "flange   or   boiler   steel." 

SECTION   2 

Paragraph  1 — Shells,  drums,  butt  straps,  heads,  combus- 
tion chambers,  furnaces,  or  any  plates  that  require  staying 
or  flanging,  shall  be  of  open  hearth  flrebox  or  extra  soft 
steel,  as  specified  in  paragraphs  Xos.  3  and  5,  Sect.  ],  Part  111 
of   these    rules. 

Omit   paragraph    2. 

SECTION    .■! 

Paragraph  6 — Cross  pipes  connecting  the  steam  and  water 
drums  of  watertube  boilers,  and  cross  boxes,  shall  be  of 
wrought  or  cast  steel  when  the  working  pressure  exceeds 
fifteen    (15)   lb.   per  sq.in. 

Paragraph  7 — Mud  drums  of  watertube  boilers  shall  be  of 
wrought  or  cast  steel  when  the  working  pressure  exceeds 
fifteen    (15)    lb.    per    sq.in. 

Paragraph  S — Pressure  parts  of  superheaters,  attached  to 
the  boilers  or  separately  fire<l,  shall  be  of  wrought  or  cast 
steel.     Cast  iron  for  superheat  is  prohibited. 

Paragraph  10 — Waterleg  and  door  frame  rings,  of  vertical 
flretube  and  locomotive  type  boilers  shall  be  of  wrought  or 
cast  steel,  or  wrought  iron. 

After   present    paragraph    11.      DOMES   or    DRUMS. 

Domes  or  drums  shall  only  be  allowed  on  a  locomotive  type 
boiler,  and  shall  be  located  on  the  barrel  of  the  boiler,  but 
not  on   the  wagon   top. 

Domes  or  drums  shall  be  made  of  the  same  thickness 
and   quality   of  material   as   the   boiler  shell. 

When  the  pressure  desired  does  not  exceed  one  hundre/ 
(100)  lb.  per  sq.in.  the  longitudinal  joints  of  such  domes  or 
drums  shall  be  of  double  riveted  lap  construction,  and  the 
flange    shall    be    double    riveted    to    the    boiler    shell. 

Heads  of  domes  or  drums  shall  be  convex. 

When  a  hole  larger  than  four  inches  (4")  in  diameter 
is  required  in  a  boiler  which  is  constructed  with  a  dome  it 
shall    be    reinforced    to    compensate    for    the    metal    removed. 

At  least  two  (2)  drain  holes  three-quarters  of  an  inch 
(%")  In  diameter  shall  be  located  in  the  shell  under  a  dome, 
at  the  lowest  point  where  water  can  collect,  for  the  purpose 
of  draining. 

Paragraph  2 — A  manufacturer  who  desires  to  construct 
Massachusetts  .Standard  boilers  shall  send  a  written  appli- 
cation to  the  Board  of  Boiler  Rules,  and  receive  written 
authority  fiom  said  Board  before  taking  any  steps  toward 
the  construction  of  a  Massachusetts  Standard  boiler.  A 
detailed  list  of  shop  equipment  must  accompany  the  manu- 
facturer's  application    for   such    authority;    also   .Tdvirp    of    the 
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name  of  the  State  inspector  or  of  the  authorized  inspector 
holding  a  certificate  of  competency  as  an  inspector  of  steam 
boilers  for  this  Commonwealth  and  in  the  employ  of  an 
insurance  company  authorized  to  inspect  and  insure  steam 
boilers  for  this  Commonwealth,  who  will  examine  during: 
construction  and  stamp  Mass.  Std.  upon  completion  a  boiler 
constructed  in  strict  accordance  with  these  rules.  Upon  re- 
ceipt of  said  application  the  Board  will  designate  the  style 
of  stamping  which  it  will  approve,  after  the  following 
model: 

JIASS.    STD. 

1 

(Designation    by    Board.) 

The  manufacturer  shall  then  submit  a  five-inch  by  three- 
inch  (5-in.x3-in.)  brass  or  copper  plate,  showing  exactly  the 
style  of  stamping  designated  by  the  Board,  for  approval; 
the  height  of  letters  and  figures  to  be  not  less  than  one- 
fourth   of  an   Inch    (Vi-in.). 

Paragraph  2 — Renumber  this  paragraph,  last  six  lines 
to    read : 

Each  boiler  shall  be  stamped  by  the  builder,  in  the  pres- 
ence of  the  inspector,  with  a  serial  number  and  with  the 
style  of  stamping  shown  in  the  facsimile  previously  ap- 
proved by  this  Board. 

Before    present    paragraph    3: 

Any  inspector  holding  a  certificate  of  competency  as  an 
inspector  of  steam  boilers  for  this  Commonwealth  may  make 
final  inspection  and  test  on  a  boiler  built  under  the  rules 
of  the  Board  of  Boiler  Rules  of  the  Commonwealth  of 
Massachusetts,  provided  the  manufacturer  of  said  boiler,  or 
his  representative,  makes  affidavit  under  oath  that  said 
boiler  has  been  so  constructed,  and  furnishes  the  record  of 
a  properly  authorized  inspector  who  has  followed  the  con- 
struction  of  the   boiler. 

Before  Paragraph  10 — The  efficiency  of  the  longitudinal 
joint  of  a  shell  or  drum  when  welded  by  the  forging  process 
shall    not    exceed    the    following: 

5.5.0  per  cent,  when  the  shell  plates  are  stamped  52.000 
T.  S. 

54.0  per  cent  when  the  shell  plates  are  stamped  53,000 
T.   S. 

53.0  per  cent,  when  the  shell  plates  are  stamped  54.000 
T.   S. 

52.0  per  cent,  when  the  shell  plates  are  stamped  55.000 
T.   S. 

51.1  per  cent,  when  the  shell  plates  are  stamped  56,000 
T.   S. 

(Note — 56.000  lb.  will  be  the  highest  tensile  strength  used 
in  calculating  the  maximum  allowable  working  pressure 
on  a  shell  or  drum  the  longitudinal  joints  of  which  are 
welded  by  the  forging  process,  this  being  irrespective  of  a 
higher  tensile  strength  than  56,000,  which  may  be  stamped 
on  the  plates.  The  formula  for  calculating  the  working 
pressure  is  given  in  Paragraph  I,  Sec.  4,  Part  III  of  these 
rules.) 

SECTION   4 
Paragraph   16 — The   minimum   thickness   of  a   convex   head 
shall  be  determined  by  the   following  formula,  excepting  that 
said   thickness   shall   not   be   less   than   one-fourth   of  an    inch 
yA    in.): 

.S.33  R  X  P  _ 
T.S.  ~ 

The  minimum  thickness  of  a  concave  head  shall  be  de- 
termined by  the  following  formula,  excepting  that  said 
thickness  shall  not  be  less  than  one-fourth  of  an  inch  iM 
in.): 

S.33R  X  P  ^ 
0.6  (T.S.) 

Paragiaph  16 — (Addition  to  paragraph).  The  radius  to 
which  the  head  is  bumped  shall  be  at  least  equal  to  the 
diameter   of   the    shell    to    which    the    head    is   attached. 

The  radius  to  which  the  curve  shall  be  made  close  to  the 
flange  on  a  concave  or  convex  head,  shall  be  not  less  than 
four    (4)    times  the   thickness  of  the   material   in   the    head. 

Paragraph  IS — When  a  convex  or  concave  head  has  a 
manhole  opening,  the  flange  shall  be  turned  inward,  and  to 
a  depth  of  not  less  than  three  (3)  times  the  thickness  of  the 
head,  measured   from    the    outside    of   the    boiler. 

Paragraph  25 — (Add  to  paragraph).  The  vertical  pitch  of 
staybolts,  measured  from  the  rivets  in  the  lower  tube  sheet 
to  the  first  row  of  staybolts,  shall  not  be  greater  than  the 
prevailing   pitch   of   staybolts. 

Paragraph  31 — When  a  fiat-head  has  a  manhole  opening, 
the  flange  of  which  is  formed  from  the  solid  sheet  and 
turned  inward  to  a  depth  of  not  less  than  three  (3)  times 
the  thickness  of  the  head,  measured  from  the  outside  of  the 
boiler,  an  area  two  (2)  inches  wide  all  around  the  manhole 
opening,  as  shown  in  Fig.  16,  may  be  deducted  from  the  total 
area    of   head,    including   manhole    opening,    to    be    stayed. 


Present  figure  1?  to  be  renumbered  16,  and  similar  change 
made  in  numbers  of  all  figures,  on  account  of  omitting  fig- 
ure  number   1. 

I'aragraph  33 — (Add  to  paragraph).  Stayrods  longer  than 
three  (3)  ft.,  such  as  are  used  for  bracing  the  segment  of 
a  circle,  shall   have  not   less  than   0.7S54   sq.in.   sectional   area. 

Before  Paragraph  40 — All  staybolts  shall  be  drilled,  both 
from  the  outside  and  inside  ends,  to  a  depth  of  not  less  than 
one-half  inch  (%  in.)  inside  the  boiler  plate,  and  their  diam- 
eter   shall    be    three-sixteenths    of    an    inch    (  ,"„.    in). 

Before  Paragraph  40 — All  nozzles  on  boilers  shall  be  of 
pressed  or  cast  steel,  when  the  pressure  desired  is  greater 
than    fifteen    (15)    lb.    per    sq.in. 

Paragraph  40 — Omit  the  example  and  the  formula  at  end 
of   paragraph. 

Before  Paragraph  41 — All  boilers  and  parts  of  boilers 
shall  be  three-sixteenths  of  an   inch   ( ,'s    in.)   thick. 

Paragraph  41 — The  thickness  of  cast  iron  blank  flanges 
shall  not  be  less  than  that  specifled  by  the  manufacturers' 
standard    for    high     pressure. 

Paragraph  46 — The  calking  edges  of  plates  and  heads 
shall  be  beveled.  Calking  shall  be  done  with  a  round-nosed 
tool. 

Before  Paragraph  47 — The  edges  of  plates  and  butt  straps. 
inside  and  outside  of  boiler,  shall  be  planed  to  a  depth  of 
not  less  than  one-eighth  of  an  inch  (.%  in.)  to  remove  the 
crystallized   metal   caused  by   the   action   of   the   shear. 

Before    Paragraph    51 — SPECIFICATIONS    FOR    TUBES. 

Tubes  for  water-tube  boilers,  pipe  boilers  or  superheaters 
shall  be  made  without  welds,  and  shall   be  seamless  dra^vn. 

Tubes  for  fire-tube  boilers  may  be  welded  of  steel  or 
charcoal    iron. 

The   physical   tests  of  all  tubes  shall   be  as  follows: 

Tubes  shall  be  free  from  all  surface  defects.  The  defects 
to  be  particularly  avoided  in  seamless  tubes  are  tears, 
snakes,   checks,  slivers,   scratches,    laps,   pits,   rings   and    sinks. 

All  seamless-steel  cold-drawn  tubes  shall  be  annealed  as 
a  final  process.  One  or  more  tubes  shall  be  selected  at  ran- 
dom from  each  charge  of  the  annealing  furnace,  and  coupons 
cut  from   them   for  testing. 

TEST  ONE — A  piece  three  inches  (3  in.)  long,  cut  from 
the  first  tube,  shall  be  flattened  by  hammering  until  the 
sides  are  brought  parallel  with  the  curve  on  the  inside  at 
*he  ends  not  greater  than  three  (3)  times  the  thickness 
ot    the    metal,    without    showing    cracks    or    flaws. 

TEST  TWO — A  flange  shall  be  turned  all  around  the 
end  of  the  tube  to  a  "width  equal  to  three-eighths  of  an 
inch    ( ?8    in.)    beyond  the   outside   bod.v   of  the  tube. 

Tests  one  and  two  shall  be  done  cold. 

When  hot  finished  tubes  are  furnished,  the  tubes  shall 
pass  the  same  manipulating  test  as  cold-drawn  tubes,  but 
do  not  have  to  be  annealed.  Each  tube  shall  be  subjecteil 
to  an  internal  hydrostatic  pressure  of  one  thousand  (1000) 
lb.,    without    showing    signs    of    weakness    or    defects. 

All  tubes  shall  stand  expanding,  flanging  over  on  the 
tube   plate,   and   beading,   without   flaw   or   crack. 

All  lap-welded  tubes  shall  be  made  of  charcoal  iron  o.- 
mild   steel,   and   shall    conform    to    the    following   tests: 

Tubes  shall  be  free  from  defective  welds,  cracks,  blis- 
ters,   scale,    pits    and    sand    marks. 

The  following  tests  shall  be  made  before  shipment  by  the 
manufacturer: 

TEST  ONE — A  test  piece  three  inches  (3  in.)  in  length, 
cut  from  a  tube,  shall  be  flattened  by  hammering  until 
the  sides  are  about  parallel  with  the  curve  on  the  inside  at 
the  end,  not  more  than  three  (3)  times  the  thickness  of  the 
metal  without  showing  cracks  or  flaws,  with  bend  at  one 
side   being   in   the   weld. 

TEST  TWO — A  second  tube  shall  have  a  flange  turned 
over  at  right  angles  to  the  body  of  the  tube,  and  shall 
have  a  width  equal  to  three-eighths  of  an  inch  (%  in.) 
beyond    the    out»ide    body    of    the    tube. 

All  work  done  shall  be  done  cold. 

Each  tube  shtill  be  subjected  to  internal  hydrostatic  pres- 
sure of  five  hundred  (500)  lb.  per  sq.in.,  without  showing 
signs    of    weakness    or    defects. 

All  steel  tubes  shall  have  ends  properly  annealed  by 
the  manufacturer,  before  shipment,  and  shall  stand  expand- 
ing, flanging  over  on  the  tube  plate,  and  beading,  without 
flaw,   crack   or  opening  in   the   weld. 

The  manufacturer  of  boiler  tubes  shall  furnish  to  the  pur- 
chaser of  each  lot  of  tubes  a  statement  of  the  kind  of  ma- 
terial of  which  the  tubes  are  made,  and  that  the  tubes  have 
been  tested  and  have  met  all  the  requirements  of  the  rules. 
The  statement  shall  be  furnished  to  the  boiler  manufacturer 
using  the  tubes,  who  shall  show  them  to  the  boiler  inspec- 
tor  when    shop    inspection    of    the    boiler    is    made. 

(After  the  foregoing  specification  for  tubes) — The  first 
two    rows    of    tubes    exposed    to    products    of    combustion,    in 
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water-tube    boilers,    shall   be    two    (2)    gaeres   heavier    than    the 
prevailing   thickness   of   tubes    in    said    boilers. 

(Second  paragraph  after  specification  for  tubes) — No  lap- 
welded  tube  shall  be  used  in  water-tube  boilers.  No  old 
boiler  shall   be    retubed   with   lap-welded    tubes. 

Paragraph  52 — When  it  is  necessary  to  place  a  fusible 
plug  in  a  tube,  an  extra  thick  tube  shall  be  provided  for  that 
purpose,    which    shall    not    be    less    than    three-eighths    in. 

Paragraph  53 — (After  the  tabulation).  If  the  thickness 
of  the  material  in  the  boiler  is  not  sufficient  to  give  such 
number  of  threads,  there  shall  be  a  standard  commercial 
pressed-steel  flange,  cast-steel  flange  or  steel  plate,  sub- 
stantially riveted  to  the  boiler,  so  as  to  give  the  required 
number  of  threads.  A  feed-pipe  connection  shall  be  fitted 
with   a   lirass  or  steel   boiler   bushing. 

(Before  paragraph  54) — SPECIFICATIONS  FOR  CAST 
STEEL. 

Chemical   properties: 
I'hosphorus,    not   over   0.0r»   per   cent. 
Sulphur,    not   over   0.05    per   cent. 
Physical   properties. 

Tensile   strength,   lb.    per    sq.in.,    50,000    to    60,000. 
Elongation  in  2  in.  23  per  cent. 
Reduction   of  area,   30  per  cent. 

All  steel  castings  must  receive  such  heat  treatment  as 
will  produce  fine  grain,  homogeneous  and  tough  metal,  free 
from  slag,  cracks  and  cavities,  injurious  blowholes  or  other 
defects. 

Cast-steel,  cast-iron  or  malleable-iron  boiler  fittings  shall 
not  be  used  unless  made  by  regular  processes  and  by  manu- 
facturers who  stamp  such  fittings  with  their  trade  mark 
or  identifying  stamp,  and  who  guarantee  the  castings  to 
possess  the  chemical  and  physical  properties  stated  in  these 
rules. 

Before  Paragraph  58 — There  shall  be  not  less  than  eleven- 
sixteenths  of  an  inch  (.H  in.)  bearing  surface  for  a  man- 
hole  gasket. 

Paragraph  64 — A  vertical  fire-tube  boiler  which  does  not 
have  a  manhole,  except  the  boiler  of  a  steam  flre  engine, 
shall  have  not  less  than  seven  (7)  handholes,  located  as  fol- 
lows: 

Two  (2)  in  the  shell  at  or  about  the  line  of  the  crown 
sheet,    and   diametrically    opposite    each    other. 

One  (1)  in  the  shell  at  or  about  the  line  of  the  fusible 
plug,  except  a  vertical  fire-tube  boiler  having  a  manhole 
n  the  shell  or  head,  through  which  the  fusible  plug  is  ac- 
cessible. 

Two  (2)  in  the  shell  at  the  lower  part  of  the  waterleg, 
and    diametrically   opposite    each    other. 

Two  (2)  located  at  or  about  the  waterline  of  the  boiiei-, 
and  diametrically  opposite  each  other,  except  a  vertical  fire- 
tube    boiler    having   a    manhole. 

Paragraph  Si — Omit  the  words,  or  cast  iron,  in  fourth 
ine. 

Paragraph  69 — Omit  the  words,  or  cast  iron,  in  third 
ine. 

Paragraph  70 — (.Addition  to  paragraph) — No  cast  iron 
ihall   be  used  in   lugs  or  brackets  in   any  steam   boiler. 

Before  Paragraph  71 — REINFORCING  PLATES  WHERE 
BRACKETS   ARE   ATTACHED. 

In  all  cases  where  brackets  or  other  fixtures  subjected  to 
my  working  strain  are  attached  to  a  portable  boiler,  the 
ilates  to  which  these  brackets  are  attached  shall  be  rein- 
'orced  with  plates  of  the  same  thickness  as  the  outer  plates 
>f  the  boiler,  and  securely  riveted  together.  The  outer  rows 
)f  rivets  attaching  reinforcing  plates  to  boiler  must  be  at 
east  three  inches  (3  in.)  outside  of  the  bracket.  All  brack- 
its  shall  be  properly  fitted  to  the  plates,  flat  or  curved,  with 
Itud  holes  drilled  to  suit  the  holes  in  the  brackets,  which 
nust  be  drilled  to  templets;  and  the  studs  attaching  same 
hall  be  tapped  through  both  plates  where  reinforced.  No 
ap   bolts   will   be   allowed. 

SECTION    5 

Paragraph  4--f)mit  the  words,  and  thirty-five,  and  change 
gure   to   100. 

Paragraph  5 — Omit  the  words,  and  thlrty-flve,  and  change 
gure   to  100. 

Paragraph    7 — Omit    paragraph. 

Paragraph  8 — The  feed  pipe  of  a  boiler  shall  have  open 
nd    or    ends.      When    one    or    more    globe    valves    are    used    on 

feed    pipe,    the    Inlet    shall    be    under    the    dl.sk    of    the    valve. 

Paragraph  9 — The  feed  water  shall  discharge  about  three- 
fths  (i)  the  length  of  a  horisontal  return  tubular  boiler 
•om  the  front  head,  and  at  or  about  the  central  rows  o( 
bes  above  the  tubes,  when  the  diameter  of  the  boiler  ex- 
seds  thirty-six  Inches  (36  In.)  and  the  pressure  allowed  ex- 
ieds  fifteen  (15)  lb.  per  sq.ln.  The  feed  pipe  shall  be  car- 
ed through  the  head  with  a  brass  or  steel  boiler  bushing 
nd  securely   fastened   Inside   the   shell   above   the   tubes. 


Before  Paragraph  10 — When  a  horizontal  return  tubular 
boiler,  the  diameter  of  which  does  not  exceed  thirty-six 
(36  in.),  has  no  manhole  opening,  and  the  pressure  desired  is 
greater  than  fifteen  (15)  lb.  per  sq.in.,  the  feed  pipe  shall 
enter  the  front  tube  sheet  above  the  tubes,  and  below  the 
waterline  of  the  boilei-,  through  a  bushing,  and  an  internal 
feed  pipe,  not  less  than  three  (3)  ft.  in  length,  screwed  into 
said   bushing,   the   end   of  said   pipe    being   open. 

Paragraph  13 — In  fourth  line,  change  pressure  to  fifteen 
(15)    lb.   per  sq.in. 

Paragraph  17 — In  first  line,  change  pressure  to  fifteen 
(15)   lb. 

Paragraph  IS — In  second  line,  omit  the  words,  and  thir- 
ty-five,   and    change    figure    to    100. 

Paragraph  23 — In  second  line,  change  pressure  to  fifteen 
(15)   lb. 

Before    Paragraph    24 — BLOWOFF    ON    WATER    COH'MN. 

On  each  water  connection  to  a  water  column  where  there 
is  a  right-angle  turn,  there  shall  be  located  at  least  one 
(1)  gate  valve  and  pnpe  of  a  diameter  not  less  than  one-half 
inch  (1/2  in.),  for  the  purpose  of  blowing  out  said  water  pipe, 
except    a    right-angle    turn    inside    of   smoke    box. 

Paragraph  31 — Make  this  paragraph,  paragraph  4,  sec.  6, 
part  2,  p.   13. 

After  present  paragraph  Sl^When  a  dry  pipe  is  used  in 
the  steam  space  of  a  boiler,  it  shall  be  made  of  the  stand- 
ard thickness  of  pipe,  and  be  properly  secured;  shall  have 
both  ends  closed,  and  shall  be  slotted  on  the  top  side  of  the 
pipe.  The  area  of  the  slots  shall  be  equal  to  not  less  than 
four    times    the    area    of    the    steam    outlet. 

SECTION    6 

Omit    paragraphs    1    .ad    2. 

I'aragraph  .3 — Omit  the  words,  passed  by  joint,  and  change 
the   word   inspection   to  the  word   inspected. 

Omit  present  paragraph  (a)  and  change  other  paragraphs 
as    follow^s; 

(a)  Six  (6)  for  boilers,  the  longitudinal  joints  of  which 
are  of  lap-riveted  construction,  diameters  up  to  and  includ- 
ing  thirty-six   inches    (36    in.). 

(b)  Eight  (S)  for  boilers,  the  longitudinal  joints  of  which 
are  ui'  lap-riveted  construction,  diameters  over  thirty-six 
inches   (36   in.). 

(c)  Four  and  five-tenths  (4.5)  for  boilers,  the  longitudinal 
joints  of  which  are  of  butt  and  double-strap  construction, 
age  not  exceeding  ten   (10)  years. 

(d)  Five  (5)  for  boilers,  the  longitudinal  joints  of  which 
are  of  butt  and  double-strap  construction,  age  over  ten  (10) 
years. 

The  hydrostatic  pressure  test  on  such  boilers  shall  be  one 
and  one-half  (l\j)  times  the  maximum  allowable  pressui'e 
obtained  by  using  the  above  factors  of  safety. 

Page    52 — (Before    repealing    clause.) 

A  boiler  on  which  a  lap  crack  is  discovered  shall  be  im- 
mediately   discontinued    from    service. 

The  ogee  form  of  construction  at  the  lower  end  of  fur- 
nace   sheet    is   hereby   prohibited. 


Aira    Einv^SisIhi    Boaleir  ]£3sp>l(n)siOEii 

<in  the  morning  of  .Vug.  17  a  huge  liasti  ick  boiler,  heated 
by  waste  gases,  exploded  in  the  puddling  shed  of  the  Thorn- 
kill  Iron  and  Steel  Works,  Dewsbury,  Yorkshire,  England, 
converting  iron  buildings  and  a  group  of  i)uddllng  furn.aces 
into  a  tangled  mass  of  debris.  Of  35  men  employed  in  the 
puddling  shed  seven  were  killed  and  nearly  all  were   Injured. 

The  evidence  given  at  the  inquest  revealed  a.  tragically 
simple  solution  of  the  disaster,  as  reported  in  "The  Mechan- 
ics Engineer"  of  Aug.  21.  Shortly  after  six  o'clock,  on  the 
morning  of  the  explosion,  the  chief  engineer  of  the  works 
noticed  that  steam  was  Issuing  rather  freely  from  the  lever 
safety  valve,  and  presuming  that  It  was  due  to  leakage, 
instructed  the  engine-driver  to  hang  a  little  more  weight 
on  the  lever  and  this  he  proceeded  to  do  by  slinging  an  iron 
bar  on  It  by  means  of  S  hooks  in  the  belief  that  since  the 
boiler  was  coupled  to  others,  any  excess  of  pressure  would 
be  relieved  by  their  safely  valves.  It  ai)pcared  that  when 
the  escape  of  steam  was  first  noticed  the  pressure  was  then 
above  the  working  point,  and  that  the  stop  valve  was  closed 
so  there  was  no  outlet  for  the  accumulating  pressure  until 
It  hurst  the  boiler.  Had  the  boiler  been  fitted  with  duplicate 
safety  valves.  It  Is  very  Improbable  that  both  would  have 
been  defective  at  the  same  time  and  the  escape  of  steam 
from  both  of  them  would  have  been  more  likely  to  excite 
suspicion    and    have    prevented    overloading    of    the    boiler. 

The  Rastrick  boiler  has  many  objectionable  features  and 
among  the  older  generation  of  English  engineers  has  an 
unenviable  reputation,  owing  to  Its  association  with  some 
of  the   moat  disastrous  holler  explosions  on   record. 
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The  shell  of  this  type  of  boiler  is,  roughly  speaking,  a 
plain  vertical  cylinder  with  hemispherical  ends.  It  has 
been  constructed  with  diameters  ranging  from  about  6  ft. 
to  as  much  as  9  ft.,  and  heights  from  about  IG  ft.  to  25  ft. 
A  vertical  central  flue  tube  extends  from  the  bottom  to  about 
half  the  height  of  the  shell,  and  is  connected  to  it  by  two 
or  four  horizontal  branches,  according  as  the  boiler  is  fired 
by  waste  heat  from  one  or  two  pairs  of  puddling  or  heating 
furnaces.  An  annular  brickwork  flue  is  formed  around  the 
shell,  divided  by  partition  walls  into  as  many  compartments 
as  there  are  furnaces.  The  waste  heat  from  e.ach  furnace 
enters   one   of  these   compartments  at  the   base   of   the   boiler 


and  thence  through  a  damper  to  one  of  the  horizontal  branch 
tubes  connecting  to  the  central  flue  tube,  through  which 
the  gases  pass  to  tlie  main  flue  leading  underground  to  the 
chimney.  The  arrangement  of  the  boiler  and  iron  furnaces 
is  compact  since  the  boiler  itself  occupies  little  floor  space, 
and  the  puddling  or  heating  furnaces  can  he  conveniently 
grouped  around  its  base,  which  features  have  undoubtedly 
contributed  to  its  extensive  use  in  the  past.  But  the  virtues 
of  the  Rastrick  boiler  as  a  steam  generator  are  so  few 
and  its  vices  so  many  that  it  has  been  largely  discarded 
by  the  majority  of  English  engineers  in  favor  of  special 
adaptations  of  the  Lancashire,  Cornish  or  water-tube  type, 
though   a  few  are  still  in   existence." 
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The  26th  annual  convention  of  the  American  Boiler  Manu- 
facturers' Association  was  held  at  the  Waldorf-Astoria,  New 
"iork  City,  on  Sept.  1.  2  and  3,  and  transacted  considerable 
business  of  value  not  only  to  the  association,  but  to  boiler 
manufacturers  generally,  although  the  attendance  of  active 
workers  present  was   less  than   had   been   expected. 

A  feature  of  the  meeting  was  the  opportunity  afforded  to 
still  further  advertise  the  coming  hearing  to  be  held  in  New- 
York  City  on  the  15th  inst.,  pursuant  to  the  call  sent  out 
by  the  A.  S.  M.  E.,  to  discuss  their  proposed  new  uniform 
specifications    for    boiler    design,    construction    and    materials. 

The  sessions  were  presided  over  by  Vice-President  Thomas 
M.  Rees,  of  Pittsburgh,  in  the  absence  of  President  Meier, 
and  the  convention  was  opened  by  an  address  of  welcome  by 
Henry  Bruere,  city  chamberlain,  who  referred  to  the  changed 
attitude  of  municipal  government  toward  the  community 
with  respect  to  efficient  service  for  the  public  welfare.  He 
said  New  York  City  had  achieved  a  rather  unenviable  repu- 
tation in  former  years  on  account  of  its  police  graft  scan- 
dals, etc.,  but  that  it  had  fully  retrieved  and  has  since  fur- 
nished an  example  to  the  entire  country  of  what  can  be  ac- 
complished for  a  city  through  the  active  participation  of  its 
best    citizens. 

W.  H.  S.  Bateman,  of  Philadelphia,  responded  to  the  ad- 
dress of  welcome,  and  took  occasion  to  defend  Philadelphia's 
reputation  against  the  impeachment  that  the  Quaker  City 
is  a  little  slow. 

A  recent  circular  letter  of  the  Steamboat  Inspection  Ser- 
vice, referring  to  fusible  plugs,  was  discussed  by  Messrs. 
Schaaf,  Rees  and  others,  Mr.  Rees  contending  that  those  who 
were  interested  in  Western  river  practice  believe  that  there 
is  no  necessity  of  having  more  than  one  plug  in  the  flue 
and  one  in  the  shell,  and  that  the  plugs  should  not  be  placed 
where  they  might  necessitate  the  engineer  lowering  the  water 
in  order  to  get  at  them,  as  through  such  lowering  of  water 
there  might  be  occasioned  serious  interference  with  the  safe 
navigation  of  the  boat.  He  did  not  believe  there  had  ever 
been  a  case  where  a  fusible  plug  properly  made  and  prop- 
erly placed  had  failed  to  give  timely  warning  that  the  water 
in  the  boiler  had  fallen  below  the  proper  level.  He  thought 
the  provision  that  the  plugs  must  be  renewed  after  four 
months'  service  was  an  unnecessary  hardship,  .and  in  one 
case   had   occasioned   an   extra   expenditure    of   about   $1,500. 

H.  J.  HARTLEY  stated  that  the  Lloyds'  requirements  do 
not  specify  any  plug  at  all,  but  on  the  first  indication  of  a 
leak  or  blowout,  a  plug  is  merely  screwed  in  and  the  matter 
remedied  in  that  way. 

A.  J.  SCHAAF  stated  that  in  the  case  of  locomotive 
boilers,  the  requirements  in  the  circular  would  make  neces- 
sary the  placing  of  three  plugs  in  the  crown  sheet;  one 
12  in.  from  each  end  and  one  in  the  center.  In  a  two-flue 
boiler,  before  this  provision  went  into  effect,  one  plug  was 
placed  4  ft.  from  the  forward  end  in  the  shell  just  under 
the  fire  line  and  one  in  the  after  end  in  the  flue.  He  be- 
lieved it  a  mistake  to  have  an  extra  plug  in  a  two-flue  ma- 
rine boiler  in  the  middle  of  the  flue  on  account  of  its  being 
the  coldest  part  of  the  boiler.  If  safety  is  the  object,  it 
ought  to  be  in  the  shell  8  or  10  ft.  from  the  forward  end, 
where  it  would  get  the  heat  of  the  furnace. 

The  proceedings  of  the  second  day  were  opened  by  Sec- 
retary Farasey  reading  a  communication  from  Colonel  Meier, 
in  which  the  latter  made  a  strong  plea  for  uniform  boiler 
Jaws  and  specifications.  He  referred  to  the  beneficial  work- 
ing of  the  steamboat  and  locomotive  inspection  laws  under 
"ederal  control,  but  said  it  would  require  a  constitutional 
amendment  to  put  stationary  boilers  under  similar  super- 
vision.     However,    this   difficulty    could    be    overcome   by    hav- 


ing the  different  states  accept  the  uniform  specifications 
drawn  up  by  the  A.  S.  M.  E.  and  concurred  in  by  the  various 
boiler   Interests. 

Colonel  Meier  sent  hearty  greetings  to  the  members  pres- 
ent, with  the  assurance  that  only  illness  prevented  his  at- 
tendance. He  also  stated  that  it  would  be  impossible  for 
him  to  accept  the  presidency  for  another  year.  At  the  close 
of  his  sixth  year's  administration,  he  had  never  held  an 
office  in  which  he  had  been  so  generously  and  w-armly  sup- 
ported as  in   that   of   presiding   officer   of   the  A.  B.  M.  A. 

Appropriate  action  on  Colonel  Meier's  retirement  was 
taken    later. 

JOHN  A-  STEVENS,  from  the  committee  of  the  A.  S.  M.  E., 
addressed  the  convention,  explaining  the  methods  adopted 
by  the  A.  S.  M  .E.  in  formulating  its  proposed  standard* 
specifications  for  the  construction  of  steam  boilers  and  other 
pressure  vessels  and  for  their  care  in  service.  He  felt  that 
regard  for  safety  of  life  and  property  should  far  outweigh 
any  consideration  of  cost,  and  the  object  of  the  new  specifi- 
cations was  to  insure  the  best  possil^le  design,  construction 
and  materials.  He  invited  suggestions  from  all  quarters,  and 
stated  that  the  opinions  and  criticisms  of  some  sixteen  hun- 
dred engineers  who  were  recognized  authorities  on  boiler 
design  and  construction  had  been  requested  by  letter  and 
the  replies  collated  and  considered;  that  the  hearing  on 
Sept.  15  was  for  the  purpose  of  still  further  bringing  out 
and  discussing  suggestions  looking  to  the  formulation  of  the 
very  best  specifications  possible.  He  understood  that  the 
Wisconsin  law  recently  enacted  was  being  held  up  before 
being  put  into  effect,  awaiting  the  result  of  this  conference, 
but  was  of  the  opinion  that  this  law  was  a  retrograde  step 
from  the  proposed  standard  in  that  it  called  for  reducing  the 
factor  of  safety  from  5  to  4i/i,  and  allowed  the  use  of  fiange 
steel   in   place   of   firebox   in   boiler   shells. 

GEORGE  A.  LUCK,  chairman  of  the  Massachusetts  Board 
of  Boiler  Rules,  next  read  a  schedule  of  certain  proposed 
changes  which  the  board  is  considering  putting  into  effect, 
but  which  it  is  at  present  holding  up  for  hearing  until  after 
the  proposed   A.  M.   S.   B.   conference   on   Sept.   15. 

In  reply  to  a  question  by  C.  S.  Barnum,  Mr.  Luck  stated 
that  the  board,  with  reference  to  welded  joints,  called  for 
the  forging  process,  not  cqnsidering  acetylene  or  electric 
welding  advisable. 

In  reply  to  a  question  by  John  L.  Gill.  Mr.  Luck  stated 
that  lugs  or  brackets  were  permitted  to  be  attached  to 
portable  boilers  with  reinforcing  pad,  the  wording  of  the 
rule  being  "may  be."  He  explained  that  in  Canada  it  is  cus- 
tomary to  put  on  lugs  on  portable  boilers  with  reinforcing 
pads,  and  that  the  board  had  been  requested  to  make  the 
proposed  change  in  order  that  boilers  so  built  will  be  ac- 
cepted in  Canada  as  being  in  accordance  with  the  practice 
there. 

"MR.  GILL  inquired,  if  a  line  of  rivets  went  through  the 
shell  in  a  longitudinal  position,  whether  this  would  not  make 
a  single-riveted  boiler  out  of  it  so  far  as  an  allowance  for 
pressure  was  concerned.  Mr.  Luck  replied  that  it  was  not 
necessary  to  put  the  rivets  so  close  together  as  to  bring  the 
boiler  within  less  limits  of  pressure:  that  one  does  not  have 
to  reduce  the  efficiency  in  the  joint,  and  besides,  the  rein- 
forcing  pad   can   be   placed   on    the    inside   of   the    boiler. 

L.  E.  CONNELLY,  chairman  of  the  Committee  on  Uniform 
Boiler  Laws,  then  presented  the  report  of  his  committee, 
which  called  attention  to  the  lack  of  any  boiler  legislation 
during  the  past  year,  and  reviewed  briefiy  the  cooperative 
work  of  the  various  societies  toward  uniform  laws  and.  | 
>^perifications. 
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W.  C.  CONNELLY  called  attention  to  a  recent  communi- 
cation received  by  him  from  several  of  the  steel  makers,  in 
which  he  had  been  notified  that  on  and  after  Oct.  1,  they 
would  refuse  to  accept  orders  for  firebox  steel  with  a  range 
of  more   than    SOOO   lb.   tensile    strength. 

A.  B.  CARHART  urged  the  advantages  of  using  two  small 
pop  safety  valves  on  each  boiler  rather  than  one  large  valve, 
and  emphasized  the  waste  of  coal  and  steam  and  the  lack 
of  economy  through  the  frequent  blowing  of  safety  valves 
too  large  or  unsuitable  and  the  longer  life  of  boilers  secured 
by  the  use  of  accurate  steam  gages  and  well  designed  valves. 

CHARLES  F.  KOOPMAN,  referring  to  the  matter  prev- 
iously mentioned  by  Mr.  Connelly  of  ■  leeway  in  tensile 
strengtii,  thought  that  this  would  come  up  sooner  or  later 
in  the  Massachusetts  law.  He  had  just  learned  that  under 
the  Massachusett.s  law,  another  1000  lb.  was  to  be  given, 
from  52,000  to  63,000,  instead  of  from  52,000  to  62,000.  The 
mills  were  asking  for  a  leeway  of  SOOO  lb.,  bringing  the 
tensile  strength  down  to  54,000  lb.  In  figuring  on  a  72-in. 
boiler,  V2  in.  thick,  150  lb.  working  pressure,  this  would 
mean  a  change  in  the  construction  of  boilers  in  Massachu- 
setts. This  had  been  brought  up  in  Boston,  and  the  speaker 
had  suggested  to  the  mill  that  they  refrain  from  making  an 
arbitrary  rule  of  that  sort  without  first  learning  what  effect 
it    would    have    upon    the    boiler-manufacturing   industry. 

T.  M.  REES  said  he  had  always  been  a  believer  in  high 
tensile  strength,  and  he  did  not  want  to  be  confined  to  a 
low  tensile  strength,  which  would  limit  the  thickness  of 
the  material.  He  always  succeeded  in  getting  the  steel  that 
he  wanted  by  paying  enough  for  it,  and  had  just  received 
word  that  after  six  years'  constant  service  night  and  day 
with  185  to  190  lb.  pressure,  only  one  little  fire  crack  had 
shown    up  on   a   certain   piece  of  work. 

MR.  BLAKE  said  there  had  been  some  dispute  as  to  the 
exact  date  when  the  first  steel  was  worked  in  boilers,  to 
which  Mr.  Rees  replied  that  the  first  steel  ever  put  in  a 
steamer  was  in  the  mud  drums  of  the  steamer  "Tom  Rees" 
in  1869,  which  the  local  inspector  at  that  time  said  must 
be  taken  out  because  made  of  steel  and  not  iron.  The 
builders  refused  to  take  them  out  because  there  was.  nothing 
in  the  law  saying  that  the  steel  could  not  be  used,  and  It 
remained  there  for  years.  The  steel  was  made  by  Hussey, 
Wells   &   Co.   by  the   crucible    process  in    1868. 

As  a  representative  of  one  of  the  large  steel  companies, 
J.    O.    Leech   s.aid: 

"There  seems  to  be  considerable  misapprehension  about 
the  position  taken  by  the  steel  manufacturers  in  regard  to 
tensile  strength.  All  that  the  steel  manufacturers  are  asking 
for  is  a  reasonable  working  range.  Less  than  8000  lb.  range 
is  considerable  of  a  hardship.  We  do  not  care  where  that 
range  lies,  we  can  make  the  steel  any  range  within  reason. 
We  believe  that  you  can  obtain  the  very  best  quality  of 
steel  for  boiler  purposes  with  a  tensile  strength  up  to  68,000, 
or  perhaps  higher.  Marine  boilers  are  regularly  built  with 
a  minimum  of  60,000  lb.  All  we  are  asking  Is  a  reasonaijle 
working  range,  and  we  do  not  believe  it  is  necessary  to 
specify  a  maximum  of  62,000  or  63,000  lb.  to  obtain  the  best 
quality  of  Steele. 

"Slight  differences  in  chemical  composition  or  in  physi- 
cal properties  do  not  alone  govern  quality  as  now  designated 
by  the  terms  flange  and  fireljox.  A  comparison  of  existing 
specifications  will  show  that  some  have  as  high  sulphur 
limits  for  firebox  quality  as  others  allow  for  fiange  quality. 
Some  specifications  for  firebox  steel  have  the  same  ranges 
In  tensile  strength  that  others  do  for  fiange  quality,  which 
Is  an  indication  that  these  properties  alone  do  not  govern 
quality." 

Replying  to  a  question  of  G.  S.  Barnum  as  to  what  gov- 
erns the  quality,  Mr.  Leech  said  that  careful  manufacture 
and  inspection  were  chiefly  responsible.  He  further  added 
that  phosphorus  and  sulphur  within  reason  h.ave  nothing 
to  do  with  the  tensile  strength,  which  is  governed  jirincf- 
pally  by  the  carbon  and  manganese.  A  piece  of  68,000-lb. 
Steel  cannot  be  expected  to  show  as  much  elongation  or  as 
much  reduction  of  area  as  a  i)loct  of  60,000-lb.  tensile 
strength,  because  as  the  tensile  strength  goes  up,  the  duc- 
tility drops;  but  the  same  relative  ductility  will  be  had 
with    GS.nOO   lb.    tensile   strength    as   with    the    60,000  lb. 

WILLIAM  H.  BOEHM:  I  do  not  know  whether  the  ad- 
Vantage  of  having  a  narrow  range  is  well  understood.  Of 
course,  th.at  is  the  whole  point  of  the  discussion,  as  to  what 
Is  the  advantage  of  asking  the  steel  manufacturers  to  work 
to  a  narrow  range,  that  is,  a  r.ange  of  SOOO  lb.  or  less.  I 
have  been  led  to  believe  that  you  cannot  secure  high  tensile 
Strength    and    great    ductility    from    the    same    material.      If 

I  you  specify  high  tensile  strength,  you  necessarily  must  have 
the  material  that  Is  more  or  less  brittle — a  material  that 
can  be  ea.vily  fr.ictured.  In  boilers,  a  materl.al  Is  wanted  that 
Will  stretch  and  not  fracture;  so  If  we  specify  a  material  of 
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and  we  do  not  want  it  to  come  to  us  at  60,000  lb.  tensile 
strength,  beca':se  then  we  are  going  to  get  a  material  that 
is  less  ductile  and  is  more  easily  fractured.  That  is  the 
real  reason  why  we  want  the  manufacturers  to  work  to  a 
narro\-  range   if  they   can    do   it. 

EARNEST  T.  CHILD  stated  that  the  proposed  new  A.  S. 
M.  E.  specifications  would  limit  cast-iron  boilers  to  15-lb. 
pressure,  and  as  representing  the  National  Association  of 
Steam  and  Hot  Water  Fitters,  in  their  behalf  he  asked  the 
assistance  of  the  A.  B.  M.  A.  to  obtain  a  modification  of 
that  recommendation  with  paiticular  reference  to  cast-iron 
sectional  boilers  for  hot-water  heating.  The  installation  of 
cast-iron  sectional  boilers  for  heating  water  is  prohibited  in 
ofiice  buildings  over  35  ft.  high. 

WILLIAM  H.  BOEHM,  as  a  member  of  the  A.  S.  M.  E. 
committee,  inquired  of  Mr.  Child  whether  the  reason  he 
made  this  request  to  increase  the  allowable  working  pres- 
sure on  such  boilers  was  not  because  some  of  these  cast-iron 
boilers  operate  engine-driven  fans,  and  whether  in  such 
cases  he  did  not  want  a  permissible  pressure  as  high  as 
iO  lb.  per  sq.in.,  and  if  so,  whether  he  thought  such  pressure 
perfectly  safe  under  steam  and  not  water  pressure.  Mr. 
Child  replied  that  he  knew  that  a  cast-iron  sectional  boiler 
was  perfectly  safe  working  on  65  lb.  static  pressure,  as  he 
had  one   in    use   at   the   present   time. 

Mr.  Boehm  insisted  upon  a  direct  answer  to  his  question, 
in  reply  to  which  Mr.  Child  said  that  he  did  not  recommend 
the  use  of  cast-iron  sectional  boilers  for  high-pressure  steam, 
such   as   40  lb. 

The  report  of  the  Committee  on  Uniform  Boiler  Specifica- 
tions  was  read,   as    follows: 

"We  recommend  that  Sect.  8,  part  II,  page  30,  of  the  pro- 
posed recommendations  by  the  A.  S.  M.  E.  be  changed  to 
read   as   follows: 

"Safety  valves  having  either  the  seat  or  disk  of  cast  iron 
shall  be  allowed  when   riveted  direct   to   the  shell  of  boiler. 

"Also,  on  same  page,  part  II,  Sect.  9,  that  there  be  inserted 
in  the  third  line,  after  the  word  'type,'  the  words  'or  lever 
safety  valve,'  otherwise  the  said  section  to  remain  un- 
changed. 

"On  same  page,  part  II,  Sect.  11  be  struck  out  and  the 
following   substituted: 

"Fusible  plugs,  except  as  otherwise  provided  for,  shall 
have  an  external  diameter  of  not  less  than  three-fourths  of 
an  inch  pipe  tap,  and  the  banca  tin  shall  be  at  least  %  in. 
in  diameter  at  the  smaller  end,  and  shall  have  a  larger  diam- 
eter at  the  opposite  end  of  the  plug;  provided,  however,  that 
all  plugs  used  in  boilers  carrying  a  steam  pressure  exceeding 
150  lb.  may  be  reduced  at  the  smaller  end  of  the  banca  tin 
to  i\  in.    in   diameter. 

"Fusible  plugs,  when  used  in  the  tubes  of  upright  boilers, 
shall  have  an  external  diameter  of  not  less  than  %  in. 
pipe  tap,  and  the  banca  tin  shall  be  at  least  %  in.  diameter 
at  the  smaller  end  and  shall  have  a  greater  diameter  at  the 
opposite    end   of   the   plug. 

"We  further  recommend,  page  33,  of  part  II,  under  Sect. 
16,   paragraph  b,  be  changed   to   read  as  follows: 

"Each  boiler  shall  have  three  gage  cocks,  located  as  fol- 
lows: the  first  gage  cock  to  be  located  2  "4  in.  above  the  flue, 
the  second  gage  cock  to  be  located  4  'li  in.  above,  and  the 
third   6'/4    in.   above  the  flue. 

"We  further  recommend  that  in  part  III,  beginning  at 
Sect.  1,  all  of  Sect.  1  and  all  of  the  Immediately  following 
Sect.  2,  down  through  the  middle  of  page  1S6,  be  struck  out, 
and  that  there  be  substituted  therefor  the  present  A.  B.  M. 
A.  specifications  covering  materials,  workmanship  and  di- 
mensions, factor  of  safety,  hydrostatic  pressure  and  hang- 
ing  or  supporting  the    boiler. 

"We  further  recommend  that  on  page  208,  Sect.  62  of 
part  III,  read: 

"Manhole  plates  shall  be  of  wrought  or  cast  steel  or  cast 
iron." 

A.  B.  CARHART  called  attention  to  the  fact  that  the 
United  States  Government,  while  formerly  calling  for  zinc 
plates  In  boilers  on  the  supposition  that  they  would  prevent 
corrosion,  had  now  withdrawn  such  specification  because  it 
had  found  that  the  zinc  plates,  while  at  first  lessening  cor- 
rosion, afterwards  increased  It,  producing  finally  a  much 
more  Intense  corrosion  than  that  which  had  been  sought  by 
their  use  to  prevent.  He  hoped  that  the  general  public 
might  not  be  misled  by  the  action  of  the  committee  Into 
thinking   that   zinc  plates  were   unquallfledly   recommended. 

At  the  executive  session  in  the  afternoon,  the  election  of 
officers  resulted  In  the  re-election  of  former  ofilcers  with 
the  exception  of  Colonel  Meier,  W.  O.  Connelly  being  elected 
president,  and  In  his  response  he  pledged  himself  to  renewed 
efforts  for  Increased  membership  and  furtherance  of  the  ob- 
jects of  the  association. 

Among  the  social  features  of  the  convention  were,  on 
Tuesday    evening,    a    reception    with    dancing    and    buffet    re- 
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freshments,  the  grand  promenade  beins:  led  by  Mr.  and  Mrs. 
George  N.  Riley:  a  sightseeing  tour  for  the  ladies,  Wednes- 
day morning;  shopping  and  sightseeing  tour  to  principal 
hotels  and  department  stores,  Thursday  morning:  banquet 
in  the  .\stor  Gallery,  tendered  by  the  Supplymen's  Associa- 
tion, Thursday  evening,  and  also  a  trip  to  Cone.v  Island, 
\vith  a  dinner  at  the  Hotel   Shelburne,   Friday. 

George  N.  Riley  was  toastmaster  at  the  banquet  Thurs- 
day evening  and  kept  the  company  in  the  best  of  humor. 
-Among    those    who   resjionded   to   toasts  were    the   following: 

Charles  R.  Lamb,  representing  the  Merchants  Association 
of  the  City  of  New  York;  W.  C.  Connelly,  president-elect, 
A.  B.  il.  A.,  Cleveland;  D.  J.  Champion,  treasurer.  Supply- 
men's  Association,  Cleveland;  Joseph  Broderick,  Muncie,  Ind.; 
\V  S.  Bateman,  Philadelphia,  Penn.;  James  D.  Farasey,  Cleve- 
land: Hon.  Joseph  Hartigan,  Commissioner  of  Weights  and 
Measures,  New  York  City:  Hon.  G.  A.  Luck,  chairman,  Massa- 
chusetts Board  of  Boiler  Rules;  John  T.  Corbett,  president, 
•Supplymen's  Association,  Chicago:  Miss  A.  B.  Chute,  Enter- 
jirise   Boiler  Co. 

Mr.  Bateman  performed  the  pleasant  duty  of  presenting 
to  Mr.   Champion  a  solid  silver  water  pitcher. 

F.  B.  SLOCUM,  secretary  of  the  Supplymen's  Association, 
was    presented    with    a    solid    silver    service. 

Decision  as  to  place  of  next  anniml  meeteing  of  the  A  B. 
M.  A.  iS  at  present  in  abeyance,  awaiting  the  action  of  the 
Executive  Committee.  It  is  understood  that  the  matter  of 
holding  meetings  possibly  more  frequently  than  once  a  year 
has  been  under  consideration,  and  plans  are  on  foot  to  secure 
in  the  future  a  larger  attendance  as  well  as  increased  mem- 
bership. 
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The  eighteenth  annual  convention  of  the  Central  States 
\Vater^^■orks  Association  was  held  at  Wheeling,  W.  Va., 
Aug.  -."■  to  27.  The  membership  of  this  association  is  com- 
posed of  waterworks  engineers,  superintendents  and  others 
interested  in  water  works  in  the  states  of  Ohio,  Indiana, 
Illinois,  Michigan,  Kentucky.  West  Virginia  and  Western 
Pennsylvania.  The  principal  technical  papers  and  discussions 
of  the  convention  were  centered  around  purification  and 
methods  of  utilizing  the  waters  of  the  Ohio  River  and  this 
subject  was  of  especial  local  interest,  as  the  city  of  Wheel- 
ing has  recently  adopted  a  water  supply  to  be  taken  from 
the  Ohio   River  by  the  Smith  system   of  supply  and  filtration. 

FILTRATION  OF  OHIO  RIVER  WATER 
In  a  paper  presented  by  C.  B.  Cook,  city  engineer  of 
Wheeling,  the  author  stated  that  it  is  necessary  for  neai-ly 
every  community  along  the  Ohio  River  to  use  the  water  from 
this  stream  for  domestic  and  manufacturing  consumption, 
as  there  are  no  other  adequate  sources  of  supply  available. 
The  Ohio  River  has  been  well  called  "One  thousand  miles 
of  sewer,"  for  every  hamlet,  village,  to'vvn  and  city  from 
Pittsburgh  to  Cairo,  empty  its  wastes  from  every  source 
into  the  Ohio  or  its  immediate  tributaries,  without  the  treat- 
ment, rendering  the  water  unfit  for  human,  animal,  or 
manufacturing  purposes. 

The  discharge  from  some  of  our  manufacturing  plants 
and  some  of  the  mines  along  the  river  and  its  tributaries 
has  caused  great  inconvenience  to  all  users  of  river  water 
for  expensive  renewals  from  the  pitting  of  the  boilers  and 
heaters   or  to   the   use   of  boiler  compounds. 

SY.STEM    IS   USE 
There    are    several    methods    of    purification    and    filtration 
in    use    by   the   various   consumers    of   Ohio   River   water:    the 
Well    System,    the    Crib    System,    the    Slow    Sand    System,    the 
Rapid  Sand  or  Mechanical  System  and  the  Smith   System. 

DRIVEN  WELLS 
The  casings  of  the  wells  vary  in  diameter  as  do  the 
size  and  number  of  the  perforations  used.  The  well  system 
generally  supplies  a  water  that  is  hygienically  pure  but 
the  water  is  nearly  always  harder  than  the  river  water,  and 
in  some  cases,  wells  have  been  known  to  show  contamination 
after  some  years  of  use,  as  well  as  to  show  a  considerable 
decrease  in  flow.  In  the  well  systems  water  is  taken  either 
from  wells  drilled  in  the  .sand  and  gravel  bars  forming  the 
bed  of  the  river,  or  from  sand  and  gravel  banks  along  the 
river,  and  in  either  case,  the  wells  secure  a  large  percentage 
of  ground  water.  The  wells  are  usually  drilled  wells  with 
the  casing  driven  down  to  or  into  the  bed  rock  a  short 
distance  and  the  bottom  of  the  casing  drilled  with  holes 
varying  in  diameter  from  one-quarter  inch  to  one-half  inch; 
some  of  the  well  systems  have  a  solid  piece  of  easing  placed 
at     the     bottom     of    the    wells    and     then     have    a     perforated 


pipe  above  this  solid  piece.  The  water  is  allowed  to  How 
by  gravity  from  the  wells  to  a  pumping  station  well,  and 
then  lifted  by  steam  pumps  to  the  consumer  or  is  raised 
by  compressed  air  lifts  out  of  wells  into  a  sub-basin  from 
which  it  is  raised  by  steam  pumps  according  to  local  condi- 
tions. 

CRIB  SYSTEM 
The  cribs  are  usually  built  of  timber,  brick  or  concrete 
near  the  bank  of  the  river  with  the  water  flowing  in  anil 
through  the  sand  and  gravel  with  which  the  crib  has  been 
filled,  the  river  water  filtering  through  the  sand  and  gravel 
to  the  intake  pipe  of  a  pumping  station  and  from  there 
pumped  to  the  consumer.  Mud  and  silt  are  drawn  through 
the  sand  and  gravel,  causing  the  crib  to  become  clogged 
and  the  supply  to  be  greatly,  if  not  wholly,  cut  off.  The 
crib  is  usually  entirely  submerged  so  that  it  is  not  readily 
accessible,  and  so  cannot  be  cleaned.  After  contamination 
is  found  to  exist,  the  only  remedy  is  to  abandon  the  crib 
or  to  cofferdam  it  and  remove  the  sand  and  gravel.  This 
is  usually  an  expensive  process,  generally  requiring  the 
consumer  during  the  execution  of  the  work  to  use  the 
raw   river  water  and   this  clogs   the   distributing   mains. 

THE  SLOW  SAND  SY'STEM 

This  is  sometimes  called  the  English  system,  as  built  in 
various  parts  of  the  counti-y,  and  consists  of  filter  units 
having  an  area  ranging  from  one-half  to  one  acre,  the 
filter  proper  being  contained  in  water-tight  tanks,  the  walls 
and  floors  of  which  are  constructed  of  concrete  or  brick. 
At  the  bottom  of  the  filter  tank  is  located  the  underdraining 
system,  which  takes  the  form  of  channels  over  which  are 
laid  large  stones  or  boulders  and  then  layers  of  graded  gravel 
diminishing  in  size  of  particles  toward  the  top.  On  top 
of  these  layers  of  underdraining  material  is  the  filter  bed 
itself,  which  is  composed  of  some  three  or  four  feet  of 
carefully    selected    washed    sand. 

The  filter  is  operated  by  allowing  the  raw  w.ater  to  flow 
on  to  the  surface  of  the  filter  so  that  there  is  always  a 
volume  of  water  three  or  four  feet  deep  "when  the  filter  is  in 
operation.  The  discharge  of  slow  sand  filters  does  not 
at  any  time  exceed  about  three  million  gallons  per  acre 
of  filter  surface  per  day.  The  mud,  silt,  clay  and  bacteria 
accumulating  on  the  surface  of  the  filter  as  it  operates, 
increase  in  density  and  thickness  until  the  filter  refuses  to 
pass  the  requisite  amount  of  water.  It  then  becomes  neces- 
sary to  shut  down  the  filter,  drain  it  and  scrape  oft  an  inch 
or  so  of  clogged  material,  following  which  operation  the 
filter  is  refilled,  the  inlet  and  outlet  opened  and  operation 
is  resumed. 

RAPID  SAND  OR  MECHANICAL  PROCESS  OF  FILTRATION 
This  system  uses  first  a  coagulating  basin  which  is  usually 
built  of  concrete,  into  which  is  pumped  the  raw  water  and 
into  the  raw  water  the  coagulating  chemicals  are  placed. 
The  chemicals  usually  employed  are  sulphate  of  alumina 
and  sulphate  of  iron,  and  sometimes  lime  applied  to  the 
raw  water  by  various  mechanical  devices.  The  coagulating 
basin  is  built  in  two  ways;  first,  a  plain  basin,  and  second 
by  adding  baffle  walls  inside  the  basin  to  retard  the  flow  of 
the  water  through  the  basin,  giving  a  longer  period  of 
sedimentation.  If  a  plain  basin  is  used,  it  should  have  a 
capacity  of  several  days'  flow;  if  the  basin  be  baffled  the 
capacity  may  be  reduced  to  from  eighteen  to  twenty-four 
hours'  flow. 

The  coagulating  chemicals  form  a  glutinous  substance  to 
which  the  heavier  particles  in  the  raw  water  adhere  and 
are  precipitated  to  the  bottom  of  the  settling  basin,  from 
which  they  are  drawn  oft  into  a  drain.  The  water  thus  pre- 
pared then  passes  on  through  the  filter  beds  which  are 
usually  built  of  concrete  in  units  of  from  three  to  four 
million  gallons  capacity.  At  the  bottom  of  the  beds  is 
located  the  underdraining  system  which  takes  the  form  of 
channels  over  which  are  placed  layers  of  graded  gravel 
diminishing  in  size  toward  the  top.  On  top  of  this  under- 
draining  material  is  placed  the  filter  bed  of  carefully  selected 
washed  sand.  The  water  passes  down  through  these  filter 
beds  at  a  rate  of  one  hundred  and  twenty-five  million  gallons 
per  acre  of  filter  surface  per  day  into  a  clear  water  basin 
and    from    this    basin    into    the    distributing    system. 

When  these  beds  have  become  clogged  with  the  materials 
in  the  water  that  have  not  been  removed  by  sedimentation 
in  the  coagulating  basins,  the  water  is  drawn  off  through  the 
sewer  and  the  clear  filtered  water  is  forced  up  and  through 
the  beds,  stirring  the  gravel  and  sand,  thoroughly  washing- 
it  and  the  dirty  wash  water  passes  off  into  the  sewer  and 
the  unit  is  again  placed  in  commission.  Compressed  air  is 
sometimes  forced  up  through  the  ^vashing  water  to  agitate 
the  sand  for  more  thorough  operation  of  the  washing 
process. 
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THE   SMITH   SYSTEM 
In   this   system    strainer   pipes   are   placed    below   a    filtering 
bed    in    the    river.      The    system    is    not    applicable    to   all    loca- 
tions,  but  must   have   the   natural   facilities   in   the   form   of  a 
proper    gravel   and   sand   bed    in    the    river. 

ADAPTABILITY  AND  EFFICIENCY 
All  the  systems  of  filtration  in  use  along  the  Ohio  River 
have  their  strong  adherents  and  their  opponents.  No  system 
has  a  general  adaptability,  but  each  locality  presents  its 
individual  problem,  and  these  problems  must  be  met  by  the 
most  careful  scientific  study  so  that  they  may  be  solved  in 
an  economical,  hygienic  and  conclusive  manner.  Because 
a  system  of  filtration  may  be  appropriate  to  one  locality  is 
no  reason  why  it  will  suit  another.  None  of  the  systems 
are  fool-proof  but  must  be  operated  with  care.  To  guard 
against  imperfect  operation  the  filtered  water  should  be 
examined  at  regular  and  at  frequent  intervals  for  the  raw 
water  changes  its  character  from  long  periods  of  draught  to 
limes  of  freshet  and  at  times  changes  occur  very  suddenly. 
In  a  well  system  where  the  water  passes  from  the  wells 
to  the  well  at  the  pumping  station,  where  the  ^vate^  ends 
of  pumps  are  submerged,  the  analyses  frequently  show  high 
counts  of  bacteria  and  frequently  show  coli.  It  is  quite  pos- 
sible that  the  va.\v  water  is  leaking  into  the  pump  -well 
contaminating  the  water  taken  from  the  filter  well.  It  is  also 
true  that  where  a  rapid  sand  or  mechanical  filter  is  in  use 
there  are  frequent  complaints  of  disagreeable  taste  and  odor 
in  the  water  and  others  have  the  red  water  plague,  and 
give  trouble  from  clogging  of  pipes  connected  with  plumbing 
fixtures  all  of  which  result  from  bad  design  or  neglect  in 
the   handling   of   the   plant,   and   are   entirely   preventable. 

DISCUSSION 

In  discussion  of  the  paper.  Dr.  S.  L.  Jepson,  secretary  of 
West  Virginia  State  Board  of  Health,  stated  as  the  result 
of  his  investigations  covering  some  years,  that  the  mechanical 
filtration  system  was  the  best  available  for  Ohio  River  water, 
In  which  conclusion  he  believed  that  hydraulic  engineers 
of  reputation  not  only  in  this  country  but  in  Europe  would 
coincide.  He  characterized  as  a  "monu-mental  blunder"  the 
action  of  the  city  council  of  Wheeling  in  asking  the  people 
generally  to  express  their  preference  by  straw  vote  as  to 
what  system  of  filtration  should  be  adopted:  this  he  con- 
sidered a  matter  properly  of  scientific  determination  only, 
and  a  matter  about  which  laj'men  cannot  expect  to  know, 
and  even  the  best  informed  know  none  too  well.  He  stated 
that  eight  years  ago  the  Government  ofiicials  had  condemned 
all  plans  of  natural   sand   filtration   for   Wheeling. 

J.  C.  Martin,  president  of  the  association,  spoke  at  some 
length  upon  the  general  question  of  the  importance  of  filtra- 
tion and  cautioned  the  citizens  of  Wheeling  that  it  would 
be  well  to  go  slow  before  launching  into  an  investment 
which  would  no  doubt  represent  as  large  an  indebtedness 
as  they  could  carry  comfortably  for  some  time  to  come. 
Before  entering  into  such  an  expenditure  it  would  be  well 
to  carefully  consider  and  be  guided,  not  by  uninformed  opin- 
ion or  bias  but  to  follow  the  recommendations  of  scientifically 
trained  experts  who  had  made  these  matters  a  life-time  study. 
While  he  did  not  wish  to  take  uny  sides  in  a  local  con- 
troversy, he  believed  that  it  would  be  unwise  to  adopt 
any  plant  the  mechanism  of  which  would  be  concealed  in 
the  bed  of  the  river  and  its  operation  not  susceptible  of 
Irequent  examinations  from  time  to  time  as  occasion  might 
arise  to  find  if  it  was  in  good  order,  and  whether  it  w.as 
doing  the  work  it  was  intended  to  do,  which  inspection  could 
not  be  made  without  uncovering  the  bed  of  the  river  at  great 
and  almost   prohibitive  expense. 

SMITH    SYSTEM    AT    PARKHRSBURG.    W.     VA. 

L.  E.  Smith,  patentee  of  the  .Smith  •ystem,  in  a  paper  on 
"Filtration  and  Purification  of  Ohio  River  Water"  d«icrib*d 
the  system  devised  by  the  author.  It  consists  of  laying 
horizontal  strainer  pipes  five  or  six  feet  below  the  bed  of 
the  river  and  connecting  a  gravity  line  to  the  intake  at  the 
pumping  station,  so  the  water  may  flow  liy  gravity  to  the 
pumps.  In  the  plant  now  in  operation  at  Parkersburg,  W. 
Va.,  the  beds  comprise  five  units,  each  unit  consisting  of 
two  parts,  the  parts  and  units  being  separated  25  ft.  by 
unexcavated  parts  of  sand  bar  about  4 50  ft.  from  the  West 
Virginia  shore  of  the  Ohio  River.  An  l.S-in.  gravity  line 
leads  from  each  of  the  units  to  a  valve  chamber  on  the  shore, 
the  effluent  entering  a  manifold,  to  which  Is  attached  the 
pipe   leading    to   the   pump.M. 

The  guaranteed  capacity  of  the  plant  is  4,000,000  gal. 
dally.  There  arc  160  strainers,  r,  In.  In  diameter  by  15  ft. 
long,  each  containing  9400  slots.  The  strainers  arc  placed 
In  an  excavation  5V4  ft.  deep,  covered  with  coarse  screened 
gravel    to   a    depth    of    15    In.,    and    over    this    bed    is    a    layer 


of  fine  gravel.  Water  passes  down  through  the  bed  of  sand 
at  the  rate  of  about  5  in.  per  hour,  i'rovision  is  made  for 
backflushing  by  which  any  unit  may  be  separately  back- 
flushed  of  pollution  without  interfering  with  the  regular 
operation    and    use    of   the    remaining    units. 

During  the  discussion  of  the  paper  the  author  stated  he 
believed  the  system  to  be  the  best  possible  where  conditions 
were  favorable;  there  must  be  a  suitable  bed  of  gravel  to 
insure    purification    and    clarification    of   the    water. 
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The  work  of  the  Boiler  Specifications  Committee  marks 
one  of  the  most  important  undertakings  of  the  American 
Society   of   Mechanical    Engineers. 

During  the  past  few  years,  the  introduction  of  boiler 
inspection  laws  in  various  states  and  cities  has  aroused  the 
necessity  for  the  establishment  of  uniform  requirements, 
and  the  efforts  of  the  committee  in  this  direction  have  been 
generally  favored  and  supported.  It  has  been  found  that 
the  most  important  interests  are  in  favor  of  the  best  ma- 
terial and  construction  known,  and  the  letters  that  have  been 
received,  particularly  from  those  abroad,  quite  generally  In- 
dorse  the   position    that   has   been    taken   by   the   committee. 

The  basic  idea  of  the  committee's  work  is  the  formulatioH 
of  a  standard  of  the  highest  requirements,  thereby  reducing 
the  great  loss  of  life  and  property  in  the  United  States  from 
boiler  explosions  and  derangements,  which  are  for  the  most 
part  preventable.  It  is  the  intention  also  to  create  a  stand- 
ard which,  it  is  hoped,  will  ultimately  be  adopted  by  the 
Federal  Government  and  state  governments  not  now  having 
boiler  regulations,  and,  through  uniform  legislation,  to  pro- 
duce such  a  condition  of  affairs  that  a  boiler  built  for  any 
one    state    will    be    acceptable    in    any    other. 

Where  state  legislation  has  been  enacted,  it  is  hoped  that 
it  will   be   modified  to  conform   to  the  society's  model. 

The  preliminary  work  of  the  Committee  to  Formulate 
Standard  Specifications  for  the  Construction  of  Steam  Boilers 
and  Other  Pressure  Vessels  and  for  the  Care  of  Same  in 
Service,  which  was  completed  last  February  and  placed  in 
the  form  of  a  tentative  report,  was  issued  in  an  edition  of 
1500  for  a  preliminary  study,  and  was  submitted  to  recog- 
nized authorities  throughout  the  civilized  world,  including 
nonmembers  of  the  society  as  well  as  members:  it  was  sent 
to  boiler  manufacturers,  prominent  steel  manufacturers,  in- 
surance companies,  Ijoiler  users,  consulting  engineers,  operat- 
ing engineers,  and  all  who  are  known  to  have  special  knowl- 
edge of  the  boiler  business.  ■V\'ith  each  copy  was  sent  a  re- 
quest that  the  recipient  should  take  out  whatever  was  con- 
sidered inadvisable  and  add  whatever  would  further  safe- 
guard human   life  and   property. 

At  the  St.  Paul-Minneapolis  meeting,  much  interest  was 
shown  in  the  work  of  the  committee.  This  was  not  consid- 
ered as  a  report,  but  a  topical  discussion  of  some  of  the  more 
important  phases  of  steam  boiler  legislation  was  held,  and 
many  of  the  points  in  boiler  practice  on  which  there  is  n 
difference  of  opinion  were  considered.  There  had  been  a 
conference  at  Chicago,  on  Monday,  June  15,  between  repre- 
sentatives of  the  committee,  the  Association  of  Steel  Manu- 
facturers and  the  National  Tubular  Boiler  Manufacturers 
Association,  at  which  the  discussion  was  devoted  largely  to 
the  steel  specifications  desired.  This  discussion  was  con- 
tinued at  the  opening  session  of  the  spring  meeting  on  Wed- 
nesday morning,  June  17,  and  was  transferred  later  to  a 
separate  meeting  room,  where  it  was  continued  the  greater 
part  of  the  day.  The  committee  has  sought  in  every  way 
to  sect  re  the  most  full  expression  of  opinion.  The  necessity 
for  a  careful  study  of  the  more  Important  factors  involved 
was  emphasized  by  the  committee,  and  the  result  of  the 
discussion  was  a  resolution  calling  for  a  public  hearing  In 
New  York  in  September,  as   follows: 

Resolved,  that  on  Sept.  15,  1«14,  the  committee  hold.  In 
the  rooms  of  the  American  Society  of  Mechanical  Engineers. 
2!t  West  39th  St.,  New  York,  N.  Y.,  a  hearing  of  all  Interests 
concerned  on  the  preliminary  report  of  the  committee  ap- 
pointed to  formul.ite  standard  specifications  for  the  con- 
strnciion  of  steam  boilers  and  other  pressure  vessels  and 
for  the  care  of  same  In  service,  and  that  those  desiring  to 
particljiate  In  the  discussion  present  their  criticisms  and 
suggestions    In    writing    prior    to    Aug.    15. 

Resolved,  that  In  addition  to  Invitations,  notification  by 
publication   in  the   technical    press  be  given   to  the  hearing. 

Carrying  out  the  jiolicy  of  the  committee  and  the  society 
In  all  of  Its  determinations,  invitations  have  been  sent  out 
to  the  following  associations  and  engineering  organizations 
known  to  be  Interested  In  the  matter  of  standard  boiler 
speclficntlons: 
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American    Boiler   Manufacturers    Association, 
American   Institute   of  Steam   Boiler   Inspectors, 
American   Railway   Master  Mechanics   Association, 
American  Society  of  Heating  and  Ventilating  Engineers, 
American    Society    of   Testing  Materials, 
Association    of    American    Steel    Manufacturers, 
City   of  Chicago,  Department   of  Boiler   Inspection, 
City   of  Detroit,   Office   of  Chief  Boiler  Inspector, 
City   of   New    York.   Department   of   Boiler    Inspection, 
City   of   Philadelphia,    Department   of   Boiler    Inspection, 
Committee   on   Relation   of   Railway   Operation    to   Legisla- 
tion, 

Indiana  State  Bureau  of  Boiler  Inspection. 
Industrial   Commission   of   "Wisconsin, 
Interstate   Commerce   Commission, 
Marine    Engineers   Beneficial    Association. 
Massachusetts    Public    Service    Commission, 
Massachusetts   Board    of  Boiler  Rules, 
Montana    State    Board    of    Boiler    Inspection, 
National   Association    of    Boiler    Manufacturers 
National  Association    of    Cotton    Manufacturers, 
National   Association    of    Stationary    Engineers. 
National   Association    of    Thresher   Manufacturers, 
National  Bureau    of    Standards, 
National   Council    for   Industrial    Safety, 
National    Tubular   Boilermakers   Association, 
New  York  State  Commission  on  Uniform  State  Laws, 
Ohio    State    Board    of   Boiler    Rules, 

Public  Service  Commission,  Second  District,  New  York 
State, 

State  of  Illinois, 
State  of  Maryland, 
State  of  New  York, 
State  of  North    Carolina, 

State  of  Pennsylvania,  Department  of  Labor  and  Industry, 
State  of  Virginia, 

U.   S.  Board  of  Supervising  Inspectors   of  Steam    Vessels, 
U.  S.  Bureau    of   Steam    Engineering, 
U.   S.  Department    of    Commerce. 

Most  of  the  organizations  named  have  accepted  the  invi- 
tation. 

These  organizations  were  invited  to  be  present  or  to  have 
representation  at  the  hearing,  which  will  be  held  in  the 
rooms  of  the  society,  in  New  York,  at  10  a.m.,  Tuesday,  Sept. 
15.  and  also,  in  so  far  as  possible,  that  all  who  had  not  already 
done  so,  prepare  and  send  a  statement  in  writing  previous 
to    the    hearing,   to   assist    in    the    deliberations. 

The  foundation  of  these  rules  is  the  boiler  law  of  Massa- 
chujctts,  which  has  been  enforced  for  some  time  and  which 
lias  recently  been  adopted  by  the  state  of  Ohio,  the  city  of 
Detroit  and  the  city  of  Manila,  in  the  Philippine  Islands. 
Several  of  the  other  states  are  now  considering  the  adop- 
tion of  standard  rules  regulating  boilers  and  other  pressure 
vessels.  In  the  six  years  that  the  Massachusetts  rules  have 
been  in  force,  over  S300  boilers  have  been  constructed  to  that 
standard,  and  boiler  explosions  and  derangements  have  been 
reduced   to   a   minimum. 

Much  credit  is  due  to  the  committee  for  its  tireless  efforts 
in  preparing  the  tentative  report,  in  collating  the  enormous 
amount  of  data  embodied  in  the  voluminous  recommendations 
on  which  the  tentative  draft  was  based.  The  work  has  in- 
volved much  self-sacrifice  on  the  part  of  the  members,  par- 
ticularly John  A.  Stevens,  chairman,  whose  extensive  experi- 
ence as  a  member  of  the  Board  of  Boiler  Rules  of  the  State 
of  Massachusetts,  in  developing  and  inaugurating  the  Massa- 
chusetts standard,  has  been  turned  to  advantage  in  the  work 
here  undertaken.  The  other  members  of  the  committee  to 
whom  much  credit  is  also  given  are  W.  H.  Boehra,  R.  C. 
Carpenter,  Richard  Hammond,  C.  L.  Huston,  E.  D.  Meier  and 
E.  F.  Miller.  This  work,  which  is  borne  exclusively  by  the 
committee  members  and  by  the  American  Society  of  Me- 
chanical Engineers,  is  for  the  benefit  of  the  people  through 
the  protection  of  life  and  property  and  of  the  boiler  industry 
at  large.  It  is  national  in  character  and  its  effect  will  be 
felt  not  only  by  the  manufacturing  interests  in  easier  con- 
ditions for  selling,  but  also  will  be  of  similar  benefit  to  the 
users,  as  it  will  enable  them  to  secure  boilers  more  promptly 
and  at  less  cost  for  a  safe  boiler. 


Mr.  Shute  was  born  at  Somerville,  Mass.,  and  is  a  grad- 
uate of  the  Massachusetts  Institute  of  Technology.  He  has 
been  with  the  Westinghouse  electric  company  since  1893,  first 
in  the  testing  department,  then  in  erecting  and  laboratory 
work,  and  in  the  engineering  department  until  IS'JS,  when 
he  was  transferred  to  the  commercial  department.  In  1903 
he  was  made  assistant  to  Vice-President  L.  A.  Osborne,  in 
which  position  he  was  particularly  active  in  developing  the 
liea\y  electric  traction  and  single-phase  railway  work.  In 
1910  he  succeeded  Walter  McFarland  as  acting  vice-president 
of   the  company. 

Mr.  Shute  is  a  membei  of  the  American  Institute  of  Elec- 
trical Engineers,  National  Electric  Light  Association,  En 
gineers  Club  of  New  York,  is  a  director  of  the  Pittsburgh 
Chamber  of  Commerce,  and  is  closely  identified  with  a  num- 
ber  of  other  technical   and    social    organizations. 

Truman  P.  Gaylord,  district  manager  of  the  Westinghouse 
Electric  &  Manufacturing  Co.  at  Chicago,  has  been  elected 
acting  vice-president  to  succeed  H.  D.  Shute,  now  secretary- 
treasurer.  Mr.  Gaylord  was  born  at  Shelby,  Mich.,  and 
graduated   from   the   Armour  Institute  of  Technology. 

He  was  engineer  of  underground  construction  during  the 
■Vi'orld's  Fair  at  Chicago,  1892-3.  Then  he  became  assistant 
professor  of  electrical  engineering  in  the  Armour  Institute 
until  1S9S,  when  he  became  electrical  engineer  for  the  Com- 
monwealth   Edison    Co.    of  Chicago. 

From  1S99  to  1902  he  was  a  salesman  for  the  Westing- 
house Electric  &  Manufacturing  Co.  Then  he  was  made 
district    manager   of   the    company   in    Chicago. 

Mr.  Gaylord  is  a  member  of  the  American  Institute  of 
Electrical  Engineers,  the  National  Electric  Light  Association, 
and  is  closely  identified  with  a  nu.iiber  of  other  engineering 
societies. 


Henry  D.  Shute  has  been  elected  treasurer  of  the  West- 
inghouse Electric  &  Manufacturing  Co.,  Pittsburgh,  Penn., 
to  succeeed  T.  W.  Siemon,  who  recently  resigned  to  accept 
the  position  of  secretary-treasurer  of  the  Union  Switch  & 
Signal   Co.,   Swissvale,   Penn. 


ATL.-INTIC     COAST     ST.\TES 

Fire  recently  destroyed  the  electric-light  plant  at  Mount 
Vernon,  Maine,  owned   by  R. 'H.   Jacobs.      Loss,   $10,000. 

The  Central  Maine  Power  Co.,  Waterville,  Maine,  plans  to 
build  a  new  fireproof  station  to  replace  the  one  recently 
burned.      F.    H.    Mason    is    Ch.    Engr. 

Bids  will  be  received  by  Dr.  Carl  J.  Hedin,  Supt.  of  Maine 
School  for  Feeble-Minded,  West  Pownal,  Maine,  until  noon, 
Sept.  IS,  for  constructing  a  power  plant  and  transmission  line. 
Arthur  B.    Fels,   60   Union   St.,   Portland,   is    Engr.-in-Charge. 

Bids  will  be  received  until  2  p.m.,  Sept.  2S,  by  E.  L.  Wil- 
liams, Cornell  University,  Ithaca.  N.  Y.,  for  the  construction, 
heating  and  plumbing  and  electric  work  for  the  new  drill 
hall    for    Cornell    University. 

The  Atlantic  City  Electric  Co.,  Atlantic  City.  N.  J.  has 
secured  a  permit  and  will  soon  call  for  bids  for  the  con- 
struction   of   a   power    house   costing   about    $9000. 

Fire  recently  damaged  the  power  station  of  the  Philadel- 
phia Electric  Co.,  Bobbins  Ave.,  Philadelphia,  Penn.  Loss. 
$10,000. 

AVE.ST    OP   THE    .MISSISSIPPI 

Fire,  Aug.  24,  destroyed  the  Adel  Light  &  Power  plant, 
Adel,  Iowa.      The  estimated  loss  is   $.^)0,000. 

At  a  recent  election,  the  citizens  of  Aurelia,  Iowa,  voted 
in  favor  of  a  bon  dissue  for  the  construction  of  a  municipal 
electric-light  plant.     The   estimated   cost   is  $7000. 

Press  reports  state  that  the  Town  Council,  Aurora,  Minn., 
cotemplates   erecting   a    municipal   electric-light   plant. 

A  municipal  electric-light  plant,  costing  $10,000,  will  be 
constructed  at  South  Sioux  City,  Iowa  (Sioux  City  post  of- 
fice). 

Bids  will  be  received  by  the  State  Board  of  Control,  St. 
Paul,  Minn.,  until  noon,  Sept.  1.5,  for  power-plant  equipment 
for  the  St.  Cloud  State  Reformatory,  St.  Cloud,  Minn.  The 
Charles  L.  Pillsbury  Co.,  Metropolitan  Life  Bldg.,  Minneap- 
olis,  Minn.,   is   Engr.-in-Charge. 

The  citizens  of  Kansas  City,  Kan.,  at  a  recent  election, 
voted  to  issue  $450,000  in  bonds,  the  proceeds  to  be  used  for 
making  improvements  to  the  municipal  electric-light  plant. 
The  following  equipment  is  needed:  Boilers,  a  3000-kw.  tur- 
bine, coal  and  ash-handling  machinery,  superheaters,  steam 
and   water   piping.      The    estimated    cost    is    $200,000. 

The  Citv  Council,  De  Witt,  Neb.,  is  considering  plans  for 
the  establishment  of  a  municipal  electric-light  plant  to  cost 
$15,000. 

The  Wild  Cat  Mining  Co.,  White  Oaks,  N.  M..  contemplates 
building  an  electric  power  plant  and  a  power  transmission 
line  to  its  mines  in  Nogal  Canon  and  to  Carrizozo.  A.  a. 
Graham,  J.  H.  Fulmer,  Jr.,  and  W.  H.  Tupper,  all  of  Mish- 
awaka,    Ind.,    are    interested. 

The  Auburn  Gas  Co  ,  Auburn,  Wash.,  will  construct  a  gas 
plant,   estimated  to  cost   $40,000.      J.  L.   Veach   is  Mgr. 

On  Aug.  29.  fire  destroyed  the  power  plant  of  the  North- 
ern California  Power  Co.,  Redding,  Calif.  The  town  is  with- 
out  light   or  power.      Loss    about    $20,000. 

The  Mount  Whitney  Power  Co.,  Tulare,  Calif.,  will  build 
a  reinforced-concrete  substation.  H.  A.  Kluegel,  Msalia, 
Calif.,  is  Ch.   Engr. 
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"Hello,  Mr.  Veers?  This  is  Mr.  Ponce  of 
the  Ponce  Steel  Co.  Say,  Veers,  we  need  a 
chief  engineer  for  our  Du  Twain  Works. 
You've  been  an  assistant  there ;  you  know  the 
plant.     Would  you  like  to  take  the  job?" 

"Thanks,  Mr.  Ponce;  but  I've  a  good  place 
here.  I  greatly  appreciate  your  thoughtful- 
ness  for  calling  me  up,  though." 

"Job  pays  $1800  a  year.  Veers,  and  there's 
two  weeks'  vacation,  with  pay  in  advance. 
We'll  do  better.  All  depends  on  the  quality 
of  the  man.  Can't  consider  it,  eh?  Well, 
can  you  recommend  a  man  that's  capable  of 
the  job?     You  know  a  lot  of  engineers." 

"Don't  know  of  a  good  man  that's  idle,  <iuv 
that  I  could  send  you,  Mr.  Ponce,  but  I'll 
see  what  I  can  do.     Don't  mention  it.     Good- 

by." 

Veers  was  silent  for  a  full  three  minutes, 
then  Ufting  his  head  with  a  jerk,  exclaimed: 

"Beats  the  devil,  doesn't  it?  I  know  at 
least  three  hundred  men  in  this  city — all  fine 


chaps,  personally — that'd  jump  for  that  job 
like  a  hungry  dog  for  a  bone,  but  I  dare  not 
send  one  to  the  place!" 

"Dare  not  send  one?  Why?"  I  asked  in 
amazement. 

"Y'see,  it's  an  alternating-current  job — 
2400  volts  to  the  board  and  transformers,  then 
240  to  the  motors  in  the  scattered  buildings. 
It's  an  up-to-the-minute  plant;  runs  day  and 
night.  A  moment's  interruption  of  service 
would  throw  the  management  into  nine  cat- 
fits.  They're  exacting,  but  as  square  as  a 
Quaker.  They're  willing  to  pay  for  the  goods, 
but  they  wdiit  the  goods. 

"Our  boys  in  this  town  are  not  up  on  the 
A.  C.  stuff.  They'd  fall  as  .sure's  my  name  is 
Veers.  Then  I'd  get  in  wrong.  Too  bad! 
But  it's  mostly  their  own  fault.  Goodness 
knows,  the  sources  from  which  to  learn  about 
running  an  A.  C.  plant  are  many. 

"I  help  tlicse  boys  all  I  can — always  put 
better  jobs  in  their  way — but  some  other  fel- 
low's going  to  get  this  one." 
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VirElMi^im  Power  Coc 


^w  SUemmrH' 


By  Warkkx  O.  Rogers 


syyorSIS — The  pvesent,  20,600-kv.a.  output  of  the 
plant  will  be  coiisiuupd  hij-coal-mining  operations  for  cut- 
ting, hauling,  hoi.^tiug,  ventilating  and  pumping.  The- 
plant  is  constructed  on  the  nnit  plan,  each  generator  unit 
having  its  own  boilers;  combinations  can  be  made,  how- 
rrer.  Coal  is  delivered  to  the.  boiler-house  bunker  b\j  a 
skip  hoisting  system,  and  cable-drawn  cars,  which  auto- 
matically u-nload  into  the  btinkers.  Coal  is  discharged 
from  the  bunker-  to  the  mechanical  stokers  of  the  twelve 
(iUO-hp.  water-tube  boilers. 

^. 
The  project  of  generating  electrical  energy  at  a  central 
power  plant  to  be  nsed  lor  oi)erating  tlie  hundreds  of  coal 
mines  of  the  Kanawha  and  Xew  River  districts  within 
a  radius  of  50  miles  has  just  been  consummated  by  C.  0. 
Lenz,  of  Xew  York,  who  designed  and  constructed  the 
new  20,600-kv.a.  capacity  steam-turbine  power  plant  of 


Fk;.  2.     Turbine  Room  of  the  Vieginiax  Power  Co., 
Cabin  Creek  Junctiox,  W.  Va. 

the   Virginian    Power   Co.,   at   Cabin    Creek   Junction, 
W.  Ya. 

The  plant  is  built  on  an  11-acre  plot  of  land,  owned 
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\j  n 


Fig.  ;5.     Elevation*  of  the 

by  the  company,  and  is  on  the  west 
bank  of  the  Great  Kanawha  River,  and 
on  the  main  line  of  the  Chesapeake  & 
Ohio  R.R.,  which  affords  delivery  of 
coal  from  the  Cabin  Creek  district.  An 
idea  of  the  number  of  mines  in  the  50- 
mile  radius  from  the  power  house  is 
had  when  it  is  known  that  on  the  Cabin 
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Fig.  4.     A  View  of  the  A'ekthal  'J'riimxE  and  'Motd 
DlilVEX   Puiti's 

Creek  hrancli  of  the  railroad  there  are  53  iiiiue.s  in  a  di.-;- 
taiice  of  50  miles.  The  mines  which  the  plant  will  serve 
operate  on  a  24-hr.  liasis  and  a  load  factor  of  .35  per  cent, 
is  expected  at  the  power  plant. 

BuiLDiX(; 

The  iiirliine  room  s  2.37  ft.  lonu-  and  50  ft.  wide.  The 
two  boiler  rooms  are  in  wings  built  at  right  angles  to  the 
turbine  room,  which  leaves  an  open  conrt  between  them. 
The  Iwiler  rooms  are  each  140  ft.  long  by  93  ft.  wide. 


Fiu. 


The  Two  ]().00()-lli'.  Opex  Feed-Watei; 
Heaters 


grade,  a  Ijasement  has  been  eliminated.  The  main  oper- 
ating floors  of  the  boiler  and  turbine  rooms  are  IT  ft. 
2  in.  above  the  ground  floor,  which  permits  of  natural 
light  to  all  parts  of  the  building,  also  free  ventilation. 

The  roof  is  concrete  slabs  reinforced  with  "Hyrib" 
and  pitched  and  valleyed  to  low  points  for  drainage.  To 
insure'  tightness,  four-ply  "Hydrex"  roofing  is  used  for 
a  roof  covering,  bolted  slag  being  spread  over  the  roof 
covering   to   prevent   the   compound    from    flowing.      All 


Tlhuixe  Room,  Siiowi.vo  Puesknt  axd  Futi'ue  TrHito-GKNEUATOHs 


The  superstructure  is  built  on  a  (■oncrcl{!  foumialion 
and  base  courses.  Tlw.  8U])er,structun'  is  a  self-.supporl- 
ing  skeleton  steel  frame  encased  with  brick,  which  are 
pilastered  at  the  columns  wilh  a  cornice  of  concrete  and 
brick  around  the  building.  Both  the  Imiler-  ami  the  tiir- 
bine-rooMi  walls  arc  broken  by  spacious  windows,  the 
frames  and  sashes  of  wliich  are  stwl.    As  the  boiler  and 


floors  ai'e  sled 
and  are  capali 
11).  per  scj-fl. 


fraiiies  holding  reinfoi-ced-concrele  slabs. 
•  of  carrying  a  gross  load  ol'    100  to  (iOO 

Tnnnxi:  Room 

The    prcsi'nt   e(|uipment   consists    of    two    10.300-kv.a. 
double-flow    fiirho-generators,  delivering  tlireo-|ihase,  (iO- 


turbinc  buildings  have   a   ground    floor   at   0   in.   above      cycle,   6600-volt  current   when   rmining  at    1R00   r.p.m. 


40C 


POAV 


Fig.  6.     Fieing  Aisle  ix  Xo.  1  Boilei;  Tidom 

Each  is  equipped  with  a  !)()-k\v.,  12.5-volt,  direct-current, 
direct-connected  exciter.  There  is  also  a  100-kw.,  I'-io- 
volt,  2400-r.p.m.,  single-stage  turl)ine-driven  exciter  unit 
as  a  standby.  These  are  shown  in  Fig.  2.  The  two  turlx)- 
generators  which  will  be  put  in  when  the  demand  for 
electi-ical  energy  warrants  will  not  have  self-contained 
exciters,  there  being  sufficient  direct-current  capacity  in 
the  three  present  exciters. 

The  station  can  he  operated  on  the  unit  plan,  that  is. 
any  one  turbine  \rith  its  boilers,  generator  and  its  step-up 
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transformers  and  feeders  indepcndt'utly :  interconnec- 
tions are  possible,  liowever. 

The  main  turbine  units  are  connected  to  a  suspended 
Xo.  20  Leblanc  condenser,  the  pvuups  for  «hich  are 
driven  by  a  2r)0-hp.  reentry  steam  turbine  at  700  r.p.m. 
These  are  on  the  ground  floor,  as  shown  in  Fig.  1.  The 
condenser  is  between  the  turbine  foundation  columns, 
with  the  turbine  outside.  This  allows  for  a  connecting- 
shaft  long  enough  to  pennit  movement  of  the  condenser 
with  temperature  changes. 

-  \n  abundant  supply  of  clean  condensing  water  and 
lioiler  feed  is  obtained  from  the  river.  Screens  prevent 
debris  entering  the  pumps.  From  the  intake,  the  water 
flows  through  two  28-in.  pipes  to  a  small  surge  basin, 
from  which  the  water  flows  by  gravity  to  the  main  water- 
supi)ly  pumps.  These  are  in  a  pit  53  ft.  below  the  pump- 
room  floor,  which  is  on  the  ground  level  and  at  the  river 
end  of  the  turbine  building,  as  shown  in  Fig.  3,  which 
is  ;m  elevation  of  the  jircsent  and  contemplated  turljine 
room. 

There  are  three  main  pumping  units,  Fig.  4.  Two  are 
24-in.  vertical  shaft  pumps,  with  a  capacity  of  17'.0IH) 
gal.  per  min.,  running  at  38.")  r.p.m.,  driven  by  320-hp., 
440-volt  induction  motors.  The  other  is  an  18-in.  pump 
with  a  capacity  of  8300  gal.  per  min.,  at  550  r.p.m,  driven 
liv  a  165-hp.  vertical  steam  turbine.  These  pumps  dis- 
cliarge  into  a  concrete  flume  which  extends  the  length 
of  the  building  under  the  turbine-room  floor,  and  from 


Fig.  7.    Elevation  of  the  Two  Boilek  Houses,  Each  to  Contain  Twelve  600-: 
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Pig.  8.    Smoke  Flue  below  the  Boilers 


Fig.  9.     Smoke-Flue  Coxxection  to  the  Chimney 


which  the  injection  water  is  pumped  to  the  condenser. 
.Alongside  of  the  intake  flume  is  a  discharge  duct  into 
which  the  condensers  discharge,  and  which  also  receives 
the  overflow  from  the  intake  flume.  The  discliarge  from 
the  condensers  flows  to  a  concrete  discharge  tunnel,  which 
empties  into  the  river  just  below  the  intake  portal.  As 
the  flow  of  the  river  carries  the  water  dovm  stream,  this 
does  not  affect  the  condensing  water  temperature. 


At  the  boiler  side  of  the  wall  dividing  the  condenser 
from  the  ashjiit  rooms  are  two  double-suction,  6-in.  hori- 
zontal, centrifugal  jjumps,  each  having  a  capacity  of 
1200  gal.  per  min.  One  is  directly  connected  to  a  7o-hp., 
three-phase,  60-cycle,  440-volt  induction  motor  and  runs 
at  17(30  r.p.m.  The  otlier  is  driven  by  a  single-stage 
steam  turJiine  at  ITGO  r.p.m.  These  pumps  elevate  water 
from  the  intake  tunnel  to  a  50,000-gal.  tank  on  the  roof 
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Fig.  10.     Alley  between-  the  Ashpits 


FKi.  11.     Ci.vDEi!  Chutes  rxDEi;  the  Boileiis 


either  directlv  or  bv  pumping  through  pressure  filters,  driven  boiler  feed  pumps.  Each  runs  at  3000  r.p.iu.  and 
The  filtered  water  is  for  boiler  feed  makeup  and  general  delivers  water  to  the  boilers  at  225  lb.  pressure;  the  tur- 
bines are  of  96  hp.  each.  This  arrangement  gives  a  good 
head  to  the  feed  pumps. 


house  service. 


Boiler  Feed  TrMi's 


The  two  10,000-hp.  open  feed-water  heaters  and  puri- 
fiers, Fig.  5,  are  in  a  room  between  the  two  boiler-room 
bays.  Below,  on  a  level  with  the  boiler-room  floor,  are 
two   400-gal.   per  min.    double-suet  ion,    tri])lex,    turbine- 


BoiLICKS 

.\s  alread,y  stated,  the  boiler  plant,  Fig.  6,  will  be  in 
two  separate  houses.     The  one  boiler  house  at  ])resent  J 
-  ■■inpleled  contains  six  batteries  of  two  lioilers  each.  'I'liese    ^' 


Fig.  13.     Arlungement  of  Boilek  Feed  Pipes 
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Coal-  axd  Asii-Haxdlixg  Toweu  axd  Cable- 
Cau  L'lxway 


water-tube  boilers  are  of  GOO-hp.  capacity,  or  7200  hp. 
total.  Each  boiler  has  a  total  effective  heating  surface 
of  o883  sq.ft.  This  boiler  capacity  gives  a  ratio  to  the 
combined  turbine  capacity  of  approximately  1  to  2.9. 
The  boilers  have  dutch  oven  furnaces,  which  are  equipped 
with  mechanical  stokers,  each  8x12  ft.,  or  90  sq.ft.;  this 


Fig.  14. 


Cable  Cai;,  Loaded  with  Coal,  ox  Thack 
Scale 


Fig.  1.5.     Gexeral  Plax  oi'  the  Powei;-Plaxt  Layout 

with  the  back  plate  gives  an  effective  grate  area  of  120 
sq.ft.  per  boiler,  or  a  ratio  of  1  to  •">  to  the  boiler  rating. 
As  each  boiler  has  5882  sq.ft.  of  heating  surface,  the 
latio  of  grate  surface  to  heating  surface  is  1  to  49. 

Xatural  draft  is  used  in  the  furnaces,  with  which  the 
furnace  and  stokers  can  be  forced  to  200-per  cent,  rated 
capacity  for  peak  loads. 

The  boiler  house  is  divided  into  two  sections,  Fig.  7, 
a  row  of  six  boilers  on  a  side,  with  a  firing  aisle  between. 
The  boilers  have  superheaters,  which  superheat  the  steam 
oO  deg.     A  presstire  of  18.5  lb.  is  carried. 

Each  row  of  six  lioilers  lias  a  self-supported  steel  stack, 
I 'lick  lined  from  top  to  bottom.  The  stacks  are  262  ft. 
liigh  and  have  an  inside  diameter  of  11  ft.  4  in.,  giving 
101  sq.ft.  of  cross-sectional  area. 

The  Ijoilcrs  arc  coiinectc<l  from  the  last  pass  to  a  lined 
steel  smoke  flue.  Fig.  8,  which  is  under  the  rear  of  the 
boiler  on  the  grouud  floor.  Midway  of  the  building,  the 
flue  goes  out  through  the  wall  to  the  stack,  Fig.  0.  This 
anangemeut  eliminates  all  sharp  turns  in  the  passage 
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of  the  flue  gases  to  the  stack  -Am]  ])nts  tlu'  i\w  below  the 
l>oiler  room  out  of  the  way. 

The  setting  of  the  boilers  is  arranged  with  fire-brick 
lined  ash  jiits,  which  are  on  the  gronnd  floor  of  the  boiler 
house.  Thev  are  made  with  a  sloping  bottom,  so  that 
the  ashes  can  he  raked  out  into  a  one-ton  ash  car,  which 
runs  on  tracks  in  the  alley  between  the  two  rows  of  ash 
bunkers.  Fig.  10.  The  ashes  will  at  first  be  used  for 
lining  in  around  the  i)1an(?  but  later,  wlicu  not   re(iuired 
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for  tlie  purpose,  will  lie  wheeled  to  the  ash  track  hopper 
at  the  coal  and  ash  elevator  out  in  the  yard  and  elevated 
liy  skips  to  an  ash  bunker  in  the  tower. 

At  the  back  of  the  boiler  ashpits  are  two  cinder  bunkers 
into  which  the  cinder  falls  in  passing  through  the  two 
passes  of  the  lioiler.  Each  has  a  sealed  discharge  chute, 
which  makes  cleaning  out  comparatively  simple.  The 
chutes  are  shown  in  Fig.  11,  which  is  a  view  through  the 
allev  under  the  boilers. 


.\t  the  far  end  is  shown  the  blowofP  tank,  which  dis- 
charges into  the  river.  It  is  connected  to  a  second  tank 
piped  to  the  other  row  of  boilers  by  a  vent  pipe,  which 
is  rim  to  the  atmosphere. 

The  arrangement  of  the  boiler  feed  line  is  shown  in  Fig. 
12.  Each  set  of  six  boilers  is  supplied  by  a  main  6-in.  line, 
reducing  at  the  last  boiler  to  2^2  in.  Besides  the  reguln  r 
feed  connection,  a  2l^-in.  branch  pipe  is  tapped  into  tlie 
main  feed  line,  and  is  connected  to  the  blowofl'  line  witli 
suitable  control  valves  between.  Tliis 
gives  an  emergency  feed  for  each 
boiler.  In  addition,  there  are  a  4- 
and  a  (!-in.  line  between  the  two  maiu 
feed  lines,  so  that  any  combination 
can  be  made  to  get  water  to  all  boilers 
if  either  main   feed  line  fails. 

CoAL-IT A X nLI XG   A PPA R ATUS 

Above  the  boilers  and  firing  aisle 
in  each  boiler  room  is  a  steel,  con- 
crete-lined coal  bunker  120  ft.  long. 
It  has  a  capacity  of  12  tons  per  lin.ft., 
or  a  total  capacity  of  1440  tons.  All 
coal  is  handled  by  a  hoist  contained 
in  a  structural  steel  tower,  124  ft. 
high.  Fig.  13.  This  houses  a  con- 
crete ash  bunker,  concrete-lined  coal- 
receiving  hopper,  crushing  rolls  and 
machinery  for  operating  a  double 
skip  elevating  system.  At  the  bottom 
of  the  tower  are  two  concrete  receiv- 
ing hoppers.  One  is  for  coal  and 
holds  60  tons.  The  other  is  of  the 
same  size  and  is  to  receive  the  ashes 
from  the  ash]iit  cars  when  wheeled 
from  the  boiler  house. 

Coal  is  switched  over  tlie  coal  hop- 
per and  discharged  into  it.  The 
bdisting  ski])s  lower  to  a  ]ioint  below 
llic  discharge  spout  of  the  hopper,  so 
ibat  the  coal  runs  into  them  by  grav- 
itv,  the  flow  being  controlled  by  an 
S-gate  operated  by  a  lever  from  the 
operator's  platfoi'ui.  Before  the  gate 
opens,  however,  a  movable  chute  is 
moved  out  with  the  same  operation, 
so  no  coal  is  dropped  into  the  skip  pit 
when  the  gate  is  being  opened  and 
closed. 

The  skip  being  charged  with  coal, 
is  hoisted  by  a  motor  drive  to  the 
top  of  the  tower,  when  the  skip  is 
automatically  dumped,  its  contents 
going  to  a  double  set  of  crushing  rolls, 
from  which  the  crushed  coal  goes  to  a 
receiving  hopper  and  from  which  it  is 
delivered  into  cable-drawn  railway  cars.  When  Ijeiug 
filled,  these  cars  are  on  a  track  scale.  Fig.  14.  Each 
car  has  a  cable  grip  which  is  tightened  on  the  endless  ca- 
ble by  a  handscrew.  The  cable,  which  is  kept  taut  by  a 
counterweight  suspended  at  the  right  of  the  tower,  runs 
around  guide  pulleys  at  the  curves  and  on  rollers  on 
straight  runs  from  the  tower  to  the  coal  bunker  in  the 
boiler  house,  at  the  left  of  Fig.  i:!,  and  returns  tbrnugh 
the  other  boiler  house. 
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Fig.  19.     Ti!axsformer  axd  Coxceete  Foundations 

A  trijjper,  wliich  can  be  placed  at  any  desired  point 
over  tbe  l)unkers,  automatically  dumps  tbe  car  load.  A 
single  pull  of  a  lever  resets  tbe  side  doors  of  tbe  car  ready 
for  a  new  load.  From  the  bunker,  the  coal  is  delivered 
to  tbe  stokers  tbrougb  chutes,  of  which  there  are  two  for 
each  boiler,  with  one  bunker  outlet.  The  maximum  ca- 
pacity for  hoisting,  crushing  and  conveying  lump  coal  is 
150  tons  per  hour. 

As  soon  as  conditions  permit,  a  coal-storage  s)iacc  will 
be  provided  in  tbe  yard,  jieclaiming  tracks  will  run  to 
this  supply,  which  when  needed  can  l)e  loaded  into  cars 
and  dumped  into  the  coal  i)n])]ier  for  hoisting  to  the 
crushing  rolls.  Fig.  15  is  a  jdan  view  of  the  plant,  show- 
ing the  coal-storage  area  on  tbe  near  .side. 

The  present  structures  are  ample  in  size  for  double 


tlie  rated  generating  capacit}-  of  the  present  equipment. 
The  foundations  for  the  two  stacks  for  the  second  boiler 
bouse  are  already  built.  When  the  additional  equipment 
is  in,  the  plant  will  have  a  turbine  capacity  of  41,200 
kv.a.  and  a  boiler  output  of  14,400  hp. 

Elkctrical  Coxtrol 

Tbe  control  room  is  on  the  front  of  the  turbine  build- 
ing and  level  with  the  turbine-room  floor.  Here  are  tlie 
bench  board  and  measuring  instruments,  Fig.  16,  for  re- 
mote control  of  tbe  low-  and  high-tension  switches,  a  chief 
engineer's  office  and  a  chart  room.  On  tbe  ground  floor 
are  tbe  storage  batteries,  power  and  lighting  transformers 
and  toilet  room.  All  low  tension  oil  switches  and  busses 
are  in  concrete  cells  on  the  ground  floor  of  the  turbine 
buililing.  A  wiring  diagram  of  the  power  bouse  is  shown 
in  I'ig.  IS.  All  high-tension  apparatus  is  outside  tbe 
building.  The  steel  supporting  frames,  transformer,  dis- 
connecting switch,  choke  coils,  circuit-breakers  and  elec- 
trolytic lightning  arresters  are  shomi  in  Fig.  17.  There 
are  seven  2750-kv.a.  outdoor-type  transformers,  which 
raise  the  voltage  from  6600  to  44,000  volts.  They  are 
single-phase,  60-cycle,  and  tlieir  high-  and  low-tension 
sides  are  connected  delta.  The  transformers,  Fig.  19. 
rest  on  a  wheeled  jdatform,  which  is  supported  by  rails 
on  concrete  stringers  laid  on  a  concrete  foundation.  A 
track  runs  in  front  of  the  transformers  to  a  repair  house 
at  one  end  of  the  steel  structure.  If  a  transformer  needs 
attention,  it  is  pushed  on  the  car  and  taken  to  the  house 
for  repairs.  Beneath  tlie  transformers  are  oil  pipe  lines. 
These  are  so  arranged  that  disconnecting  is  simple,  and 
the  oil  in  the  transformers  can  be  changed  while  they 
are  on  the  line. 

Transmission'  Lines 

The  main  transmission  line  is  46  miles  long,  extend- 
ing from  tbe  plant  to  Beckley.  The  line  is  sectionalized 
at  four  division  points,  where  frames  carrying  switches 
are  placed  for  cutting  out  the  section  in  case  of  trouble 
with  one  circuit.  A  diagram  of  the  line  connections  is 
shown  in  Fig.  20.  The  steel  main  line  poles  and  square 
ambor  towers  carry  crossarms  for  double  power  circuits 
and  two  ground  wires.     The  power  cables  are  of  000 


Sut-Stafan 
\  FMrcti>Tirf 


1  iStn^/rUntServf^ 


^MetjrvSery 


Creek    [ 


0150  Km 

\6cimffca 

,-:— .-OB! 


Winona 


Keenys  Creek 


J  Fayette 
i  75  Hw. 


l>K^>ipP* 


Monf^omery 


^C 


^r.'"-"'- 


pu"' 


ilO"? 


M: 


MiDonald 
Sun 


._J 


k 


T?       if  Presp^rHy 


'Ktiin^h 


1 


Fit!.  20.       DiACIRAM  OF  TIIK  LlNK  SvsTKM 


Crani^erry 


412 


r  (J  w  E  It 


Yul.  10;  Xn.  1-? 


seven-strand  co{)per  wire.  The  %-in.  ground  cables  are 
seven-strand  galvanized  wire.  There  are  a  large  number 
of  distribution  hranehes  led  oil'  from  boili  main  cireuits 
by  take-off  frames. 

Three-disk  suspension  insulators  are  ut^ed  on  llie  ]iower 
circuits,  with  four  disks  used  for  strain. 

The  Virginian  Power  Co.  also  owns  sites  on  the  New 
River,  all  "in  the  immediate  vicinity  of  the  bituminous 
coal  fields  of  West  Virginia  and  eastern  Kentucky.  The 
total  power  \vlii<h  it  would   he  possible  to  develop  from 
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Tlie  aicompanying  illustration  shows  an  old  sleam  en- 
gine which  is  still  in  operation  at  Mansfield,  Ohio.  It 
is  of  the  vertical  type,  and  appears  to  be  single-acting; 
this,  however,  is  not  the  case.  There  are  no  crosshead 
and  piston  rod  as  is  usual  in  the  doiible-acting  steam  en- 
gine. Instead,  the  piston  is  extended  out  thnmgli  one 
eiul   of    the   i  viinder,   as   shown.      As    this   e.xtensicm    is 


No.      Equipment 


PUINCIP.\L  EQIIPMENT  OF  THE  VIRGINI.^N  POWER  PL.A.NT 
J..    ,  j-j^p  l^ijp  Operating  Conditions  Maker 

„    .  T^     L,    fl  in  inn  I-,-  «  Main  unit.;  ISOO  r.p.m.,  185  \h.  steam,  .50  deg.  superheat. 

2  Turbo-generators  Double  Bow 10..TOO  k-^  .a... .    Mam  units 5.phLe.  (50  eylces,  6600  volts Westinghouse  Co.'s 

2  Baiters Self  contained 90  kw With  main  turbo  gener-  Direct  coupled,  1800  r.p.m..  125  volts Westinghouse  Elec.  &  Mfg.  Co. 

1  E^iJSe         g:S^^"'    :  }m^:::;:::::  iS^a^Sl^'excuei  K;m;;}l5,S:£=:;^'lo deg; superheat: 

i  A™denscr«  Leblanc  .  No.  20 With  main  turbine   ,  .  .    28-29-m.  vacuum ....  ._^ 

2Tu?brneJ     .  R^" nto. :■.■.:.."•  ■  250  hp Driving    condenser  185  lb.  steam  .W  deg.  superhc.t.  ,00  r  p  n, 

2  Pumps Vertical  cent 24  in..     17,000  Water   to   house    flume  Moto-  '-■  ■  -   •""■• 


&    Mfg. 


I.  P.  .Mo 


1  Pump Vertical  cent. 


Turbin 


ven,  5.i0  r.p.m IP.  Morris  Co. 

440  volts.  3-phase,  60  cycles Westinghouse  Elec.   &   Mfg.   Co. 

180  lb.  steam,  50  deg.  .superheat.  Terrv  Steam  Turbine  Co. 

motor  driven U.  D,  Wood  &  Co. 


gal.  per 

in.,     8500 

gal.  per  min.  Water  to  house  flume 

2  Motors Induction 320  hp Driving  vertical  pumps  38o  i 

I  Turbine Vertical 165  hp Drives  vertical  PumP^  -JS"  ' 

1  Pump Double  suction,  6  m.,  1200  gal.  TransterwatertooO.OOO 

cent pcrmin gal.  tank :;,■,;„„ 

1   Pump                       Double  suction,  6  in..  1200  gal.  Transfer  ivater  to  .-jO.OOO 

cent per  min gal.  tank. I'O" 

1   Motor Induction 75  hp Driving  transfer  pump  17bO 

1  Turbine                   Single  stage 75  hp Driving  transfer  pump       I  /ou 

■>  Heaters                    (  h>en.  Cochrane.  .  .    10,000  hp Heatmg  feed  water 

2  Pumps  Triplex 400     gal.     per 

mm.  cap. . .  .   Boiler  feeders duuu 

2  Turbines Single  stage 96  b.hp Driving  boiler  feed            ^^  ^^^     ^^.  ^^   ^^^^^    .^  ^^^  superheat 

}?  Boile.^ 5^-:.-- ^..  «??^R-  -^   •   ?^I^  =1°Saces::  TZ"^'^^!^^"^''''  '   ^^  *---><' 


I.,  turbine  driven 

1.,  440  volt,  3-phase,  60-cycle 

1.,  185  r.p.m.,  50  deg.  sup:irheat. 
Using  exhaust  steam  from  auxiliaries 


R.  D.  Wood  &  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
Westinghouse  Mch.  Co. 
Harrison  Safety  Boiler  Works 


work  against  200  lb.  pressure Westinghouse  Mch.  Co. 

W.'stinghouse  Mch.  Co. 


Co. 


12  Stokers Murphy,  automatic  8x12  ft Dutch  oven  furnaces 

2  Stacks Steel,  lined 1 1'4"   inside       One  for  each  six  boile 

dia..  262'  high 
1  Tower  hoi.st Steel 150    tons    coal 


Engin 
Natural  draft. 


M.  B.  Pollock 


pel 


hr Handling  coal  and  ash 


Motor  drive-  . 
UtiOO  to  44.000  1 


C.  W.  Hunt  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 


these  sites  is  170,000  kw..  and  if  opci-atcd  on  ;!o  per  timt. 
load  factor,  the  assumed  ))<>\ver  which  could  lie  generated 
would  be  4.50,()00.(tO(i  kw.-lir. 


hollow  it  allows  sufficient  space  for  the  movement  of  the 
connecting-rod,  one  end  of  which  is  pivoted  in  the  piston 
proper.  This,  of  cotirse.  materially  cuts  down  the  effec- 
tive area  of  one  end  of  the  piston.    It  is  e.xtremely  hard 


The  wrench  consists  of  hut  practically  three  working 
parts,  the  rocking  jaw,  the  handle  and  the  yoke  that  joins 
the  two.-  The  soft  iron  rivet,  a  weak  point  in  the  old 
wrench,  has  been  eliminated,  although  the  movable  jaw 
has  the  same  rocking  motion  necessary  to  the  bite  and  re- 
lease action  of  the  wrench. 

The  illustratibirsliow.s"th"e  design.  The  wrench  is  oper- 
ated by  holding  it  in  one  hand,  pressing  down  with  the 
thumb  on  A  and  at  the  same  time  pushing  forward  or 


liiPKOvED  AVuktIit  Pipe  WKExrii 


pulling  back  the  yoke.  When  adjusting  the  wrench,  the 
jaws  are  opened  wide  and  the  point  of  the  lower  jaw  B 
placed  against  the  side  of  the  pipe.  Then  the  rocking 
jaw  C  is  pulled  with  the  thumb  until  its  point  touches 
the  pipe,  when  the  thumb  is  released  and  the  jaws  are 
dropped  over  the  pipe. 

This  wrench  is  made  by  A.  Harvey's  Sons  ^Nfanufac- 
turing   Co.,   Ltd.,    First   and   Woodbridge    St.,   Detroit, 

:\rich. 


Peculi.vi;  Deskjn  of  Steam  Exgixe 

to  ])ack  this  end   and   prevent  steam  leakage   from   the 
cylinder. 

The  engine  is  lused  for  driving  power  hammers  and 
punches  in  the  forge  shop.  Its  age  is  :]5  years ;  ]icrhaps  | 
more. 
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By  Dr.  ALFiiiio  Guadexwitz 


At  the  Funghera  electricity  works  of  the  Soeieta  Alta 
Italia  (near  Turin),  there  has  been  in  operation  for  a 
short  time  a  centrifugal  pump.  Fig.  1,  remarka!)le  both 
for  its  efneiency  and  dimensions.  The  most  important 
feature  of  this  single-stage  pump,  constructed  by  Messrs. 
Sulzer  Bros.,  of  AVinterthur,  Switzerland,  is  that  a  single 
rotor  is  used  to  deal  with  a  maximum  barometric  head  of 
498.6  ft.  and  a  maximum  output  of  47-5.5  gal.  per  see. 
at  1002  r.p.m. 

This  pump  serves  to  accumulate  water  and  is  intended 
at  given  intervals  to  raise  the  contents  of  a  suction  tank 
into  an  elevated  storage  reservoir.  The  suction  and  dis- 
charge heads  are  bound  to  increase  during  pumping,  as 
tli(>  suction  tank  is  emptied  and  the  storage  reservoir 
tilled,  and  these  fluctuations  must  not  entail  any  reduc- 
tion in  efficiency,  the  constructors,  in  utilizing  the  avail- 
aide  energy  to  the  best  advantage,  had  to  solve  a  ditFi- 
cult  problem. 

Fig.  2  illustrates  the  working  conditions.  The  storage 
reservoir  has  a  capacity  of  11,000,000  gal.  The  guar- 
anteed power  consumption  for  the  whole  duty  of  the 
pump  is  29,000  kw.-hr.,  corresponding  to  0.0026  -f-  kw.- 
hr.  per  gal.  of  raised  water.  On  tests  on  delivery,  how- 
ever, this  guaranteed  figure  was  not  reached.  The 
geodetical  head,  at  the  beginning  of  pumping — i.e.,  with 
the  lower  tank  filled  and  the  upper  tank  emptied — is 
440.5  ft.  and  at  tlic  end.  496.      'I'lie  head  thus  fluctuates 


Fl(!. 


SlN(JLE-ST.\(ii';  ('KNTIfll  rc.M.   I'lwr? 


li   time  al)out  5.5. S   ft.     The  output   of  the  ]ium]i,  at 

ix'ginning,  when  the  head   is  a   uiiuimum,  should  bo 

''.'<  gal.  per  sec,  and  while  slighlly  decreasing  as  Iho 

1  grows,  sliould  allow  th<»  whole  amount  of  11,000,000 

.  of  water  to  be  lifted  in  about  .SVi;  hours. 

Curve  A   illustrates  the  growing  of  tlie  water  level  in 

•  upper  tank  and  curve  B  the  falling  of  the  level  in  the 

■r  one.     Both  arc  approximately  rectilinear,  and  the 

If  applies  accordingly  to  curve  C,  which  represents  the 

iiwing  of  the  suction  head.     Curve  D  shows  the  amount 

water  raised  per  second  at  difTerent  times  of  working. 


and  curves  E^  and  Er,  show  the  behavior  of  the  niano- 
metrical  and  geodetical  heads.  The  difference  between 
these  heads,  during  the  second  half  of  the  pumping  op- 
erations, is  considerably  smaller  than  during  the  first. 
This  is  due  to  the  pump,  at  the  beginning,  in  dealing  with 
the  small  geodetical  head,  having  to  be  partly  throttled 
by  the  regulating  slide.  After  about  3VL'  hr.  working  of 
the  pump,  a  condition  is  reached  with  a  geodetical  head 
of  485.4  ft.,  when  there  is  no  longer  any  need  for  throt- 
tling the  regulating  slide. 
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Duration  of  Test 
0  12  3  4  5         5  7 

Hours 


X  ThrotHed  Slide 
H=Seod.=(fii+442+  H2)Ft 


x.  Slide  Entirely  Opened 
n  Constant  =1002  R.P.M. 


Fid.  2.     CiiAHT  Showing  WoitKiNO  Conditions 

These!  curves  show  the  pumji  to  adapt  itself  in  a  high 
degree  to  various  heads,  lifting  relatively  small  amounts 
of  water  at  the  beginning  when  working  under  a  low  h(!ad. 
While  this  adaptability  could  have  been  driven  even 
slightly  farther  by  chosing  a  somewhat  larger  motor- 
generator  set,  the  immaterial  improvement  of  efficiency 
thus  attainable  would  not  have  warranted  the  extra  cost. 
The  dotted  au.xiliary  curve  E,,  which  ii  based  on  the 
imaginary  hypothesis  that  throttling  by  means  of  the 
regulating  slide  is  not  required,  allows  the  amount  of 
work  expended  in  throttling,  during  the  first  stage  of  oji- 
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eration,  to  be  gaged.  Wlieu  distributed  over  tlie  whole 
time  of  working  plus  this  would  not  even  amount  to  2 
per  cent,  of  the  whole  work. 

The  curves  show  the  efficiency,  as  referred  to  the  baro- 
metrical head,  to  rise  to  81  per  cent,  during  times  of 
heavv'  loads  on  the  pump  in  throttling.  The  extremely 
high  total  efficiency  of  70  per  cent,  for  the  pump,  in- 


clusive of  the  nioior  and  conduits — tiiat  is,  the  efficiency, 
as  referred  to  the  geodetical  head — should  be  noticed.  The 
sti-aight  course  of  the  curves  also  shows  the  total  effi- 
ciency to  remain  constant  during  the  whole  time  the 
p\nnp  was  in  operation,  which,  during  the  throttling  stage, 
was  working  nnder  especially  advantageous  conditions,  as 
may  be  seen. 


nl^cniniE    s^im 


^imglinie 


Tes4  ta 


Gr^s^raimtee  CoimdlMioini^ 


By   I\.  II.  C'ohhett' 


A  Nordberg  jroppet-valve  engine,  sold  to  the  United 
States  Metals  Eefining  Co.  for  its  Grasselli  plant,  was 
sjuaranteed  to  produce  a  horsepower-hour  on  10.0  lb.  of 
steam  under  the  conditions  stated  in  the  first  column  of 


per   cent,   efficiency   working  between   given   limits  may 
bo  found  by  the  following  formula,  the  derivation  of  wliich 
appeared  in  PowEU  of  February  2,  1909,  page  225 : 
U  =  II  ^  —  /(.,  —  (A\  —  rtjr. 


Fig.  1.     NoHDBERG  CHOSs-CoMPOUNn  AT  Grasselli  Plant,  IT.  S.  Metals  Refining  Co. 


the  follo^ving  tahle.  On  its  acceptance  test  it  required 
11.015  lb.,  but  the  conditions  were  those  shown  in  the 
second  column : 


U 


B, 


Initial  pressure,  lb.  gage 

Back  pressure,  in.  mercury  abs. . 

Superheat,  deg.  F 

Steam  rate,  lb.  per  i.hp.-hr 


Guarantee 
150 


Performance 

154.78 

3  9 

76  15 

11  015 


In  view  of  the  lower  superlieat  furnished  it  and  the 
departure  of  the  other  conditions  from  those  of  the  con- 
tract, did  the  engine  meet  its  guarantee? 

This  was  determined  by  comparing  the  Eankine  effi- 
ciencies of  an  engine  using  10.9  lb.  of  steam  under  the 
conditions  of  the  contract  and  11.015  under  the  condi- 
tions of  the  test. 

The  number  of  B.t.u.  con\ertible  bv  an  engine  of  100 


•Representative  of  the  Nordberg  Mfg.  Cc 


Heat   convertible    by   a    lOO-per    cent,    engine 

working  in  Eankine  cycle  in  B.t.n. ; 
:  Total  heat  per  pound  of  steam  in  initial  con- 
dition ; 
ft,  =  Heat  of  the  liquid,  jier  pound  in  final  condi- 
tion ; 
Xi  =  Entropy  of  steam  in  initial  condition ; 
n.,  =  Entropy  of  water  in  final  condition; 
T.,  =  Absolute  teniperat'ure  of  steam   in   final   con 
dition   =   Fahrenheit  temperature  t.^  due  to 
back  pressure  +  459.64. 
This  gives  the  number  of  B.t.u.  which  a  luO  per  cent, 
engine  could  get  out  of  a  pound  of  steam.     Multiply  H 
by  the  number  of  pounds  of  steam  used  per  horsepower- 
hour,  and  it  gives  the  B.t.u.  which  a  100  per  cent.  enM 
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gine  could  get  out  of  the  steam,  which  the  engine  uses. 
A  horsepower-hour  is  equivalent  to 

33,000  X  60 


777.52 


=  2546.56  B.t.u. 


This  is  what  the  engine  actuallj'  got  out  of  a  given 
amount  of  steam :  the  figure  above  derived  is  what  a  100 
per  cent,  engine  would  have  got  out  of  it.  The  former 
divided  by  the  latter  is  the  so  called  "Eankine"  efficiency 
of  the  engine.  This  is  worked  out  for  the  two  cases  be- 
low, the  values  being  derived  from  the  Marks-Davis 
tables  of  the  physical  jiropertics  of  steam. 

Gl  ARAXTEE   COXDITIOXS 


150  lb.  gage 
14.4  barometer 

164.4  lb.  abs. 
uitial  pressure 

N,   =  1.6273 

N,  =  0.1738 

abs.  back  pressure 

1251   94    =  H, 
t,   =  125.48             93  38   =  h. 

100  deg.zF. 
superheat 

■lOJ..  Ol            ,  , -tj     -c           I, 

—  h, 
—  o^^  T, 

,-X,   =  1.4535 

X       585  12   =    8.50.47    =  (X 

.308.09   =  H, 
10.9 

—  h,  —  (X.  — 

3.358.  18n2546 

51) 

TEST  COXDITIOXS 


169.18  1b.  abs. 
initial  pressure 


abs.  back  pres.sure 


1144.39  =  H,  - 
838.49  =  (X,  - 


X,)  T, 
Ik  — (X,- 


75 .  3  per  cent. 

It  will  be  seen  that  the  efficiency  with  which  the  en- 
gine performed  under  the  test  conditions  is  practically 
that  with  which  it  would  have  been  rec|uired  to  perform 
under  the  test  conditions  to  meet  the  guarantee,  which 
was,  therefore,  considered  as  having  been  accomplished. 
The  figures  of  the  test  are  as  follows: 

DUTY  TEST  OF  XORDBERG  CRO.SS  COMPOCXD   COXDEX.SIXG 
POPPET  VALVE  ENGINE 

Made  by  .Vordbere  ManufacfurinE  Co.  and  the  I'nited  States  Metals  Re6ning 
Co.,  on  euKine  located  .it  the  United  States  Metals  Refining  Go's,  Gras-seUi  Plant, 
to  determine  steam  consumption  per  indicated  horsepower. 

Diameter — hieh  pressure  cylinder,  in 19 

Diameter — low  pres.sure  cylinder,  in 44 

Stroke,  both  cylinders,  ft 3  5 

Date  of  test— October  1st,  1913 
Total  Quantities,  Tim.-.  Etc. 

Duration  of  t«st,  hr 10 

Water  fed  to  boilers  durinK  test,  lb 

I.oas  of  steam  from  boilers  and  rjunip  leakace  during  t€8t,  lb 

Total  water  chnrced  to  engine.  lb 

Water  charaed  to  enRine,  per  lir.,  lb 

Pressures 

Steam  at  throttle,  lb.  pel-  lui.in 

Barometer,  29.316".  lb.  per  iiq.in 

Absolute  steam  pressure,  lb.  per  sri.in 

Absolute  back  pressun.',  lb.  per  sq.iii 

Receiver  prr'-sure,  lb.  per  sq.in 

Prewure  in  low  pressure  jaclict.  lb.  per  sci.in 

Temperatures,  Dfir   V 

Steam  at  throi lie,  den.  F 

CorrespondinK  superheat  at  throttle,  dee.  ¥.. 

n'lsh  pressure  exhaust,  deR.  F 

•  —   rrrssure  inlet,  deg.  F 

sup«-rheat,  deg.  F 


72,.307 

.3928 

68.379 

0837.9 


154.78 
H  4 

169  18 
I   91 


■  K    F. 


I  at  boiler 
sponding 


,  deg.  F 

,  deg.  F 

upcrhcat  at  boiler,  deg.  F. 


Electrical  Kcadingji 


lilch  board 
wild,  hoard 
espf>nding.  . 
r  responding 


104  4 

84.8 
490,28 
122.78 


40.39,76 
SO  03 
.3991 7 


c  revolutions  \ 
speed,  ft.  per  i 


Speed 


High-pressure  cylinder,  i.hp. . 
Low-pressure  cylinder,  i.hp.  - 


Total  power  developed 620,84 

M.E.P.  in  hiffh-pressure  cylinder 52.605 

M.K.P.  in  low-pressure  cylinder 9.. 557 

M.E.P.  in  high-pressure  cylinder  referred  to  low-pressure 9.511 

Total  M.E.P.  referred  to  low  pressure  cylinder 19.068 

Efficiency  Results 

Steam  per  indicated  hp.  per  hr..  lb 11 .015 

A  photograph  of  the  engine  is  repiiMliHiMl  in  Fig.  1. 
The  heads,  but  not  the  barrels  of  both  the  high-  and  low- 
pressure  cylinders,  are  steam  Jacketed.  Poppet  valves 
are  used  on  the  high-pressure  cylinder,  as  shown  in  Fig. 
2,  but  the  low-pressure  is  fitted  with  Corliss  valves,  with 
separate  eccentrics  for  the  steam  and  exhaust.     The  en- 


FiG.  2.     Ckoss-Sectiox  of  High-Presscee  Cvlixder 

gine  has  thus  the  advantage  of  valves  with  no  frictionai 
contact  for  use  in  the  superheat  and  of  tlie  Corliss  valve 
with  its  lesser  clearance  when  the  temi)erature  has  got 
ijclow  that  at  which  tluM-e  is  likely  to  be  any  difficulty 
in  lubrication.  The  valve  gear  on  the  low-pressure  cylin- 
der is  of  the  Xordberg  full-stroke  type,  permitting  cut- 
ofl'  to  occur  at  any  point  up  to  completion  of  the  stroke. 
The  Xordberg  Co.  was  organized  for  the  purpose  of  mak- 
ing a  cutoff  governor  for  slide-valve  engines.  The  valve 
used  in  the  governor  was  of  the  poppet  or  double-beat 
type  operated  by  a  separate  eccentric  and  tripi)ed  by 
fly  balls  at  each  stroke,  thereby  converting  the  engine 
to  which  it  was  attached  to  an  automatic  engine.  The 
governor  was  a  success  from  the  beginning  and  the  step 
to  the  building  of  the  poppet  valve  engine  was  a  natural 


.Mountains  of  Culm  DiHnpitenrinK — The  mountnins  of  culm 
which  brn.Tk  the  sky  liii.-  thioiiBhoiit  the  anthracite  coal  region 
of  rennsylvani.i  and  which  wero  fni-  many  years  considered  a 
nuisance  are  now  being  made  to  serve  a  useful  purpose. 
There  is  at  present  a  market  for  almost  any  grrade  of  anthra- 
cite that  will  burn,  and  no  more  cnal  goes  to  the  culm  bank 
except  for  temporary  storage  and  subsequent  recovery  by 
washers.  These  ranges  of  artificial  hills,  unsightly  monu- 
ments to  former  waste,  are  contributing  their  share  to  the 
total  coal  production  and  are  rapidly  disappearing.  Even  the 
wa.ste  from  the  culm-bank  washers  Is  being  utilized,  for  It  Is 
flushed  Into  the  mines  and  partly  Alls  old  workings  where 
it  cements  together  and  furnishes  support  to  the  roof  when 
the  coal  previously  left  f>u-  pillars  Is  removed. 


416 


POWER 


Vol.  40,  Xo.  Iti 


5y  Fuaxk  (t.  1'hilo 


The  value  of  coal  as  fuel  depeuds  not  alone  upon  the 
total  number  of  heat  units,  or  B.t.u.  per  pound,  but  upon 
ibe  fraction  of  the  total  heat  contained  which  can  be 
produced  under  actual  conditions  of  combustion  and  op- 
eration. The  B.t.u.  value  of  one  coal  as  represented  bv 
a  calorimetric  determination  may  be  higher  than  a  second 
actually,  but  the  lower  B.t.u.  coal  often  shows  a  higher 
actual  fuel  value.  This  can  be  seen  when  it  is  considered 
that  the  calorimetric  determination  does  not  include  the 
moisture  in  tlie  coal,  as  fired,  the  amount  and  composi- 
tion of  the  ash,  whether  it  contains  excessive  slag  or 
clinker-forming  constituents,  or  there  are  present  such 
impurities  as  sulphur  compounds,  which  in  spite  of  their 
heat-producing  properties  are  often  the  cause  of  partial 
corrosion  of  the  boiler,  the  breeching  and  the  bunkers. 

The  sample  of  coal  tested  by  the  calorimeter  is  nsually 
burned  in  an  atmosphere  of  pure  oxygen,  a  condition 
much  different  from  that  in  practice,  where  an  atmo- 
sphere of  only  21  per  cent,  of  oxygen  exists.  It  follows 
that  the  most  practical  way  to  determine  the  relative  fuel 
value  of  different  coals  is  to  burn  a  considerable  amount 
of  each  grade  upon  the  grates  and  in  the  furnace  under 
operating  conditions  and  note  the  characteristics  accom- 
panying each  grade. 

Tables  1  and  2  and  the  charts.  Figs.  1  and  2,  show  the 
results  of  tests  during  which  over  20,000  tons  of  Xo.  3 
buckwheat  coal  were  fired  and  over  500  chemical  an- 
alyses were  made. 

The  coal  used  was  fired  into  the  same  type  of  furnace 
and  upon  tlie  same  "sawdust"  grate,  having  small  cir- 
cular air  spaces  ranging  from  g^  to  Vs  in.  in  diameter. 
The  area  of  the  air  spaces  represented  a1)out  8  per  cent. 


10      12      14      16      18      ZO     22     Z-4     26     28     50     JZ     M     56     J8     40     42 
Per  Cent.  Combustible  in  Cinders  •*-« 

Fig.  1.   Curves  Which  Designate  Ashpit  Losses 

of  the  total  grate  area.  Forced  draft  was  used,  and  an 
average  pressure  of  1  in.  of  water.  As  practically  no 
coal  fell  through  the  small  openings,  the  fuel  losses  in 
the  ashpits  represented  these,  due  to  the  combustilile 
carried  with  the  ash  at  cleaning  periods,  which,  in  this 
plant,  occur  once  every  sLx  hours.     Tt  was  found  prac- 


'tically  impossible  to  economically  barn  out  more  com- 
bustible after  it  had  been  burned  until  it  represented 
about  18  per  cent,  of  the  material  left  on  the  grates  after 
"pushing  back."  This  fixed  ratio  of  combustible  to  re- 
fuse mainly   accounts  for  the   rapid  rate  in  which  the 
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3      19      20      21      22     25      24     25     2G     27      28     29     30 
Per  Cent  Ash  in  Dry  Coal  PowtR 

:-HOWIXG    ACTCAL    AXD    CALORIMETER 
''jiLUE    OF    Fl'EL 


losses  in  the  ashpits  increased  with  the  higher  ash  coals. 
The  percentage  of  the  total  combustible  lost  was  cal- 
culated from  the  following  formula: 

]}cr  cent.  ut!;l' combustible  lost  = 
{per  cent,  ash  in  dry  coat)  X  [per  cent,  comb,  in  dry  refuse) 
(100  —  ;jcr  cent,  ash  in  dri,  ■i.;n.l)  —  (100  —  per  cent, 
combustible  in  ary  refuse 
With  anthracite  as  fuel,  the  value  of  the  combustible 
in  the  refuse  is  almost  the  seme  as  that  of  an  equ.il  weight 
in  the  coal  fired,  so  no  correction  was  applied.     To  sini- 

T\BLE  I.     COMPARISON  OF  THE  CALORIMETER  VALUE   AND 
ACTUAL    VALUE*   OF   DIFFERENT   ASH    COALS 


Calorimeter  Value 

Per  Cent.  Ash  per  Lb.  Dry  Coal 

in  Drj-  Coal  B.t.u. 

14  12,220 
16  11,920 

15  11.640 
20  11,330 
22  11,080 

24  10,800 
26  10,510 

25  10,240 
30  9.950 


Actual  Value 
per  Lb.  Dry  Coal 


11,755  9«  2 

11,420  S.T    :< 

11,080  95  2 

10,714  94  4 

10,348  93  4 

9,936  92  0 

9.459  90.0 

8,949  87.4 

8,900  80.4 

*The  "actual  value"  of  a  pound  of  coal  is  here  taken  to  mean  the  difference 
between  the  total  B.t.u.  contained  in  1  lb.  of  dry  coal  fired  and  the  B.t.u.  m  the 
combustible  in  the  dry  refuse  per  pound  of  dry  coal  fired. 

TABLE  IT.     CALORIMETER  AND  ACTUAL  V.U-TOS  OF  DIFFERENT 
ASH  COALS  .4S  COMPARED  WITH  14  PER  CENT.  .\SH  COAL  AS 
A  STANDARD 
Calorimeter  ^'alue  .Actual  Value 


Cal.  Val.  of  14%  .\sh  Coal  -Act.  \  al.  of  14%  .-^h  Coal 

Per  Cent.  Aah 

Per  Cent.                                 Per  Cent. 

100  0                                        100  0 

97  5                                          96  9 

95.3                                          94  1 

20 

92  9                                          91.0 

90.7                                          88.3 

24 

88  4                                          84.5 

26 

86.0                                          80.0 

28 

83.8                                          76.1 

30 

81.4                                          68.1 

plify  the  calculation  of  ashpit  losses  the  curves  in  Fig.  1;^  | 
were  plotted,  based  on  the  formula  given.  j 

The  tables  and  curves  will  be  found  useful  in  calculat-- 
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ing  the  penalties  to  be  imposed  for  high  ash  when  coal 
is  to  be  purchased  on  specification.  Although  the  actual 
values  given  will  not  apply  to  all  sizes  and  kinds  of  coal, 
llie  actual-loss  curve  will  be  about  the  same.  Of  course, 
in  computing  the  economic  value  of  the  different  coals, 
due  allowance  must  be  made  for  the  transportation  costs. 


cost  of  handling  the  coal  and  refuse,  and  the  increased 
depreciation  and  maintenance  charges  against  the  grates 
and  stokers  that  accompany  high  ash  and  clinker.  The 
reduction  of  the  capacity  of  the  boiler  and  the  furnace 
must  also  be  borne  in  mind,  especially  in  plants  where 
the  boilers  are  required  to  operate  at  high  overloads. 


Iimdlncator 


Boe] 


By  M.  K.  Bkyan 


,SYXOPS IS— Deals  with   the  transfer  of  heat   info  boil- 
e/'.v  as  indicated  bij  the  CO.,  content  in  (lie  flue  gases. 

The  efficiency  of  the  furnace  and  grate  is  the  ratio  of 
the  heat  available  for  absorption  by  the  boiler  to  the 
heat  in  the  coal  fired,  and  the  efficiency  of  the  boiler  is 
the  ratio  of  the  heat  absorbed  by  the  boiler  water  to  the 
heat  available  for  absorption.  Boiler  efficiency,  as  usu- 
ally expressed,  combines  these  two  and  is  that  percentage 
of  the  heat  of  the  coal  fired  which  is  absorbed  by  the 
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wat<'r  in  tiic  ijoilcr.     This  is  stated  algebraically  as  fol- 
lows : 

,r  {H  -h) 

^ WTTZ~ 

Wllc|-c 

E  =  Boiler  and  grate  efficiency ; 

)/•   ^  I'oiuids    of    water    eva])<)ratr(l    in    a    unit    of 

time; 
ir  =  Pounds  of  coal  fired  in  a  unit  of  time; 
//  — /t  =  Heat  absorbed  by  one  pound  of  water; 
//,  =  The  heat  in  one  pound  of  coal  as  fired. 
The   above   expression    sliows   that   E   for   a  given    in- 

•itallation  depends  n])oii  tlie  ratio      ;,  and  to  increase  the 

efficiency,  more  water  per   ]i()iiii<l  of  coal    must  be  evap- 
orated. 


This  can  be  done  by  increasing  the  efficiency  of  the 
furnace  and  grate  or  by  increasing  the  efficiency  of  the 
boiler.  Increasing  the  tightness  of  the  setting  or  the 
cleanliness  of  the  heating  surface,  or  perhaps  changing 
the  arrangement  and  properties  of  the  gas  passage, 
will  increase  the  efficiency  of  the  boiler,  the  efficiency  of 
the  furnace  and  grate  not  changing  appreciably,  but  in- 
creasing the  furnace  and  grate  efficiency  necessarily  in- 
creases the  efficiency  of  the  boiler. 

Increasing  the  furnace  and  grate  efficiency  without 
changing  their  design  is,  primarily,  a  question  of  air 
supply,  generally,  a  reduction  of  air  supply.  The  quan- 
tity of  air  supplied  is  indicated  by  the  percentage  of  CO. 
in  the  gases  of  combustion,  and  the  character  of  these 
gases,  which  is  indicated  by  the  percentage  of  CO,, 
largely  determines  the  combined  efficiency  of  the  unit 
because  of  the  laws  governing  the  transfer  of  heat  from 
the  products  of  combustion  to  the  water  in  the  boiler 
and  because  it  depends  upon  the  sort  of  comiiustion  tak- 
ing place. 

The  modes  of  heat  transfer  to  the  water  in  the  boiler 
are  by  radiation  from  the  fire  and  by  convection  from 
the  gases  to  the  outside  of  the  water-heating  surface, 
then  by  conduction  to  the  inside  of  the  heating  surface — 
that  is,  through  the  metal  and  then  by  conduction  from 
the  inside  of  the  heating  surface  to  the  water. 

Badiation  of  heat  from  the  furnace  to  the  heating  sur- 
face depends  directly  upon  the  difference  of  the  fourth 
jiowers  of  the  temperature  of  the  furnace  and  that  of  the 
outside  of  the  heating  surface.  It  is  expressed  by  the 
formula 

IT  =  K  {'n  —  i') 
in  which  II  is  the  heat  radiated  from  the  furnace, 
whose  temperature  is  T,  to  the  outside  of  the  heating  sur- 
tace  having  the  tcmiicraturo  / ;  K  is  a  constant  dependent 
upon  the  relative  ])ositions  of  the  radiating  surfaces  and 
the  heating  surfaces,  and  the  units  in  which  //  is  ex- 
pressed. Fig.  1  has  a  radiation  curve  showing  the  hcali 
radiated  from  a  furnace  to  the  heating  surface  plotted 
against  CO,  percentages.  Note  the  increase  in  CO,  fol- 
lowing the  increase  in  furnace  temperature;  see  Fig.  2. 
transfer  of  heat  by  convection  from  the  gases  to 
heating  surface  depends  directly  upon  the  differ- 
in  temperature  of  the  gasses  and  the  heating  sur- 
and  upon  the  weight  of  gas  passing  over  the  sur- 
and  indirectly  ujion  the  area  of  the  gas  ])assage. 
amount  of  heat  so  transferred  is  stated  by  the  for- 
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in  -nhich  H  is  the  heat  transferred  to  one  square  fool  of 
heating  surface  by  a  pound  of  gas  and  {T  —  i)  is  the 
temperature  difference  of  the  gases  and  the  heating  sur- 
face, k  being  a  constant. 

The  further  transfer  of  this  heat  by  conduction 
through  the  heating  surface  dejiends  directly  upon  the 
temperature  difference  of  the  two  sides  of  the  metal  and 
ujjon  the  composition  of  the  metal,  and  indirectly  upon 
its  thickness.  The  transfer  of  heat  from  the  inside  of 
the  heating  surface  to  the  water  is  dependent  upon  the 
rapidity  of  circulation,  the  character  of  the  surface  and 
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the   difference   in   temperature   of   the   surface    and    the 
water. 

The  transfer  of  heat  through  the  boiler  to  the  water 
is  dependent,  then,  upon  the  design  of  the  boiler,  and  the 
modern  boiler  is  of  such  design  that  only  a  comparatively 
small  difference  in  temperature  is  necessary  here  to 
take  care  of  the  heat  transferred,  even  when  the  boiler  is 
being  operated  at  several  times  its  rated  capacity. 


The  curve  marked  convection  in  Fig.  1  shows  the  in- 
crease in  heat  so  transferred  as  the  CO,  percentage  in- 
crease, and  this  is  due  to  increased  furnace  temperature. 
Fig.  3  shows  curves  of  volume  and  weight  of  the  gases 
plotted  against  COj  percentages.  It  will  be  remembered 
that  the  weight  of  the  gases  is  a  factor  in  the  convection 
of  heat;  this  accounts  for  the  shape  of  the  convection 
cur\'e. 

In  constructing  the  curves.  Figs.  2  and  3,  a  fuel  of 
pure  carbon  was  considered  as  completely  burned  to  CO^,, 
the  varying  percentages  of  CO,  being  due  to  different 
excesses  of  air  supplied.  The  temperature  plotted  is  the 
ideal  of  maximum  temperature  attainable.  A  pound  of 
carbon  requires  11.6  lb.  of  air  to  supply  the  oxygen  for 
burning  it,  and  the  products  of  combustion  weigh  12.6 
lb.,  as  shown  in  Fig.  3.  These  gases  absorb  the  heat  of 
combustion,  or  14,500  B.t.u.,  and  their  temperature  is 
increased  from  that  of  the  metered  air,  70  deg.  to  4800 
deg.  P.  However,  if  an  excess  of  air  is  admitted  and  the 
CO,  percentage  is  6  instead  of  20.8,  the  gases  of  combus- 
tion will  weigh  41  lb.  These  gases  now  absorb  14,500 
B.t.u.,  and  the  final  temperature  is  lower  because  of  the 
ijicreased  weight  of  gas  to  be  heated. 

It  is  clearly  seen,  then,  that  a  good   CO,   percentage 


Per  Cent  COj  in  Flu 

Fig.  4 

means  a  good  furnace  gas  temperature,  and  consequently 
a  more  rapid  transfer  of  heat  to  the  boiler  than  with 
lower  CO,  percentage.  This  means  better  boiler  effi- 
ciency. 

The  greatest  loss  of  heat,  and  consequently  efficiency, 
is  the  heat  carried  away  in  the  escaping  gases.  Fig.  4 
shows  a  curve  of  the  heat  carried  away  in  stack  gases 
at  550  deg.  F.  i^lotted  against  CO,  percentages.  The 
heat  is  expres.sed  in  B.t.u.  and  as  a  percentage  of  the 
heat  in  the  fuel.  The  factors  entering  into  this  loss  are 
stack  temperature  and  the  weight  of  gas  per  pound  of 
fuel.  Each  pound  of  gas  leaving  the  boiler  requires  0.24 
B.t.u.  to  raise  its  temperature  one  degree — i.e.,  its  speci- 
fic heat  is  0.24.  If  the  air  entering  the  furnace  has  a 
temperature  of  80  deg.,  and  the  gases  leaving  the  boiler 
have  550  deg.,  they  will  carry  out  113  B.t.u.  per  pound, 
this  being  the  quantity  of  heat  taken  up  from  the  coal  in 
raising  their  temperature  to  550  deg.  If  the  escaping 
gases  have  a  temperature  of  80  deg.  the  heat  of  the  coal 
carried  away  is  zero.  It  is.  however,  impossible  to  ob- 
tain a  stack  temperature  less  than  that  of  the  water  in 
the  boiler,  which  at  150  lb.  gage  pressure  is   366   deg. 
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Under  this  condition  there  is  a  necessary  loss  of  68.5 
B.t.ii.  per  pound  of  gas,  which  amounts  to  865  B.t.u.,  or 
6  per  cent,  of  the  heat  of  the  coal  with  the  minimum  of 
gas  and  30.8  per  cent.  COo.  However,  the  cost  of  the 
additional  heating  surface  to  attain  this  low  figure  is  pro- 
hibitive and  the  loss  must  be  kept  to  a  minimum  bj'  re- 
ducing the  products  of  combustion — i.e.,  increasing  the 
COo.  With  a  stack  temperature  of  550  deg..  Fig.  4, 
shows  a  minimum  loss  of  10  per  cent,  with  20.8  per 
cent.  CO,.  With  10  per  cent.  CO2  in  the  stack  gases, 
25  lb.  of  gas  per  pound  of  fuel,  the  loss  is  19.5  per  cent.. 
while  with  6  per  cent.  CO,  in  the  stack  gases,  41  lb.  of 
gas  per  pound  of  fuel;  the  loss  is  32  per  cent,  or  an 
increase  of  64  per  cent,  caused  by  increasing  the  weight 
of  the  gases  64  per  cent. 

These  considerations  of  the  laws  of  heat  transfer  and 


combustion  show  that  good  CO,  in  the  ilue  gases  is  an 
indication  of  proper  overall  efficiency,  other  things  being 
equal,  for  with  good  CO,  in  the  flue  gases  tliere  will  be 
good  CO,  in  the  furnace.  Consequently,  a  good  furnace 
temperature  conducive  to  the  efficient  transfer  of  heat 
from  the  gases  to  the  water  in  the  boiler  will  result  in  a 
low  stack  temperature,  and,  further,  there  will  be  a  small 
excess  of  air,  meaning  a  less  weight  of  gas  out  of  the 
stack,  which  with  the  low  stack  temperature  means  a 
small  loss. 

High  CO,  percentages  may  be  accompanied  by  con- 
siderable CO  and  the  consequent  loss,  but,  this  condi- 
tion is  one  of  imperfect  combustion,  the  result  of  faulty 
firing  methods  or  improper  furnace  design  for  the  re- 
quirements and  does  not  argue  against  the  value  of  CO, 
as  an  indicator  of  eiBciency. 


imilOlujieinice   ©f  tllhie   IMiniMloini  Arclhi 


By  Joseimi  Harrixgtox 


SYNOPSIS — A  disciission  of  the  importance  of  early 
and  rapid  ignition  in  chain-fjrate  stokers  and  the  effects 
of  a  suitabli/  designed  ignition  arch. 

The  influence  of  the  ignition  on  the  results  of  burning 
(oal  on  a  chain  grate  has  not  yet  been  fully  appreciated 
even  by  those-  di-rectly  concerned  with  such  matters. 

In  the  issue  of  Power  for  Dec.  10,  1912,  the  writer 
set  forth  the  principles  governing  the  design  of  the  igni- 
tion arch  in  its  relation  to  the  furnace  in  general,  but 
more  particularly  to  the  fuel  bed.  Briefly,  this  showed 
iiow  the  ignition  arch  reflects  heat  from  the  rear  or 
highly  heated  portion  of  both  fuel  bed  and  furnace  brick- 
work to  the  front  where  the  fresh  coal  enters. 

An  arch  of  this  design  is  substantially  a  heat  mirror. 
The  correctne-ss  of  the  theory  on  which  it  is  based  has 
lieen  so  repeatedly  demonstrated  that  this  theory  must 
now  be  accepted  as  definitely  proved. 

In  the  chain-grate  type  of  automatic  stoker  the  various 
steps  in  the  progressive  combustion  of  coal  are  perhaps 
more  orderly  and  undisturbed  than  in  any  other,  and  the 
results  of  a  proper  completion  of  each  of  the  various 
stages  of  combustion  can  be  more  readily  and  clearly  fol- 
lowed. As  in  most  mechanical  processes  as  well  as  in 
the  personal  efforts  of  the  individual,  the  old  .«aying, 
"Well  begun  is  half  done,"  a])plies  with  ])articular  force 
to  the  series  of  events  occurring  in  the  furnace.  It  must 
be  clearly  borne  in  mind  that  the  complete  combustion 
of  coal  involves  an  orderly  scries  of  events,  which  can 
be  briefly  outlined  as  follows: 

The  fresh  fuel,  containing  some  moisture,  enters  the 
furnace  where  it  is  subjected  to  the  influence  of  the  fur- 
nace temperature.  The  moisture  is  first  driven  off,  which 
in  any  given  particle  of  coal  probably  takes  but  a  very 
.short  time.  This  is  accomplished  by  the  time  the  tem- 
perature of  the  particle  of  coal  uiuler  consideration 
reaches  the  temperature  of  212  deg.  F.,  and  a.s  the  tem- 
perature continues  to  increase,  the  volatile  constituents 
begin  to  come  off.  If  the  temperature  at  the  point  of 
ignition  is  sufficient,  these  burn  in  the  space  above,  and 
appro.xiniately  as  fast  as  they  are  distilled.  The  burning 
of  this  portion  of  the  fuel  forms  one  source  of  the  heat 


lequired  for  the  ignition  of  the  succeeding  charge  or  unit 
of  fresh  coal. 

The  volatile  contents  are  not  all  driven  off  at  the  same 
temperature,  so  this  portion  of  the  process  continues 
during  an  appreciable  time  or  until  the  fuel  has  traveled 
some  distance  in  the  furnace. 

Temperature  readings  taken  at  the  point  of  ignition 
indicate  that  about  1100  deg.  must  be  obtained  before 
the  volatile  will  properly  ignite  and  1300  deg.  must  be 
liad  if  the  ignition  is  to  be  prompt  and  bright. 

About  the  time  that  the  volatile  is  all  gone  the  par- 
ticle of  coal  has  reached  a  quite  high  temperature  and 
the  fixed  carbon  begins  to  burn.  That  it  requires  con- 
siderable time  to  complete  the  combustion  of  the  fixed 
carbon  probably  makes  this  step  about  the  most  noticeable 
and  easily  distinguished  event  in  the  entire  combustion 
process.  A  higher  temperature  is  required  than  for  the 
volatile  and  on  account  of  the  solid  nature  of  the  fuel 
(which  permits  of  its  burning  only  on  the  surface),  the 
l)roper  completion  of  the  combustion  of  the  fixed  carbon 
becomes  one  of  great  importance  and  some  difficulty. 

It  is  obvious  that  this  particular  stage  must  be  begun 
as  early  as  possible,  in  order  that  the  end  may  be  within 
ihe  time  limit  of  the  chain-grate  travel.  A  prolific  source 
of  inefficiency  is  the  dumping  of  unburned  fuel  into  the 
pit,  and  analysis  shows  that  this  is  almost  entirely  fixed 
carbon. 

Early  and  rapid  ignition,  therefore,  becomes,  as  a  con- 
sequence, vitally  necessary  to  the  proper  com]iletion  of 
the  entire  process.  I  would  divide  the  advantages  to  be 
gained  into  two  main  divisions: 

1.  The  complete  burning  of  the  volatile  contents  at 
or  near  the  front  of  the  furiuice  results  in  smokeless  com- 
bustion. 

2.  The  early  completion  of  the  fixed  carbon  combus- 
tion reduces  or  eliminates  the  loss  of  fuel  to  the  a-^hiiit. 

Smokeless  combustion  is  unquestionably  one  of  the 
most  important  and  active  subjects  of  discussion  by  engi- 
neers that  at  present  occupies  both  the  technical  and  non- 
technical world.  Many  strange  devices  for  "burning  the 
smoke"  have  been  devised  and  unusual  and  expensive 
furnace  designs  have  been  I)uilt  to  accomiilish  the  same 
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purpose.  As  often  happens  in  such  cases,  the  principal 
cause  of  smoke-laden  gases  has  been  overlooked.  Snioke- 
lessness  consists  not  so  much  in  burning  or  eliminating 
smoke  as  it  does  in  securing  combustion  that  does  not 
result  in  the  production  of  smoke  at  all.  When  it  is  re- 
membered that  the  gases  arising  from  the  fuel  bed  are 
in  the  furnace  but  a  few  seconds,  it  will  be  appreciated 
that  every  foot  of  flame  travel  must  be  made  as  effective 
as  possible.  Any  delay  in  starting  the  combustion  process 
seriously  affects  the  ability  to  complete  it  before  the 
gases  leave  the  furnace. 

The  proper  place  to  begin  the  work  is  at  the  instani 
when  the  gases  leave  the  fuel  in  which  they  are  bound  up, 
and  the  brightest  and  most  intense  ignition  is  none  too 
bright  or  too  intense  for  this  purpose. 

Any  ignition  arch,  therefore,  that  accomplishes  this 
result  becomes  one  of  the  most  potent  factors  in  the 
elimination  of  smoke.  The  reflecting  arch,  as  has  been 
referred  to,  actually  accomplishes  Just  these  results. 

Any  combustible  matter  which  may  pass  into  the  ash- 
pit is  a  direct  and  visible  loss,  and  no  arguments  are 
needed  to  make  this  matter  clear.  As  previously  stated, 
however,  the  fixed  carbon  content  of  coal  burns  out  more 
slowly  than  the  volatile,  and  in  the  usual  chain-grate 
setting  a  portion  of  it  will  pass  into  the  pit  unless  its 
combustion  is  properly  started  and  actively  assisted. 

This  necessary  assistance  may  be  given  by  sustaining 
the  temperature  at  the  back  of  the  furnace,  so  that  the 
last  portions  of  coke  heavily  mixed  with  ash  may  entirely 


burn  out.  There  is  no  question  but  that  the  built-up 
bridge-wall  is  of  great  assistance  under  these  circum- 
stances. Indeed,  some  designers  have  gone  so  far  as  to 
build  forward  at  this  point,  making  a  definite  overhang. 

From  the  standpoint  of  ignition,  it  is  sufficient  to  ob- 
tain an  expanse  of  incandescent  brickwork  at  the  rear 
of  the  furnace.  The  radiated  heat  from  this  wall  is  of 
definite  value  for  ignition  purposes  and  can  best  be 
utilized  by  the'  deflection  arch.  The  design  of  this  arch 
must  be  made  with  this  in  mind,  that  the  face  of  the 
hi-idge-wall  is,  for  ignition  purposes,  a  source  of  heat 
similar  to  the  fuel  bed  itself.  The  inclination  of  the 
arch  must  be  determined  with  a  view  to  catching  this 
radiation. 

Inasmuch  as  the  termination  of  all  of  the  events  of  the 
furnaces  is  directly  dependent  upon  the  beginning,  any 
factor  which  contributes  beneficially  to  the  quality  of 
I  hat  beginning  becomes  of  prime  importance.  Furnace 
design  has,  heretofore,  been  seriously  neglected  with  re- 
spect to  ignition  conditions  and,  apparently,  we  have  been 
content  with  getting  along  as  best  we  could  with  the 
ignitiou  effect  taking  place  several  inches  from  the  point 
of  entrance.  Or,  if  the  ignition  did  reach  the  gate,  we 
were  content  so  long  as  any  fire  showed  itself  at  all.  Only 
under  conditions  producing  a  bright  white  flame  just  at 
the  gate,  should  things  be  considered  as  in  satisfactory 
shape.  These  conditions  yield  a  wonderful  stimulus  to 
economical  combustion  and  it  is  unlikely  that  intensity 
of  ignition  can  ever  be  overdone. 


o^orSp  Tlhieir  Frnimcijplles  aimdl  Us(©S' 


By  Gordox  Fox 


SYNOPSIS — This  indaUment  of  the  series  takes  up  the 
relations  heticeen  magnetic  and  electric  circuits  as  bearing 
npon  the  fundamental  operation  of  the  electric  motor. 

The  operation  of  all  electric  motors  is  based  fundamen- 
tally upon  the  relations  existing  between  magnetic  and 
ilectric  circuits.     Magnetism  can  be  considered  as  lines 


Fig.  1.     Showing  Mag- 
netic   Lines    be- 
tween Poles  of 

ilAGNET 


Fig.  2.     Magnetic 
Lines  Sukround- 
iNG  Conduc- 
tors 


of  force  which  follow  a  closed  path  through  iron  from 
south  pole  to  north  pole  and  through  air  from  the  north 
pole  to  the  south  pole.     Magnetic  materials  possess  low 


resistance  to  the  passage  of  magnetic  lines  of  force  where- 
as non-magnetic  materials  possess  high  resistance.  There 
is  no  total  insulator  of  magnetism.  The  lines  concen- 
trate in  a  magnetic  material,  such  as  iron  and  spread  in 
air.  Fig.  1  shows  how  magnetic  lines  are  distributed  in 
the  space  lietween  the  poles  of  a  magnet. 

It  was  discovered  by  Faraday  that  a  conductor  through 
which  an  electric  current  is  flowing  is 
surrounded  by  a  closed  circuit  of 
magnetic  lines  of  force  as  shown  in 
Fig.  2.  It  is  evident  that  if  a  wire, 
carrying  an  electric  current  be  placed 
in  a  magnetic  field  between  two  mag- 
net poles  the  composite  field  resulting 
will  be  as  shown  in  Fig.  3,  the  direc- 
tion of  the  lines  around  the  conductor 
depending  on  the  direction  of  the  cur- 
rent within  it.  The  component  lines 
of  force  are  cumulative  on  one  side  of 
the  wire  and  opposing  on  the  other. 
Magnetic  lines  tend  to  seek  the  short- 
est path,  hence  those  to  the  left  of 
the  wire  tend  to  straighten  out,  act- 
ing similarly  to  elastic  rubber  bands 
and  in  doing  so  exert  a  sidewise 
force  on  the  wire  as  indicated. 
All  electric  motors  are  fundamentally  dependent  upon 
this  principle  for  their  action.  They  consist  of  electro- 
magnetic fields  niccbanically  arranged,  usually  upon  an 
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outer  stationary  part,  acting  upon  conductors  carrying 
current  and  placed  upon  the  circumference  of  a  drum 
^^•hich  is  free  to  rotate.  The  forces  acting  uiDon  the  con- 
ductors as  above  explained  set  the  drum  into  rotation. 
There  is  a  slight  clearance  or  air  gap  between  the  sta- 
tionary and  rotating  parts.  Tlie  magnetism  passes  from  a 
nortli  pole  of  the  field  across  this  air  gap.  tlirough  the  iron 
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drum  and  across  the  gap  again  into  a  soutli  pole,  tlience 
through  the  iron  frame  to  the  north  pole  again.  The 
magnetism  is  maintained  in  the  fields  through  the  action 
of  electromagnetic  coils  as  explained  later.  Fig.  4  illus- 
trates tlie  principle  of  a  sim])le  motor. 

The  value  of  the  force  exerted  u|)on  a  conductor  carry- 
ing current  in  a  magnetic  field  is  j)ro])ortional  to  two 
items ;  the  strength  of  the  magnetic  field  and  the  amount 
of  current  in  the  conductor.  This  leads  to  the  basic  law 
in  all  electric  motors  that  mechanical  force  or  torque  is 
proportional  to  magnetic  flux  times  the  electric  current. 

It  can  be  further  shown  that  if  a  conductor  forming 
part  of  a  closed  electric  circuit  be  moved  across  a  mag- 
netic field  the  lines  of  force,  acting  again  like  rubber 
bands,  stretch  and  assume  a  distorted  condition  similar 
to  Fig.  3.  This  distorted  condition  as  was  previously 
shown  can  be  considered  as  the  resultant  of  two  distinct 
magnetic  fields.  One  of  these  fields  is  a  closed  circuit 
about  the  wire  and  can  only  be  formed  in  the  presence 
of  an  electric  current  in  the  wire.  It  f'ollows  that  there 
is  actually  set  u]i  in  the  wire  an  electric  current  due  to 
the  presence  of  the  magnetic  field  about  it.  This  may  be 
made  more  clear  if  it  is  considered  that  Ihe  wire  is  moved 
across  the  field  to  the  point  where  flie  elastic  lines  of 
force  break  near  the  i)oles  and  wrap  ibeniselvet;  about 
the  wire.  The  wire  is  then  surrounded  by  magnetic  lines 
of  force  which  is  the  conditi(tn  of  a  wire  through  which  a 
'iirrent  is  passing.  The  current  is  in  fact  found  to  pass 
through  the  wire  to  satisfy  the  condition.  The  funda- 
mental principle  of  the  eleciric  generator  follows:  When 
a  conductor  forming  part  of  a  closed  circuit  is  passed 
across  a  magnetic  field  an  electric  current  is  set  up  in 
the  conducfor. 

Tt  is  further  found  that  when  a  wire  is  jilaced  in  a 
magnetic  field  of  varying  strength,  that  is,  a  field  in 
which    the   intensity   or   direction    of   the   magnetism    is 


made  to  change,  an  electric  current  is  set  up  in  the  wire, 
which  tends  to  oppos?  this  change.  The  greater  the  rate 
of  charge,  the  greater  the  current  produced  in  the  wire. 
Upon  this  principle  the  electric  transformer  is  based. 
Summing  up  the  fundamental  principles;  then 

1.  A  conductor  carrying  an  electric  current  in  a  mag- 
netic field  is  subjected  to  a  mechanical  force  at  right  an- 
gles to  the  wire  and  the  field  and  proportional  to  the 
strength  of  the  field  and  the  value  of  the  current. 

2.  A  conductor  of  a  closed  circuit,  moved  across  a 
magnetic  field  so  as  to  cut  the  lines  of  force  has  set  up 
in  it  an  electric  current  the  value  of  which  is  proportional 
to  the  strength  of  the  magnetic  field  and  the  rate  of  cut- 
ting the  magnetic  lines. 

8.  A  closed  conductor  placed  in  a  magnetic  field  of 
varying  strength  has  induced  in  it  an  electric  current  the 
value  of  which  is  proportional  to  the  rate  of  change  of 
the  magnetism. 

Keturning  to  the  i)rinciple  that  there  is  i^et  up  a  mag- 
netic field  round  a  current-carrying  conductor,  the  prin- 
ciple of  the  electromagnet  is  at  once  evident.  A  number 
of  turns  of  wire  are  placed  about  an  iron  core  which  will 
not  retain  permanent  magnetism  to  any  considerable  ex- 
tent. When  a  current  is  passed  through  the  wire  the 
magnetic  fields  of  the  individual  turns  act  collectively  to 
cause  the  major  portion  of  the  lines  of  force  to  pass 
through  the  central  iron  core  and  through  whatever  mag- 
netic circuit  may  ofl'er  the  least  resistance  to  the  passage 
of  the  magnetic  lines.  Fig.  iS  illustrates  how  the  mag- 
netic effects  of  the  individxial  turns  combine  to  form  a 
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strong  resultant  magnetism  in  the  core.  By  changing 
the  value  of  tlie  electric  current  the  strength  of  the  mag- 
netism is  controlled.  It  is  found  that  up  to  a  certain 
)i()int  the  strength  of  the  magnetism,  measured  by  the 
number  of  lines  of  force  in  a  given  area,  varies  almost 
directly  with  the  strength  of  the  magnetizing  current. 
Above  this  point  a  greater  increase  of  current  is  required 
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Ui  cause  au  equal  increase  in  maKiietic  density.  This 
point  is  called  the  point  of  saturation  and  when  the  iron 
is  magnetized  above  this  point  it  is  said  to  be  saturated. 
Fio-.  6  illustrates  the  saturation  curves  of  iron,  steel  and 
air. 

It  is  evident  that  when  a  i-onductor  is  moved  past  a 
north  pole  of  a  magnet  it  will  have  generated  in  it  cur- 
rent in  one  direction  and  when  moved  past  a  south  pole 
the  current  will  be  set  up  in  the  opposite  direction,  since 
the  magnetic  lines  are  reversed.  Any  electric  generator 
<-onsists  of  a  mechanical  arrangement  by  means  of  which 
electric  conductors  are  made  to  move  past  alternately 
north  and  south  poles.  As  the  electric  pressure  or  voltage 
generated  in  a  single  conductor  is  small,  coils  are  made 
up  of  many  conductors  with  their  ends  connected  to  form 
a  continuous  circuit.  The  connections  are  .so  arranged 
that  the  voltages  in  the  wires  under  north  and  south 
poles  all  act  cumulatively.  Referring  to  coil  .4.  Fig.  7, 
in  the  conductors  uiuler  the  north  poles  the  current  will 
flow  down  through  the  plane  of  the  paper,  away  from 
the  reader,  and  in  those  under  the  south  poles,  it  will  flow 
toward  the  reader.  When  the  conductors  have  moved 
through  one  pole  space  (in  this  case  180  deg.)  this  direc- 
tion will  be  reversed.  Since  the  conductors  are  in  series 
the  currents  in  coil  .4  will  all  be  in  the  same  direction. 

In  an  alternating  current  generator  the  ends  of  these 
circuits  form  the  terminals  of  the  machine  and  the  cur- 
rent which  pa.sses  through  the  wires  first  in  one  direc- 
tion and  then  in  the  other  direction  is  called  an  alter- 
nating current. 

At  the  instant  the  conductors  pass  the  center  of  the 
poles  the  rate  of  cutting  magnetic  lines  is  greatest  and 
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the  instantaneous  voltage  generated  is  a  maximum.  When 
they  pass  a  point  midway  between  the  poles  the  voltage 
is  zero.  Fig.  7  illustrates  how  the  magnetism  is  distri- 
buted under  the  poles  of  a  generator  and  how  the  instan- 
taneous voltages  change.  The  voltage  may  be  consid- 
ored  as  starting  at  zero,  reaching  a  maximum  in  a  given 
direction,  falling  again  to  zero,  reaching  a  maximum  in 
the  opposite  direction  and  falling  again  to  zero.  This 
series  of  changes  occuring  when  a  conductor  passes  two 
poles  or  360  magnetic  degrees  is  called  a  cycle.  The 
frequency  is  the  number  of  cycles  per  second,  25,  60  and 
13.3  being  the  common  commercial  frequencies. 


Consider  that  when  the  Hrst  set  of  conductor*  is  mid- 
way between  poles,  a  second  set  of  conductors  is  directly 
under  the  poles.  At  the  instant  the  voltage  in  coil  A  in 
zero  the  voltage  in  conductors  BB  is  a  maximum.  Such 
an  arrangement  occurs  in  a  two-phase  generator  and  the 
voltages  are  said  to  be  displaced  90  degrees  or  '"quarter 
pha.se."  Similarly  three  sets  of  conductors  equally  spaced 
have  generated  in  them  voltages  120  electrical  degrees 
apart;  a  generator  with  its  coils  so  arranged  being  called 
a  three-phase  machine. 

II  is  possible  to  bring  the  ends  of  the  conductors  on 
the  rotating  element  of  a  generator  or  motor  to  a  current 

(£)/1>vg/  from  the  reader       Q  Toward  the  reader 
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Note   The  relations  befiveen  the  upper  and  lower  diagrams 
are  correct  only  for  one  position  as  shown.To  comprehend 
other  positions  the  poles  may  be  considered  as  moving 
opposite  to  the  direction  of  rotation  as  shown 
'^'^  Power. 

Fk;.  T.   Ki.ectrk'al  Relations  in  Two-Phase  Winding 

collecting  device  called  a  commutator  which  is  made  up 
of  a  nunilier  of  copper  segments  separated  by  mica  strips. 
If  the  brushes  are  placed  at  proper  intervals,  rubbing 
against  this  commutator,  the  current  which  is  collected 
and  passes  through  the  external  circuit  connected  to  the 
brushes,  is  unidirectional  and  does  not  fluctuate  in  value 
as  does  an  alternating  current.  This  will  be  evident  if  it 
is  noted  that,  the  poles  and  brushes  being  fixed,  their 
relative  position  is  constant.  The  coils  which  deliver 
current  to  the  brushes  at  any  instant  are  therefore  always 
in  the  same  relative  location  with  respect  to  the  poles. 
It  follows  that  the  direction  of  the  voltage  in  the  coils 
connected  through  the  commutator  to  the  brushes  is  al- 
ways the  same.  Stated  in  another  way :  The  voltage  gen- 
erated within  the  conductors  is  actually  alternating  in 
value  but  the  conductors  deliver  current  to  one  set  of 
brushes  when  passing  under  north  poles  and  to  the  other 
set  when  passing  under  south  poles.  It  will  be  seen  then 
that  these  brushes,  which  lead  to  the  terminals  of  the 
machine,  are  always  of  the  same  relative  polarity  hence 
in  an  external  circuit  between  them  the  current  will  al- 
ways flow  in  the  same  direction.  This  class  of  electric 
current  is  called  direct  current  and  a  generator  arranged 
to  deliver  it  is  called  a  direct-current  generator. 
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■"Well  bought  is  half  sold,"  is  an  old  aud  true  sayiug. 
Well  bought  lueaus  getting  the  thiug  which  ■vrill  produce 
the  i)est  results  with  the  least  mouey.  A  few  years  ago 
buying  meant  jockeying,  bargaining,  beating  around  the 
bush,  with  the  idea  that  the  buyer  was  entitled  to  no 
mercy  if  the  seller  coidd  "put  anything  over  on  him."' 
Today  that  is  all  very  different.  There  are  sporadic  cases 
of  downright  dishonesty  in  selling,  but  they  are  so  few, 
aud  it  is  so  possible  usually  to  correct  them  between  the 
time  of  delivery  of  the  goods  and  the  paying  of  the  bill 
that  they  may  almost  be  considered  a  thing  of  the  past. 
There  does,  however,  remain  a  large  opportunity  for 
judgment  on  the  part  of  the  buyer  and  for  good  advice 
on  the  part  of  the  salesman. 

E\erj'  really  good  house  is  trying  to  send  out  men  to 
sell  its  product  that  are  really  engineers,  and  wiio  rea- 
lize that  their  own  personal  interest  as  well  as  that  of  the 
firm  lies  in  selling  the  thing  which  will  best  serve  the 
punhaser.  Xot  every  firm  has  yet  succeeded  in  getting 
all  of  this  type  of  salesman  that  it  needs,  however.  Until 
such  a  time,  and  for  a  long  time  after,  the  huyer  will  l:a"o 
to  experiment  to  some  extent,  on  his  own  account  and 
discover  for  himself  the  peculiarities  of  his  plant  which 
demand  treatment  different  from  that  of  some  neighbor- 
iug  one.  Because  a  .jOO-hp.  plant  on  one  side  of  the 
street  finds  that  Sam  Jones'  Triple  JBX  packing,  or  oil, 
or  gage  glasses  give  the  best  results  under  the  care  of 
Mike  Jacobson  is  no  sign  that  you  cannot  find  a  better 
packing  to  use,  or  a  better  coal  to  burn,  or  a  longer  lived 
gage  glass,  for  your  plant  even  though  you  liaxo  the  same 
horsepower  of  i)oilers  as  the  other. 

A  general  jturchasing  agent  is  more  than  a])t  to  be  in- 
fiuenced  by  tiie  fait,  or  the  alleged  fact  that  some  large 
plant  uses  these  l)rands,  than  he  is  by  your  unsupjwrted 
statement  that  you   have  found   something   else   better. 
The  salesman  comes  in  with  a  clean  collar  and  nice  look- 
ing shoes  and  you  co)ne  in  minus  a  collar  and  with  shoes 
that  you  can  work  in.     Your  rig  ought  to  appeal  to  the 
purchasing  agent  more  than  that  of  the  salesman  but 
it  does  not,  ami  you  cannot  get  to  the  manager  to  tell 
him  about  it,  which  is  worse  luck  l)ecause  the  cliances 
are  he  would  understand  you  better  than  the  agent  does. 
About  the  only  recourse  that  is  left  you  is  in  the  way 
f  records.     If  you  can  show  that  the  X  Y  Z  brand  of 
cylinder  oil  carries  you  over  20  per  cent,  longer  time  than 
the  A  B  C  brand  and  you  can  show  some  nice  looking 
ylinders  he  will  ])robably  never  ask  to  take  a  look  at 
hem.     If  you  can  check  up  your  pounds  of  coal  against 
(ilowatt-hours,  you  have  a  ])retty  far  reaching  argument. 
)f  course,  you  may  have  to  first  get  a  watt  meter,  which 
s  not  always  easy,  but  if  you  cannot  got  that  your  water 
ru'ter  ought  io  be  .somewhat  better  than  no  guiile  at  all, 
ven  if  all  the  other  water  for  the  plant  comes  through  it. 
fou  can  get  records  that  may  make  the  Iwss  anxious  to 


gi\'e  you  the  proper  instruments  to  really  keep  track  of 
what  you  are  doing. 

You  hiij  coal  for  the  sake  of  what  it  will  do  under 
your  boilers,  not  someone  elses.  There  are  two  factors 
in  what  it  will  do,  one  is  the  coal  and  the  other  is  you, 
or  what  you  can  get  your  fireman  to  do.  The  combined 
result  is  what  the  owner  cares  about.  You  cannot  get 
credit  for  your  part  unle.ss  the  coal  does  its  part.  So  far 
there  apjjear  to  be  no  scientific  tests  for  coal  that  measure 
tip  to  actual  use.  They  give  indications  Ijut  that  is 
about  all.  The  test  should  be  one  that  will  take  into 
account  the  temperament,  or  t;ie  more  or  less  jjiire  cussed- 
ness  of  the  stoker.  The  mechanical  stoker  may  eliminate 
psychology  from  the  matter,  but  even  then  after  manu- 
facturers are  throtigh  luigging  themselves  in  glee  over 
finding  a  stoker  that  will  keep  steam  up  with  bad  coal. 
they  may  find  that  there  is  still  more  profit  in  using  good 
coal. 

•^: 
Doairag'  th^e  Mardl  J0I3 

Certain  jobs  c-(ime  to  be  regarded  as  hoodoos.  They 
get  talked  over  in  meetings  of  engineers  and  no  one  wants 
to  take  them. 

Sometimes  they  are  the  best  jobs  for  a  yoimg  man  to 
get.  Wlien  everything  has  run  smoothly  ever  since  a 
plant  was  first  fired  up  there  is  no  particular  credit  to 
either  a  new  engineer  or  the  old  one  for  its  performance. 
That  is,  there  should  be  credit  given  but  there  is  not. 
The  man  who  makes  his  mark  and  impresses  the  world  is 
not  the  one  that  comes  along  in  time  and  stamps  out  a 
live  cigar  butt  before  the  building  catches  fire  but  the 
one  who  comes  at  the  last  moment  and  "saves"  the  last 
man  just  as  he  was  going  to  walk  out  unaided.  This  is 
all  wrong.  We  worship  the  spectacular  and  we  forget  the 
man  who  really  serves  in  a  .sensible  way,  but  that  is  the 
way  of  the  world  and  we  will  not  have  time  to  change  it 
before  we  drop  out  of  the  running.  So  why  not  make 
something  of  it  ?  If  the  world  wants  to  be  fooled  why  not 
fool  it,  especially  when  wo  can  do  it  a  good  turn  at  the 
same  time? 

If  a  man  can  go  into  an  engine  room  and  straighten 
things  out  and  ]uit  the  ])lant  where  it  will  run  every 
hour  that  the  schedule  calls  for  and  do  it  where  no  one 
else  succeeded,  he  is  just  the  nuin  that  someone  else  is 
looking  for.  He  proi)ably  has  to  do  it  with  equipment 
that  ought  to  be  on  the  scrap  heap,  but  if  it  is  a  ste])ping 
stone  to  something  better  why  not  do  it?  A  man  is  bet- 
ter off  with  one  earned  failure  back  of  him  than  he  is 
with  a  dozen  successful  jdants  that  "any  fool"  can  run 
because  many  foids  have.  The  thing  that  is  worth  while 
is  to  do  something  that  not  everyone  can  do.  It  is  not 
always  easy,  it  may  be  hard  work  and  it  may  be  hard 
thinking  that  brings  success,  but  that  is  what  our  hands 
and  our  brains  were  given  us  for. 

"lie  also  serves  who  sits  and  waits"  is  a  fine  motto  for 
an  imi)atient  man  to  hang  over  his  desk  but  it  has  been 
the  undoing  of  7nore  than  one  engineer.     Too  often  his 
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job  is  a  sitting  and  waiting  job  to  such  an  extent  that 
he  feels  that  he  can  sit  and  wait  until  something  hajv 
pens  that  makes  liini  stir,  and  no  man  can  afford  to  do 
that  no  matter  what  his  position.  If  a  man  cannot  get 
a  job  that  is  big  enough  to  keep  Mm  fully  occupied  he  is 
to  be  pitied.  The  little  jobs  are  for  the  little  men,  the 
old  worn-out  men  who  must  have  an  easy  letting  down. 
The  job  for  the  young  fellow  is  something  that  will 
keep  Mm  on  Ms  metal  and  that  will  not  allow  him  to  be- 
come an  old  man  before  his  time,  it  is  a  job  that  some- 
one else  cannot  do  that  he  needs,  and  that  he  needs  to 
conquer. 


'■'Shall  I  look  for  advancement  in  nn'  present  position 
or  shall  I  endeavor  to  get  ahead  somewhere  else  ?"  Many 
of  us  are  asking  ourselves  this  same  question. 

That  there  is  a  decided  preference  among  most  em- 
ployers to  promote  their  own  employees,  gives  the  cue  to 
the  seeker  after  success.  He  will  be  more  apt  to  find  pro- 
motion, responsibility,  and  a  competence  for  old  age  with 
present  employers  than  with  others  who  know  nothing 
of  Mm. 

It  sometimes  happens,  however,  that  a  man  finds  he 
has  traveled  as  far  as  possible  in  Ms  present  position  and 
has  come  up  against  a  wall  and  that  further  advancement 
is  prevented  by  favoritism,  prejudice,  the  small  size  of 
the  business  or  some  other  cause.  What  is  he  then  to  do  ? 
■Where  can  he  turn  for  success,  the  success  which  his 
present  environment  forbids? 

Our  answer  to  such  would  be:  Look  for  your  future 
in  the  employ  of  some  young,  and  growing  concern,  in 
a  line  of  work  in  which  your  experience  has  made  you 
valuable.  In  any  case  one  will  find  it  advisable  to  begin 
low,  and  secure  the  confidence  of  his  employer.  One  must 
demonstrate  his  fitness  for  a  superior  position  before  he 
can  be  appointed  to  it.  If  he  works  hard  and  intelligent- 
ly, and  makes  Ms  employers'  interests  Ms  own  in  what- 
ever capacity  he  may  be,  then,  if  there  are  any  real  op- 
portunities above  him,  promotion  will  take  care  of  it- 
self. 


In  many  generating  plants  the  operating  force  never 
gets  beyond  the  simple  load  eiirve  plotted  with  kilo- 
watts output  as  ordinates  and  hours  of  the  day  as  ab- 
scissae, so  far  as  this  method  of  station-performance  analy- 
sis is  concerned.  It  is  desirable  to  plot  other  relations  of 
the  load  to  the  operating  period,  and  among  these  are  the 
total  daily  output  in  kilowatt-hours  contrasted  with  the 
days  of  the  month;  a  curve  showing  the  successive  daily 
peaks  and  minimum  loads  for  a  month;  a  ciirve  of  aver- 
age daily  loads  carried  through  a  month,  and  a  curve 
showing  the  number  of  hours  each  month  that  a  given 
maximum  load  persists.  Then  there  are  a  number  of  in- 
structive comparisons  which  can  be  made  with  little 
trouble  on  a  yearly  basis,  plotting  the  values  against  the 
months  and  comparing  this  year's  performance  with  last 
year's.  Progressive  developments  of  montMy  maximum 
loads  plotted  against  time  are  interesting,  and  if  one 
wants  to  include  the  cajjacity  of  generators  in  service  at 


particular  periods,  it  does  not  take  long  to  get  into  the    ^ 
realm  of  really  scientific  plant  operation. 

Variations  between  difterent  factors  in  plant  service  i 
are  ^ell  Morth  reducing  to  graphic  form  when  a  man  has  i 
time  to  devote  to  this  sort  cf  analysis,  and  the  far-  j 
sighted  engineer  is  apt  to  find  time  for  work  of  this  kind,  • 
if  he  sees  its  value.  Keeping  such  data  up  to  the  times  ' 
in  loose-leaf  form  or  in  blucj)rints  wliich  can  be  turned  , 
over  to  the  "boss"  upon  receipt  of  some  sharp-angled  . 
inquiry  is  a  practice  which  bears  cultivation.  The  value  i 
of  the  ordinary  load  curve  is  beyond  question  and  needs  , 
no  argument,  and  the  development  of  special  curves  fit-  • 
ting  each  plant  along  the  lines  above  hinted  is  a  fascinat- 
ing and  profitable  study. 

Good  engineers  hold  that  energy  should  be  conserved — 

not  wasted.     For  centuries  they  ha\e  labored  to  get  the  i 

maximum  work  otit  of  a  pound  of  coal,  and  the  maximum  i 

effect  from  a  pound  of  explosive.     Through  efficiency  ap-  • 
plied  to  engineering  billions  of  dollars  have  doubtless  been 

saved.  I 

Through   the   steam   engine   and   the   development   of  i 

other  power  apparatus  science  has  advanced  by  leaps  and  i 

bounds.     During  the  last  century,  because  of  the  avail-  I 

ability  of  cheap  power  there  has  been  more  up-building  : 

than  in  the  ten  preceding  centitries.    We,  therefore,  have  i 

good  reason  to  take  pride  in  our  power  achievements.  : 

However,  it  is  lamentable  that  man  should  make  use  i 

of  power  in  a  destructive  way.     Our  European  brothers  i 

have  struggled  hard,  as  hard  as  we,  in  their  fight  to  con-  j 

serve  energy  and  natural  resources.     Now  much  of  their  <. 

work  is  being  ruthlessly  razed  to  the  grovmd,  and  the  | 

pity  of  it  all  is  that  power  is  the  chief  instrument  of  ; 

ruination.  I 

The  explosives  tised  in  bombs,  mines,  and  guns  would  I 

find  much  better  use  in  the  blasting  of  roadways,  foun-  i 

dations  and  tunnels.  i 

The  coal  that  propels  the  battleships  wotdd  be  of  much  j 

greater  benefit  in  propelling  commerce  boats.     The  need-:  j 
less  burning  of  coal  only  brings  us  so  mtich  nearer  to 

the  exhaustion  of  the  world's  coal  supply.  ,  i 

The  iron  and  steel  that  makes  tip  the  gttns  and  the  ar-  J 
mament  shotild  be  put  into  efficient  machinery — boilers,|J 
engines,  motors,  lathes,  etc. 

Finally  the  men,  who  are  now  killing  each  other,  should 
be  usefully  and  peacefully  employed  in  making  better 
use  of  nature's  gifts  for  tbcir  own  development  and  foi 
the  benefit  of  posterity. 

Don't  lose  sight  of  the  fact  that  our  foreword  tliif 
week  is  founded  on  fact.  Except  for  the  names  it  is  i 
true  story.  jMore  than  that,  it  pictures  a  situation  thai 
really  exists  and  needs  correction.  If  you  need  to,  tak« 
the  tip   and  brush  up   on  alternating-current  practice 

Any  of  our  subscribers  ^^•llo  receive  post  cards  from  w 
asking  for  information  regarding  boiler  accidents  wil 
confer  a  favor  if  they  will  fill  these  out  and  return  them  a; 
promptly  as  possible.  We  are  trying  hard  to  bring  oujj 
the  Boiler  Explosion  Table  for  the  first  half  of  this  yea 
but  are  meeting  with  a  great  deal  of  difficulty  in  getting 
the  required  information.  Any  help  from  our  readeT| 
will  be  greatly  appreciated. 
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My  attention  has  liuen  di rented  to  the  article  on  this 
iubject  by  W.  {'.  Lancaster  in  the  Jan.  6  issue  of  Powek. 
[  believe,  in  view  of  the  rapidity  with  which  compressed- 
lir  applications  are  increasing  and  the  correspondingly 
increased  attention  which  engineers  are  giving  to  air 
compressors  and  allied  niacliinery,  that  several  of  the 
statements  made  slioidd  not  remain  unchallenged. 

( 1 )  This  is  the  formula  used  for  the  tiow  of  air 
hrcugli  an  orifice, 

F 


G  =  0.5:5  /' 


V  T 


where 


0  =  Flow  of  air  in  pounds  per  second  ; 

F  =  Total  area  in  square  inches  of  all  orifices; 

T  =  Absolute   temperature  Fahrenheit  of   the  com- 
pressed air  in  the  orifice  chamber ; 

P  =  Absolute  pressure  in  pounds  per  square  inch  in 
orifice  chamber. 
iVhile  mathematically  correct,  it  makes  no  allowance  for 
friction  or  for  the  effects  of  and  distui-bauces  due  to  ed- 
dies. Both  of  these  result  in  losses  not  accounted  for  by 
theory  and  necessitate  an  empirical  coefficient  of  dis- 
iharge  in   order   to  compute  the  actual   quantity  of  air 


J 
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passing  througli  the  orifice.  This  cocllicieiit,  wbich  de- 
pends upon  the  .shajje  of  the  orifice,  can  be  accurately  de- 
termined only  by  experiment,  but  averages  0.f)42. 

A  rather  elaborate  series  of  ex])erimcnls  to  ascertain 
the  coefficient  of  discharge  of  air  under  various  condi- 
tions was  conducted  several  years  ago  by  Sanford  A. 
Moss  and  the  results  of  liis  research  are  explicitly  di.s- 
i;U8sed  in  the  American  Mcwliinisl.  Aug.  10,  \'M)t>:  Hi'pi. 
20  and  27,  1900. 

(2)  Kecommendatiou  is  made  by  Mr.  Lancaster  tliat 
the  orifice  manifold  be  connected  to  the  discharge  open- 
ing of  tiie  compressor.     Such  a  method  is  obviou.iiy  in- 


correct, fur  the  pulsations  in  the  pij>e  due  to  llie  inter- 
mittent discharge  of  air  from  the  compressor  causes  dis- 
turbances and  pressure  fluctuations  which  prevent  the 
attainment  of  that  accuracy  in  air  measurement  which  is 
so  desirable.  Tests  conducted  on  large  compressors  fur- 
nishing air  for  the  construction  of  the  aqueduct  in  New 
York  City  showed  such  pressure  variations  that  tlie  re- 
sults obtained  were  of  value  only  for  comparison  with 
those  obtained  on  other  machines  operating  under  simi- 
lar conditions. 

(3)      The  aTriin.iivnieiit  of  the  battery  of  orifices,  as  il- 
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lustrated  by  Fig.  1,  also  shows  a  departure  from  the 
basic  principles  underlying  and  governing  the  design  of 
orifices  for  accurately  measuring  the  flow  of  air,  and  con- 
sequently makes  the  exact  value  of  the  coefficient  of  dis- 
charge still  more  uncertain. 

The  formula  given  is  based  on  the  condition  that  the 
air  enters  the  orifice  at  a  velocity  so  low  when  compared 
with  the  discharge  velocity  as  to  he  negligible;  also,  thai 
the  flow  to  the  orifice  is  direct  and  not  disturbed  by  con- 
stricted passages  or  sudden  changes  in  direction  with 
their  restdting  eddies.  If  these  conditions  do  not  pre- 
vail a  correction  must  be  made.  The  illiisiralion  shows 
the  sharp  turns  noeessarily  made  by  the  aii-  in  leaving 
the  body  of  the  manifold;  ah-^o  the  glol)c  valves,  which 
are  so  close  to  the  orifices  as  to  make  their  ctfect  on  IIk- 
discharge  most  jironounced.  These  valves  ar(>  a  neces- 
sity, but  the  eddies  which  they  ])roduce  <'an  be  almost  en- 
tirely overcoiuc  by  considerably  increasing  the  size  of 
pipes  in  front  of  the  orifices.  This  procedure  would  also 
decrease  the  air  velocity  to  the  orifices  which,  as  already 
noted,  has  an  important  bearing  on  the  accuracy  of  the 
results  ol)taincd.  The  manifold  j)ropor  .should  be  many 
times  larger  than  shown  and  connected,  not  to  the  dis- 
iliarge  line  of  the  compressor,  but  to  a  receiver  of  ample 
capacity  to  minimize  the  elfects  due  to  a  pulsating  dis- 
charge. Pressure  sliotdd  i)e  recorded,  not  in  such  a  tank 
up  in  the  manifold,  but  directly  in  front  of  each  orifice 
used  in   the  test. 

(4)  While  the  theoretical  formula  for  flow  furnished 
by  the  science  of  thermodynamics  has  no  relation  to  the 
shape  of  the  orifices  em])loyed,  the  form  does  affect  the 
coefTicient  of  discharge  and  should  receive  consideration. 
The  shape  used  by  Mr.  Lancaster,  reproduced  in  Fig.  2, 
has  not  been  generally  accc])ted  by  air-compressor  build- 
ers, a  more  common  form  being  as  shown  in  Fig.  3.  Here 
the  lengtli  of  the  straight  portion  is  one  and  one  half 
times  thi'  diameter,  with  an  inside  radius  equal  to  the 
diameter. 
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(."))  Mr.  Lancaster  nieiitious  the  (losiraliility  ol"  rc- 
tordiug  the  temperatmv  of  both  tlio  air  ami  ihr  ((Kiliiifi- 
water  wheu  entering  and  leaving  the  inlcrcoolev.  hut  he 
fails  to  show  the  possilile  application  of  .^^iich  readings  to 
correct  the  apparent  volumetric  erticiencj-  given  by  the 
formnla  already  discussed.  Efficiency  of  iiitercooling 
and  humidity  of  the  inlet  air  should  always  be  considered, 
however,  the  aflinity  of  air  at  high  temperature  for  water 
vapor  being  concisely  illustrated  by  Frank  Hicharils  and 
A.  Hotfnian  in  recent  issues  of  Powkk.  Bearing  this 
fact  in  mind,  it  is  easy  to  conceive  of  a  com|)n'ss(ir  \n-o- 
diicing  perfect  iiitercooling,  sliowing  by  actual  ti'si  a  hi"- 
er  volumetric  efficiency  than  a  compressor  in  uhicii  an 
inefficient  intercooler  allows  an  excess  of  watci-  \aiior  to 
be  carried  to  the  high-pressure  cylinder  and  conse(|uently 
llirough  the  orifice.  Power  consumption  per  unit  quan- 
tity of  air  delivered  indicates  to  the  discriminating  pur- 
chaser, however,  which  is  the  best  machine  and  shows 
that  the  measure  of  volumetric  efficiency  alone  is  not  tiie 
criterion  by  which  a  compressor  should  be  judged. 

That  the  overall  efficiency  of  the  outfit  considered  by 
Mr.  Lancaster  in  his  summary  of  test  results  was  \cry 
low  when  compared  with  present-day  types  of  direct 
motor-driven  compressors,  is  evident,  W'hen,  even  if  we 
neglect  the  effects  of  humidity  and  apply  only  a  cot4hcient 
of  discharge  of  0.9+2  (although  the  form  of  the  orifici^ 
battery  indicates  a  lower  value)  it  is  noted  that  the  horse- 
power input  to  the  motor  per  100  cu.ft.  of  free  air  de- 
livered at  100  lb.  gage  pressure  equals  24.15.  Com- 
pared with  15.31,  the  theoretical  horsepower  required  for 
two-stage  compression,  this  shows  a  total  efficiency  of 
compression  of  63  per  cent. 

H.  L.  Dkax. 

lirookiyn.  X.  Y. 

The  illustration  shows  the  way  we  repaired  a  broken 
crankpin  on  a  120-ton  ice  machine.  The  pin  diameter 
was  9  in.  and  the  pin  wa.s  broken  diagonally  as  shown. 


Am  Drill  in'  Positiox 

It  had  run  hot  for  several  days,  but  no  unusual  noise  in- 
dicated that  it  was  broken.  On  disconnecting,  we  found 
the  trouble. 

To  make  a  quick  repair,  we  blocked  and  clamped  an 
air-drill  square  with  the  crank.  Two  extension  drills 
were  made,  the  hole  being  started  with  the  %-in.  and 
the  2-in.  was  run  through  afterward.     A  taper   reamer 


corresponding  to  the  head  of  the  lioll  was  uscil  on  one 
end  of  the  pin  and  a  tlat  cutter  im  lh(>  other  end  to  re- 
cess for  the  head  and  nut  to  come  flush  with  the  crank 
web,  as  there  was  but  little  clearance  in  the  crank  case. 
After  the  bolt  was  put  in  and  the  pin  drawn  together 
a  V-shaped  groove  was  chiseled  around  the  pin,  follow- 
ing the  crack.  Since  making  this  rc]iair  the  engine  has 
run  continually  for  over  a  month  making  44  r.]).m.  and 
running  jierfcctly  cool. 

The  job  r('(|uired  two  men  60  hours;  34  hours  at  dou- 
ble time  and  36  hours  at  single  time,  and  the  total  cost, 
iniduding  iliills.  reamers,  etc.  was  $147. 

J.  TI.  ClNNlXllHAM. 

Toledo.    Ohio. 


Last  winter,  in  a  mill  where  there  arc  two  51-in. 
waterwheels  under  a  17-ft.  fall,  one  of  the  wheels  gave 
troulile  which  at  first  looked  like  a  mystery.  There  was 
a  loud  report,  and  half  the  top  of  the  waterwheel  casing 
lifted  off,  breaking  at  ])oint  .4  and  allowing  the  water 
to  Hood  the  wliccl-|Ht  Hoor.  The  head  gates  were  closed 
To  Governor 
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Broken  Pinion  Caused  Water-Hammer 

and  things  were  looked  over,  but  nothing  was  found  to 
which  the  cause  could  be  attributed. 

A  man  sent  from  the  shop  where  the  wheels  were 
built  could  throw  no  light  on  the  subject,  as  he  had 
never  seen  anything  like  it  before.  The  general  man- 
ager sent  for  a  master  mechanic  with  extensive  experi- 
ence with  waterwheels,  who  said  our  trouble  was  caused 
by  air  being  pocketed  under  the  head.  We  put  in  an 
S-in.  pipe  as  shown  at  B  for  a  vent.  After  running  a 
while,  the  following  day,  bang  went  the  head  again. 
This  time  it  was  found  that  at  some  previous  time  sev- 
eral teeth  had  been  broken  out  of  the  rack  pinion  C. 
In  operating  the  gate  when  the  pinion  got  to  the  position 
shown  at  D,  there  was  nothing  to  prevent  the  gate  from 
closing  quickly.  This,  of  course,  produced  a  water- 
hammer,  and  something  had  to  let  go.  A  new  pinion 
was  put  on  and  castings  made  to  fit  over  the  crack  in  the 


September  2-^.  UtU 


P  ( )  A^"  F.  P 


42: 


"iiead  were  sefiiied  witli  i:.>-iii. 
have  had  no  such  trouble. 


WilliMiiistown.  ^las 
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In  one  jilaiit  the  enguieers  frequently  l)le\v  thv  water 
"lit  of  the  steam-gage  connections,  and  as  the  steam  came 
in  direct  contact  with  the  tiibes.  it  distorted  them  and 
the  gages  read  incorrectly.  A  lecture  on  steam  gages 
helped  the  matter  somewhat,  but  now  and  tlien  some- 
(  nc  would  drain  the  lines  again. 


^ 


Old  Connection  New  Connection 

Pi!oTK(  TiX(;  TiiK  (;a(;r 

I  had  all  the  gage  connections  changed  as  shown,  so  that 
no  harm  could  be  done.  The  steam  fitter  made  all  the 
liianges  one  Sunday  while  tiie  ))lant  was  shut  down.  T 
kept  watch  for  a  week,  but  T  never  saw  a  single  drain 
cock  opened,  much  to  my  chagrin,  as  tlie  steam  fitter 
had  wagered  the  cigars  that  after  making  the  change  not 
OTIC  of  the  cocks  would  lie  opened  in  a  week,  and  he  was 
right.     I  have  often  wondere<l  why. 

('.  E.  A\i)i;r8''x. 

Chicago,  III. 


Diagra^innis  frosm  New-  Eimgiiaes 

Diagram  Fig.  1  is  from  one  of  the  best  knowni  In'gh- 
speed  Corliss  type,  four-valve  engines,  which  has  only 
been  in  service  one  month.  Tiie  piston  speed  is  720  ft.  ]ier 
minute  at  ]H0  r.p.ni.,  the  stroke  being  2t  in.    While  this 
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is  good   piston   sptu-d    for   economy,   this   diagram   shows 
|ionr  steam   distribution,   the   ailinissinn    is    bite   :mil    the 


steam  is  Avire-drawu  considerably,  as  is  clearly  evident. 

It  is  clear  that  the  movement  of  the  valve  is  too  slight 
for  the  required  steam  and  small  movement  means  poor 
wearing  qualities. 

Diagram  Fig.  2  is  from  a  four-valve  Corliss  type  en- 
gine, controlled  by  a  variable  eccentric.  The  piston  speed  is 
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690  ft.  per  niin.  at  230  r.]).m.,  the  stroke  being  18  iu. 
This  engine  has  an  advantage  in  that  the  piston  speed  is 
considerably  lower  and  the  valve  motion  is  far  superior. 
These  diagrams  show  the  operation  of  the  engines  as 
turned  over  by  the  erecting  man. 

C.  R.  M<(i.vHEy. 
Haltiniore.  Md. 


The  steady  curient  that  a  given  direct  voltage  will 
maintain  through  a  solenoid  depends  upon  the  resist- 
ance of  the  winding  irrespectively  of  whether  the  latter 
includes  an  iron  core  or  not.  The  current  that  an  equiv- 
alent alternating  voltage  will  maintain  through  the  sole- 
noid dejiends  upon  the  imped- 
ance of  the  coil,  which  in  turn 
depends  not  only  upon  the 
resistance  of  the  winding,  but 
upon  whether  the  winding  in- 
cludes a  magnetic  circuit,  and, 
if  it  does,  upon  whether  the 
iron  of  the  magnetic  circuit 
is  continuous  or  is  broken 
by  an  air  gap.  It  follow.s, 
then  : 

(1)  If  to  a  coil  designed  for  use  with  an  iron  core, 
rated  alternating  electromotive  force,  be  applied  without 
the  core,  the  coil  will  burn  out  because  the  current  will 
be  abnormal. 

(2)  If  to  a  solenoid  designed  to  operate  with  a  loic 
air  gap  of  a  certain  maximum  thickness,  rated  alternat- 
ing voltage  i)e  a])|)lied  continuously  or  too  continually, 
the  coil  will  be  burned  out  :  how  long  it  will  last  under 
(hese  conditions  will  depend  upon  how  often  or  how 
continuously  the  electromotive  force  is  applied. 

Tlterefore,  a  contactor  operated  by  an  alternating  cur- 
rent will  fake  a  much  heavier  current  when  it  is  o|ien 
than  when  closed.  These  possible  conditions  of  abuse 
are  illustrated  by  the-  fnllowing: 

An  operator  burned  out  a  brake  coil  of  an  electrically 
operat<'d  hoist,  lie  wound  a  new  one  to  rej)lace  it,  but 
this  coil  and  several  others  that  he  wound  were  burned 
out  by  the  test  he  gave  them  to  insure  that  they  were  nil 
right    before    installintr    theiii.      lie    (iiinlh    brc.inie    lired 
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of  winding  coils  and  sent  for  assistance,  whereupon  it 
was  found  that  the  preliminary  test  consisted  in  apply- 
ing full  rated  voltage  to  each  coil  as  it  lay  on  the  table 
without  any  magnetic  circuit  to  take  the  place  of  the  one 
that  it  would  have  had  when  installed  on  the  crane.  Had 
the  operator  included  an  ammeter  in  his  test  circuit,  the 
current  would  have  surprised  him,  and  the  ammeter,  too, 
probably,  iinless  he  had  happened  to  get  one  that  was 
big  enough. 

In  the  accompanying  diagram,  ^'  is  a  siMut  to  deliver 
purifying  liquid  to  the  water  delivered  by  a  motor-driven 
filter  outfit :  Z'  is  a  tin  pan  pivoted  at  0  so  that  the  pan 
nuiy  take  either  of  the  positions  indicated.  When  the 
plunger  B  of  the  electromagnet  .4  is  down,  the  pan  is  in 
the  position  represented  by  the  full  line,  and  when  B  is 
uj),  the  pan  is  in  the  dotted  position.  Magnet  A  was  so 
connected  that  when  the  motor  started,  A  would  be  en- 
ergized, and  the  pulling  up  of  B  would  tilt  the  pan  to  the 
dotted  position,  thereby  deflecting  the  purifier  into  tlie 
proper  intake.  Stopping  of  tlie  motor  would  simultan- 
eously deenergize  tlie  magnet  and  permit  gravity  to  re- 
store all  parts  to  the  release  position  in  which  the  puri- 
fier was  deflected  to  a  receptacle  on  the  opposite  side. 

The  operator  had  had  several  magnet  coils  burn  out 
and  he  thought  that  the  cause  was  high  voltage.  Inves- 
tigation proved  that  the  trouble  was  due  to  a  rigid  con- 
nection between  rod  C  and  the  pan.  This  caused  B 
to  bind  at  the  lower  end  of  its  travel,  and  the  coil  liad 
not  sufficient  strength  to  release  it.  Under  this  condi- 
tion, the  coil  had  practically  no  core  within  it,  hence  tlie 
abnormal  current  taken  burned  it  out.  Insertion  of  a 
piece  of  light  chain  between  the  rod  0  and  the  pan  /' 
stopped  the  trouble. 

J.    A.    HORTON'. 

Schenectady,  N.  Y. 


The  iUustration  shows  \w\\-  1  have  .several  times  re- 
moved the  worn  lining  from  the  water  end  of  a  pump. 
The  heavy  bolt  A  is  threaded  for  a  considerable  length. 


'/^/y  P0WE« 


Paets  Assembled 


Plate  B  is  drilled  and  tapped  to  match.  Shoulder  G  is 
an  easy  fit  into  the  lining  and  the  ends  of  the  plate  just 
clear  the  bore  of  the  cast-iron  body.  Plate  D  is  used  to 
take  the  strain  on  the  bolt  at  the  head.  After  assem- 
bling as  shown,  the  lining  may  be  pulled  as  far  as  plate 
D,  when  it  becomes  ue-  essary  to  put  in  blocking  between 
the  plate  and  the  punrp.  This  same  rig  may  be  used  to 
pull  in  the  new  lining  by  reversing,  but  care  should  be 
taken  to  protect  the  stuffing-box  in  so  doing. 

George  J.  Little. 
Passaic,  X.  J. 


srovisedl   Pap©  WipeEaclhi 

An  old  trick  worth  knowing  is  illustrated.  A  short 
piece  of  a  round  file  and  a  monkey-wrench  may  be  used 
to  turn  a  pipe,  in  the  al)S"nce  of  anything  better.     The 


Wrench  and  File  i.v  Positiox 

wrench  is  opened  enough  to  span  the  pipe  and  the  file 
put  in  parallel  to  the  pipe,  as  shown.  When  pressure  is 
applied  to  the  wrench  the  file  rolls  in  firmly  between 
the  wrench  jaw  and  pipe,  causing  a  grip  which  holds 
without  the  least  slippage.  A  slight  backward  movement 
will  release  the  wrench  instantly. 

Whitinsville,  ^lass.  A.  C.  Nella. 


M.®JlJlainig 

The  illustration  shows  the  incline  uj>  wliieh  barrels 
of  oil  had  to  be  rolled  at  our  plant.  It  took  two  husky 
men  to  manage  a  barrel  containing  50  to  .5-5  gal.     One 


A  Hitch  to  Roll  the  Barrel 

of  the  oilers  finally  drove  a  hook  into  the  door  sill,  out 
of  the  way.  Then,  taking  a  long  rope,  he  doubled  it  and 
hooked  it  to  the  door  sill  and  passed  it  around  under  the 
barrel  near  each  end,  and  back  to  the  doorway,  as  shown. 
The  barrel  could  then  be  guided  and  pulled  up  the  in- 
cline easily  by  one  man. 

Kittanning,  Penn.  R.  G.  Ci'rren,  ,Jr. 
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Rectifier  in  an  Absorption  Systcni  — What  is  the  office  of 
the  rectifier  in  an  absorption   system   of  refrigeration? 

C.   R.    H. 

To  condense  any  water  vapor  carried  along  with  ihs  am- 
monia vapor  from  the  generator,  the  liquid  thus  condensed 
being   drained   off  or   returned   to   the    generator. 

Opening  Glass  Gagre  Connectious — In  opening  the  connec- 
tions for  a  water-gage  glass  to  a  boiler  after  they  have  been 
turned   oft,   why  should  the  lower  valve  be  opened  first? 

R.   G.   M. 

Opening  the  lower  valve  first  would  warm  up  the  gage- 
glass  mure  gradually  than  to  turn  the  steam  in  first  and 
thereby  be  less  likely  to  cause  the  glass  to  break. 


is   one    of    the    principal    reasons    for    placing    greater    reliance 
on    a   glass   gage. 


Advantage    of    Independently    Driven    Air    Pump — What    is 

the  advantage   of   an   independent   air   pump? 

E.  M. 
For  large  powers,  an  independently  driven  air  pump  has 
an  advantage  over  a  direct-connected  pump  in  requiring  less 
power  at  reduced  engine  loads,  as  the  speed  of  the  air  pump 
Is  under  separate  control  to  suit  the  requirements  of  the 
condenser. 


Bleeder   I'urbine — What    is    a    bleeder    turbine? 

H.    D.    R. 

A  steam  turbine  which  is  adapted  to  be  bled  at  one  of  the 
Intermediate  stages,  steam  being  taken  from  it  as  is  often 
done  from  the  receiver  of  a  compound  engine  for  heating  or 
Industrial   purposes. 


Replacinir  Tube  in  Water-tube  Holler — If  a  tube  in  the 
center  of  the  middle  header  of  a  B.  &  W.  type  water-tube 
boiler  should  explode,  would  it  be  necessary  to  remove  other 
tubes  in  order  to  remove  and  replace   the  damaged  tube? 

H.   A.   L. 

No,  for  opposite  each  tube  end  in  the  headers  is  a  hand- 
hole  of  sufficient  size  for  cleaning  and  removing  or  renewing 
a   tube  without  disturbing  other  tubes. 


The  Half-Stroke  ^Vllleh  Requires  Less  Time — In  which  end 
of  the  cylinder  of  a  reciprocating  engine  is  one-half  of  the 
stroke  of  the   piston   accomplished   In   the  least   time? 

M.    D. 

Less  than  one-quarter  of  the  revolution  of  the  crank  is 
performed  by  one-half  stroke  on  the  head  end  so  that  with 
uniform  rotation  less  time  is  required  for  accomplishing  one- 
half  stroke  of  the  piston  in  that  end  of  the  cylinder. 


Performanee  of  Condensers — What  are  the  leading  factors 
upon  which  It  Is  usual  to  base  the  performance  of  con- 
densers? 

J.     E.    B. 

The  performance  Is  based  on  the  number  of  Inches  of 
vacuum  to  be  obtained  when  condensing,  per  hour,  a  stated 
weight  of  steam  of  given  temperature,  and  handling,  during 
the  same  period,  a  given  quantity  of  condensing  water  sup- 
plied  at   a   stated    temi)erature. 

Steam  LlberatlnK  Surfaee  per  Holler  Horsepower — What 
■hould  be  the  steam  liberating  surface  In  hollers  per  horse- 
power? 

H.    J.    M 

With  ordinary  good  circulation,  about  %  sq.ft.  of  ateam- 
llberatlng  surface  per  boiler  horsepower  Is  satisfactory  for 
the  generation  oC  dry  steam  In  flre-tube  boilers,  and  about 
%  sq.ft.  of  steam-liberating  surface  per  horsepower  has 
given  good  results  In  water-tube  boilers  having  steam  drums 
which  are  not  subjected  to  the  greatest  Intensity  of  the  Are. 


GaKe  lock  .Shons  Nteam — When  all  water  column  con- 
nections of  ample  size  are  clear  and  the  water  glass  shows 
three  gages  of  water,  what  woulil  cause  the  gage  cocks  to 
show   only    two   gages  of  water   In    a   boiler? 

S.  J.   A. 

With  high  boiler  pressure  and  water  only  a  little  above 
the  third  gage  cock,  the  discharge  of  water  from  the  gage 
cock  at  high  velocity  would  be  broken  up  Into  a  fine  spray 
which   could    easily    be    mistaken    for    steam.      The    unceriKlnty 


Legal  Decision  Reports — Under  "Recent  Court  Decisions,' 
there  are  references  to  publications  evidently  containing 
fuller  reports  of  the  cases.     Where  can  these  be  obtained? 

K.    L.    W. 

The  publications  referred  to  are  the  various  weekly  Re- 
porters covering  the  United  States,  as  follows:  Atlantic,  Pa- 
cific, Federal,  Northeastern,  Northwestern,  Southeastern, 
Southwestern,  Southern  and  Supreme  Court  Reporter  (semi- 
monthly) and  the  New  York  Supplement.  These  belong  to 
the  National  Reporter  System  and  are  published  by  the  West 
Publishing  Co.,  50  West  Third  St.,  St.  Paul,  Minn.  Copies 
can  be  obtained  direct  from  the  publisher  or  from  any  dealer 
in  law  books,  or  can  be  consulted  in  any  law  library. 


Xegleetins:  Area  of  Piston  Rod — In  figuring  from  indi- 
cator diagrams  the  horsepower  developed  by  an  engine,  what 
is  the  usual  error  of  computation  resulting  from  neglecting 
the  reduction  of  piston  area  by  the  cross-sectional  area  of 
the   piston   rod? 

M.   G 

The  average  size  of  piston  rods  of  steam  engines  is  about 
I  the  diameter  of  the  piston,  thereby  reducing  the  effective 
area  of  the  piston  about  "A,i,  or  about  2.S  per  cent.  As  for 
engines  without  tail  rods,  this  reduction  would  apply  only 
to  the  crank  side  of  the  piston,  then,  with  the  same  mean 
effective  pressure  indicated  in  each  end  of  the  cylinder,  neg- 
lecting the  correction  for  the  cross-sectional  area  of  the 
piston  rod  would  make  the  computation  result  about  1.4  per 
cent,  too  large. 


Termiual  Pressure  with  %  Cutoff — With  initial  pressure  at 
100-lb.  gage  pressure  and  5  per  cent,  clearance,  what  would 
be  the  terminal  pressure  with  cutoff  at  25  per  cent,  of  the 
stroke,  assuming  isothermal  expansion 

H.    H. 

Gage  pressure  of  100  lb.  per  sq.in.  would  be  equivalent  to 
100  +  14.7  =  114.7  lb.  absolute 
With  5  per  cent,  clearance  and  cutoff  at  25  per  cent,  of  the 
stroke,  the  volume  of  steam  present  at  the  time  of  cutting 
off  would  be  5  -t-  25  or  30  per  cent,  of  the  piston  displaecment. 
and  the  total  volume  after  expansion  would  be  100  -f  5  or 
105  per  cent,  of  the  piston  displacement.  As  the  terminal 
pressure  would  be  inversely  as  the  volumes  before  and  after 
expansion,  then   the  terminal   pressure  would   be 
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=    32.77   lb.  absolute 


l*i.OT  lb.   tiagu   pressur 
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Holler    Kffleleney — What    is    the    elllcieMcy 
how   is  it  determined? 

T.    H. 

There  are  two  methods  of  defining  and  estimating  the  effl- 
clenc.v  of  a  boiler,  one  being  based  on  combustible  and  the 
other  being  based  on  coal.     According  to  the  first. 

Heat  absorbed  per  lb.  of  combustible 

Efficiency   of  a    boiler    =    — —— 

Calorific  value  of  1  lb.  of  combustible 

This  Is  the  standard  of  comparison  for  all  tests,  and  Is 
the  one  which  is  understood  to  be  referred  to  when  "effici- 
ency" alone  Is  used  without  qualifications.  The  "heat  ab- 
sorbed per  pound  of  fombustlhle"  is  to  be  calculated  by  mul- 
tiplying the  equivalent  evaporation  from  and  at  212  deg.  F. 
per  pound  of  combustible  by  970.4  and  the  calorific  value  of 
1  11).  of  the  combustible  is  to  bo  determined  by  a  coal  calori- 
meter  or   estimated    from    the    analysis   of   the    coal. 

When   the   purpose   Is   to  Include   boiler  and   grate   together 


of    the    boiler    and    grate    = 


Calorific   value   of   1   lb. 
of  coal. 


[Correspondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations   and     for    inquiries     to     receive     attention. — EDITOR.) 
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Last    LE^S!^0^'s    AxsWEliS 

1-^1.  The  timo  of  flight  is  found  from  equation  (70), 
where  T     = ^—  .       lu  this  ease  the  angle  n   = 

45  deg.  aud  mh  ti  =  0.70';  :  also  V  =  1200  it.  per  sec, 

•i  X  1-^00  X  0.707       .  ,  ^ 
heuce  1\  =  3^3g =  •->-i-^  -'''■- 

122.  The  projectile  will  strike  the  ground  at  a  dis- 
tance from  the  gun  equal  to  the  horizontal  range  R, 
which  is  determined  from  equation  (71),  where  R  = 
V  cos  a  X  T^:  hence 

/?  =  1200  X  0.707  X  ■">2.8  =  44,795  ft.,  or  8.48  miles. 

123.  From   equation    (73),   11    = 2  ff         ' 

this  problem  T'  =  1200  ft.  per  sec.;  sin  a  =  0.707,  hen-e 
_  120..X12OOX0.7O7X0^  ^  ^^  ^,0  ^^  ^,..,^o  ,,„.,.. 
"  ~  2  X  32.1ti 

124.  The  range  is  easiest  determined  by  first  solving 
problem  125,  to  ascertain  the  time  of  flight.  From  equa- 
tion (75),  —  ff  =  V  sin  a  XT  —y2  9  X  T\  where  H 
is  the  elevation  of  the  point  of  projection  and  in  this 
case  is  equal  to  500  ft.  Substituting  the  given  values  in 
equation  (75)  there  results,  —  500  =  1200  X  0.707  X  T 
—  16.08  r^  or,  T-  —  53.76  T  =  31.09,  which  is  a  quad- 
ratic equation  and  may  be  solved  by  adding  695.9  to 
both  sides  of  the  equation,  so  as  to  make  the  left  side  a 
perfect  square,  thus, 

T^  _  52.76  T  -f  695.9  =  31.09  +  695.9  =  727 
and  taking  the  square  root  of  both  sides,  there  results, 

T  —  26.38  =  26.96 
or,  T  =  26.96  -f  26.38  =  53.3  sec. 

The  range  is  dependent  upon  the  horizontal  compo- 
nent of  the  velocity  and  the  time  of  flight,  or,  as  given 
by  equation    (71),  R   =    V  cos  a  X   T^;  where   V  = 
1200  ft.  per  sec,  and  T^  =  53.3  sec,  therefore 
R  =  1200  X  0.707  X  o3.3  =  45,220  ft.,  or  8.58  ?niles. 

125.  In  problem  124  the  total  time  of  flight  was 
found  to  be  53.3  sec,  which,  it  will  be  noted,  is  just 
about  one-half  second  longer  than  the  time  found  in  prob- 
lem 121. 

EOTARY    MOTIOX 

In  equation  (47),  it  was  shown  that  the  force  re- 
quired to  produce  an  acceleration  of  a  feet  per  second 
per  second  on  a  mass  of  M  pounds  was  equal  to  M  X  «• 
As  the  mass  becomes  greater  the  force  required  to  produce 
a  given  acceleration  also  becomes  greater;  that  is,  the 
force  is  directly  proportional  to  tlie  mass,  assuming  that 
the  mass  is  moving  in  a  straight  line. 

In  the  case  of  rotating  bodies,  not  only  must  the  mass 
be  considered,  but  also  its  distance  from  the  center  of 
rotation.  Thus  a  small  force  acting  at  a  great  distance 
from  the  center  of  rotation  may  produce  the  same 
''torque"  or  turning  moment  as  a  large  force  acting  at 


■d  small  distance.  The  resistance  to  rotation  of  a  given 
body,  then,  depends  both  on  the  mass  of  the  body  and  the 
distribution  of  the  mass  relative  to  the  center  of  rota- 
tion. It  is  evident  from  experience  that  it  is  much  easier 
to  set  in  motion  a  flywheel  whose  mass  is  concentrated 
in  its  hub  than  it  is  to  set  in  motion  one  whose  mass  is 
(oncentrated  in  its  rim.  Moreover,  it  must  be  apparent 
that  the  linear  acceleration  of  a  given  mass  is  also  de- 
pendent upon  its  distance  from  the  center  of  rotation. 
Thus,  if  two  wheels  of  the  same  mass,  but  of  different 
diameters,  are  to  be  brought  up  to  speed  in  the  same 


Fig.  ;!"». 

time,  the  linear  accelerations  of  their  rims  must  be 
different  in  order  to  produce  the  same  angular  accelera- 
tion. 

In  equation  (26)  it  was  shown  that  the  angular  ve- 
locity of  a  body,  expressed  in  radians,  was  equal  to  the 
linear  velocity  divided  by  the  radius.  In  like  manner, 
it  may  be  shown  that  the  angular  acceleration  in  radians,  i 
is  equal  to  the  linear  acceleration  in  feet  i)er  second 
per  second,  divided  by  the  radius  in  feet.  Thus,  let 
a  =  The  linear  acceleration  in  feet  per  second  per 

second ; 
f/j  =  The  angular  acceleration   in   radians  per  sec- 
ond per  second,  and 
R  =  The  radius  of  rotation  in  feet,  then. 


i?" 


X  R 


As  a  general  rule,  the  acceleration  of  rotating  bml- 
ies  is  expressed  in  revolutions  per  second  per  secoinl. 
and  as  there  are  2  w  radians  in  the  circumference  o(  a 
circle  (see  lesson  XV),  it  foUows  that  a  =  2  vAR,  where 
A  =  the  increase  in  revolutions  i^er  second  per  second. 
In  the  case  of  a  flywheel,  each  separate  particle  will  be; 
located  at  a  fixed  distance  from  the  center  of  rotationi 
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iiiid,  as  there  is  an  infinite  number  of  particles,  tlu'vc 
will  be  an  infinite  number  of  radii  and  each  particle 
will  have  a  different  linear  velocity.  For  this  reason 
the  mass  of  the  wheel  is  assumed  concentrated  at  a  certain 
]ioint,  so  that  the  resistance  which  the  wheel  would  olfer 
to  a  change  of  angular  velocity  will  remain  the  same. 
The  distance  from  this  point  to  the  center  of  rotation  is 
called  the  radius  of  gijralioii  of  the  wheel.  The  value 
of  the  radius  of  gyration  of  various  sections  may  be 
found  by  reference  to  any  engineers"  liandbook.  In 
the  ease  of  flywheels  with  heavy  rims  tlie  liub  and  arms 
are  neglected  and  the  weight  of  the  rim  only  is  consid- 
ered. In  such  cases,  it  is  customary  to  consider  the  ra- 
dius of  gvration  as  the  distance  from  the  center  of  the 
\\'lieel  to   the  middle  of  the  rim. 

In  Fig.  79,  assume  a  heavy  wheel  A  to  lie  mounted  on 
the  shaft  C,  to  which  is  keyed  the  pulley  B.  A  force  of 
/'  pounds  is  applied  at  the  rim  of  the  pulley.  It  is  desired 
to  find  the  value  of  this  force  in  terms  of  the  weight  of 
the  wheel  in  order  to  give  a  definite  angular  acceleratioji 
to  the  wheel.  First  assume  that  the  mass  M  of  the 
wheel  is  concentrated  at  the  center  of  the  rim  at  a  dis- 
tance of  R  feet  from  the  center  of  the  shaft.  It  must 
be  evident  that  the  inertia  of  the  rim  will  act  in  a 
direction  opposite  to  that  in  which  the  wheel  is  to  move. 

Let  F  =  the  force  of  inertia  which,  from  equation 
(47),  is  equal  to  the  mass  of  the  rim  times  the  linear 
acceleration,  ot  F  =  M  X  a-  '^ow  from  the  conditions 
of  equilibrium,  the  algebraic  sum  of  the  moments  about 
the  point  0  must  equal  zero.  Thus,  F  X  R  =  P  X  J, 
and  as  i^  =  iV  X  a,  it  follows  that,  M  X  a  X  R  = 
P  X  d.  Also  as  previously  proven,  the  linear  accelera- 
tion a  is  equal  io  2  it  A  X  Rj  therefore,  substituting  this 
\'alue  in  the  above  equation,  there  results, 

M  X  •^■^  X  A  X  R  X  R  =  1'  X  <l,  or, 

■Z-jr  X  MK-  X  A  =  P  X  d  (TG) 

Pjxpressed  in  gravitational  units,  the  equation  becomes, 

2  7r  Xy    X  h"  X  A  =PXd  (77) 

where. 

W  =  The  weight  of  the  rim  in  pounds; 

R  =  The  radius  of  gyration  in  feet; 

A  =  The   ang-ular   acceleration    in   revolutions   per 

second  per  second; 
P  =  The   force    required   in    pounds ; 
d  =  The  moment  arm  in  feet  of  the  force  P,  and 
g  =  Acceleration  due  to  gravity  =   32.16. 
The  quantity  MR-  is  called  the  moment  of  inertia  ol 
the  body.     To  determine  this  quantity,  it  is  nc;  essary  to 
consider  the  body  as  being  made  up  of  an  infi,;ite  luiin- 
ber  of  small  particles,  and  to  multiply  each  of  these  par- 
ticles by  the  square  of  its  distac^ .  from  the    ;entcr  of 
rotation,    and   then    add   all   thes.    small   quartitics    to- 
gether, which  .sum  gives  the  ir'>m('i)t  of  inertii'. 

The  moment  of  inertia  of  bodies^  >f  uniforn  density 
may  be  detcnnined  by  tliu  aid  of  calcuiiis,  which  is  beyond 
the  scope  of  this  work.  However,  these  values  may  Ik; 
found  by  reference  to  handbooks. 

In  the  design  of  flywheels,  it  is  desired  to  have  as 
large  an  inertia  effect  as  possible  with  a  given  weight. 
For  this  reason  tlie  moment  of  inertia  is  made  large 
by  placing  most  of  the  metal  in  the  rim  and  making  the 
diameter  of  the  wlieel  relatively  large.  The  moment  of 
inertia  of  the  hub  and  the  arms  is  comparatively  small, 


and,   therefore,   in   the  following  problems  only   the   in- 
ertia elicit  ui  the  run  will  be  considered. 

Study  Questions 

126.  The  point  :\'  on  the  wheel  A,  Fig.  79,  is  5  ft. 
from  the  center  of  the  shaft.  The  wheel  starts  from 
rest  and  at  the  end  of  2  miu.  is  running  at  75  r.p.ni. 
Find  the  linear  acceleration  of  the  point  N  in  feet  jier 
second  per  second. 

127  (rt)  Find  the  angular  acceleration  of  the  point 
X  in  revolutions  per  second  per  second,  (b)  Do  all 
points  in  the  Avheel  have  the  same  angular  acceleration  r 

138  The  outside  diameter  of  a  cast-iron  flywheel  is 
12  ft.  Tlie  rim  is  8  in.  thick  and  the  face  of  the  wheel 
is  10  in.  Find  the  weight  of  the  rim  and  its  radius  of 
gyration. 

129.  What  force  P,  acting  at  a  distance  of  2  ft. 
from  the  center  of  the  wheel,  will  be  required  to  bring  the 
wheel  up  to  a  speed  of  90  r.p.m.  in  II/2  min.  Neglect 
the  weight  of  the  hub  and  the  arms. 

130.  Assume  the  wheel  running  at  120  r.p.m.  What 
braking  force  P,  acting  at  a  distance  of  ]8  in.  from  the 
center  of  the  shaft,  will  be  required  to  reduce  the  speed 
to  60  revolutions  in  one  minute? 


By  A.  L.  II.  Street* 

SYNOPSIS — .1   ri'rieir  of  court  deci^iious  hi   which   the 
scope  of  iuspcciion  rcfjulntiong  has  hec.a  considered. 

In  view  of  the  movement  toward  the  estaljlishnient  of 
uniform  boiler-iuspection  laws  throughout  the  several 
states,  it  is  interesting  to  note  the  points  related  to  such 
legislation  which  have  been  before  the  appellate  courts 
of  the  country. 

'J'he  relationship  between  state  and  federal  jurisdiction 
was  involved  in  a  prosecution  which  was  brought  by  the 
Commonwealth  of  Massachusetts  against  the  Breakwater 
Co.,  100  Xoiihea-ileni  Heporler,  1034.  In  reversing 
a  conviction  of  the  company  for  a  claimed  violation  of 
the  Massachusetts  inspection  laws,  the  Supreme  Judicial 
Court  of  that  state  decided  the  following  points: 

The  provision  of  the  law  for  the  inspection  of  ''all 
steam  boilers,  and  their  ai)])urteiiances  except  .  . 
l)oilers  under  the  jurisdiction  of  the  United  States"  does 
not  exclude  from  the  operation  of  the  statute  everything 
over  which  the  T'nitcd  States,  by  the  fullest  exercise  of 
its  powers  under  the  constitution,  might  assume  au- 
thority, "'riicre  is  an  extensive  field  of  human  iutivity 
over  which  the  states  may  exercise  jurisdiction,  until 
the  United  States  thiongh   Congi'css  asserts  its  power." 

Such  a  law  as  this  must  not  be  given  a  narrow  inter- 
])rptation,  since  it  relates  to  tlie  "safety  of  large  numbers 
of  people  and  considerable  amounts  of  projierty."' 

iioilers  on  seagoing  liargcs  arc  not  subject  to  the  state 
insjiection  law,  but,  in  the  absence  of  reguhition  by  the 
TTnited  States,  a  provision  of  a  state  law  such  as  that 
aiiove  quoted  extends  to  a  l)oi]er  on  a  barge  used  solely 
for  loading  and  unlonHing  cnrgoes,  and  not  for  pur))oscs 
of  propulsion.  Giving  the  law  this  interpretation  docs 
not   make   it   invali/l    as   an    interference   willi    inliM^tni' 
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or  foreign  commerce.  "The  general  jnirposc  of  the 
statute  is  so  hnniaiie  that  it  cannot  be  hekl  to  lie  an  im- 
position upon  navigation."" 

Accordingly,  the  .Supreme  .Tiulicial  Court  decided  that 
the  question  whether  the  Breakwater  Co.  had  violated  the 
law  by  failing  to  have  the  boiler  ou  its  barge  inspected 
de]iended  npon  whether  the  barge  was  a  seagoing  one. 

The  principle  that  a  boiler  must  be  permanently  lo- 
cated within  the  jurisdiction  which  attempts  to  regulate 
it  tinds  sn]3port  by  analogy  in  the  case  of  Peojile  vs. 
Prillen,  C5  Northeastern  Reporter,  947.  In  that  case  the 
Xew  York  Court  of  Appeals  reversed  a  conviction  of  de- 
fendant on  a  charge  of  operating  two  boilers  without 
having  obtained  the  certificate  of  qualification  recpiircd 
by  the  Xew  York  City  charter.  Tt  appeared  that  the 
boilers  were  operated  on  a  scow  by  a  Xew  Jersey  com- 
panv  within  the  limits  of  Xew   York   City  in   renioviiig 


an  obstruction  from  the  East  River.  The  Court  of  Ap- 
peals, referring  to  the  cluirii'r  provision,  said:  "This 
section  evidently  contemplates  the  inspection  of  such 
steam  boilers  as  are  ])enuanently  in  use  in  the  city  of 
Xew  York."" 

By  decision  of  the  Minnesota  .SujjreuK^  Couit  in  the 
case  of  State  vs.  Justus,  94  Minnesota  Reports,  201,  the 
Minnesota  inspection  law  has  l)een  held  not  to  extend 
to  the  boilers  of  steam-heatiug  plants  in  private  build- 
ings.    The  court  said : 

"The  act  was  designed  for  the  better  jjrotection  of 
life  and  property  by  providing  for  the  inspection  of 
steam  vessels  and  steam  boilers  used  to  generate  power 
for  the  operation  of  machinery,  and  requiring  that  all 
persons  having  charge  of  the  operation  of  the  same  and 
masters  and  pilots  of  steamboats  on  inland  water  of  the 
state  be  couipelent  and  qualified  for  the  service." 


to  ftlbe  Mg\iniMfs\cft^re  of  Stoclli  Boilers 


I'.Y  (;.  C.  Dana.  M.  K. 


SVXOFkilS — Comments  on  erislinij  boiler  lairs  and 
rules  from  the  viewpoint  of  the  manufacturer,  and  suy- 
yestions  tending  toward  the  standardization  of  design  and 
construction. 

m 

Safety  is  the  basis  for  many  reforms  and  to  this  end 
boiler  laws  have  been  or  are  being  enacted  by  several 
states  and  cities  as  well  as  several  of  the  Canadian  prov- 
inces. Laws  of  this  kind  are  justified,  but  there  should 
be  enough  scope  to  meet  the  various  conditions,  and  they 
.should  not  imnecessarily  hamper. 

ilassaehusetts  and  Ohio  have  laws  almost  identical  in 
their  application,  although  the  arrangement  of  subjects  is 
more  systematic  in  the  Ohio  rules. 

The  rules  of  Detroit,  Mich.,  and  Manila,  P.  L,  are  pat- 
terned after  the  Massachusetts  rules. 

The  Canadian  provinces  of  Alberta,  Ontario  and  Sas- 
katchewan ha\e  boiler  laws  which  are  practically  alike, 
but  differ  ^videly  in  many  respects  from  those  of  Massa- 
chusetts and  Ohio. 

To  avoid  repetitions  in  what  follows,  the  Ohio  rules 
will  be  mentioned  when  they  are  the  same  as  those  of 
Massachiisetts,  Detroit  and  Manila,  and  Alberta,  where 
they  are  the  same  as  Ontario  and  Saskatchewan;  separate 
mention  being  made  on  subjects  where  differences  occur 
in  the  rules. 

Most  of  the  laws  are  good  individually  and  a  boiler  con- 
structed in  compliance  with  any  one  of  them  would  be 
safe  and  durable,  but  it  is  difScult  to  build  stock  boilers 
which  will  meet  the  requirements  of  all  of  them. 

The  article  on  "A  Comparison  of  Boiler  Standards"  by 
Mr.  MacDonald  in  Powek,  May  19  issue,  has  covered 
many  items,  but  there  are  some  other  points. 

Under  stamping  and  identification,  the  firm's  serial 
number  nmst  be  stamped  on  all  Massachusetts  standard 
boilers.  I  have  been  given  to  understand  by  the  chairman 
of  the  Board  of  Boiler  Rules  in  Boston  that  this  number 
must  be  in  a  separate  series,  which  shall  start  with  one 
and  shall  comprise  only  the  boilers  built  Massachusetts 


standard.  This  requirement  makes  it  neces.sary  for  the 
manufacturer  to  keep  track  of  eacli  boiler  under  two  num- 
bers, making  an  extra  amduiit  of  clerical  work  with  the 
records. 

This  is  all  right  for  boilers  built  to  order,  but  for  stock 
boilers  it  means  that  each  r)ne  built  must  be  stamped  and 
a  report  filled  out  and  sent  to  each  state  to  which  there  is 
a  probability  of  the  boiler  being  shipped. 

The  Canadian  rules  require  that  only  boilers  actually 
shipped  into  the  province  shall  have  an  affidavit  of  manu- 
facture sent  with  the  boiler.  The  Ohio  and  ^lassachu- 
setts  rules  should  be  modified  to  require  that  manufac- 
turers keep  an  accurate  record  of  all  materials  used  in 
each  boiler  while  the  boiler  is  being  built ;  then  from  this 
record  the  data  report  could  be  filled  out  and  the  boiler 
stamped,  under  the  authority  of  the  inspector,  after  the 
destination  of  the  boiler  is  known.  This  would  eliminate 
much  cumbersome  procedure,  and  also  reduce  the  files  of 
the  Board  to  the  actual  number  of  liciilers  shipped  into  the 
state. 

M  ATKUIALS 

A  comparison  of  the  kind  of  material  can  iiest  be  made 
by  referring  to  Table  1 . 

Only  tlie  Ohio  and  Massachusetts  rules  specify  the 
brand  of  steel :  the  Canadian  rules  lay  more  stress  on  the 
physical  and  chemical  properties. 

Shells,  etc.,  by  the  Ohio  rules  must  be  of  firebox  steel, 
while  Alberta  allows  the  class  which  is  known  to  the  trade 
as  flange  steel.  Tn  Ohio  stayed  surfaces  may  l^e  of  any 
grade  of  openhearth  steel,  while  Alberta  requires  them 
to  be  the  same  as  shells  unless  they  are  exposed  to  the  fire, 
in  which  case,  they  must  be  firebox  steel.  Fireboxes  and 
combustion  chambers  may  be  of  any  of  these  three  brands 
of  steel  in  Ohio. 

The  per  cent,  of  elongation  in  8  in.  should  be  al- 
lowed to  vary  as  by  the  Saskatchewan  rules,  being  deter- 
mined by  dividing  1,450,000  by  the  tensile  strength,  so 
that  as  the  tensile  strength  increases,  the  ductility  de- 


September  22,   1!)14 


P  0  W  E  E 


433 


v-reases  whidi  is  a  natural  result  with  most  kinds  of  steel. 
This  sliding-scale  method  is  used  by  the  American  Society 
lor  Testing  Materials,  as  being  equitable  to  purchaser  and 
manufacturer.     The  minimum  amount  of  phosi^horus  is 


Plate  I,  Fig.  3  or  5,  on  all  boilers  over  3G  in.  and  on 
any  boiler,  regardless  of  size  which  is  to  carry  over  100  lb. 
per  square  inch.  Under  36  in.  the  h^p  joint  as  shown 
in  Figs.  1  and  2  may  be  used. 


TABLE  I.     GIVING  COMPARISONS  OF  THE  KIND  OF  MATERIALS  REQUIRED  FOR  THE  PARTS  OF  A  BOILER  BY  THE  VARIOUS  RULES 


Part  of  Boiler 


Properties  Considered 


f  Brand. 


Shells,  domes, 
drums  and  butt 
straps. 


Heads  or  any  plates 
requiring  staying  or 
flanging. 


nbus- 


Stay     bolts, 

stays  and  braces. 

Weldless  steel. 

Stay     bolts,     through 

stays  and  braces. 

Weldless  iron. 

*Bv  the  Saakatche- 


Tensile  strength,  lb.  per  sq.iu 

I  Elongation  in  S"  not  less  than. . 
j  Phosphorous  shall  not  exceed. . . 

Sulphur  shall  not  exceed .  . 
[  Manganese ■. 

i  Brand 
Tensile  strengtli,  lb.  per  sq.iu 
Elongation  in  8"  not  less  than. 
Phosphorous  shall  not  exceed. . , 
Sulphur  shall  not  exceed .        . 
Manganese 

(Tensile  strength,  lb.  per  sq.in.. 
Elongation  in  8"  not  less  than. 
Phosphorus  shall  not  exceed. . . 
Sulphur  shall  not  exceed. .  . 
I  Brand 
Tensile  strength,  lb.  per  sq.in 
Elongation  in  8"  not  less  than.. . 
Phosphorous  and  sulphur  not  to  exceed. 

through  f  Tensile  strength,  lb.  per  sq.in 

i  Elastic  limit,  lb.  per  sq.in 

[  Elongation  in  8"  not  less  than. . 

(Tensile  strength,  lb.  per  sq.in. .    . 
Elastic  limit,  lb.  per  sq.in 
Elongation  in  8"  not  less  than 

rules  the  elongation  per  cent,  in  S"  may 


Ohio  &  Massachusetts 

\lberta  &  Ontario 

Saskatchewan 

55,000  to  65,000 

*26%to22% 

Basic  .04,  acid  .05% 

0.05% 

British  Columbia 

.52.000  to  l)2,(K)0 
2fi<-(, 

0.03<^; 

0,04'7 
0.30"^  to  0.60"^ 

53,000  to  65,000 

22% 
0.W% 
0.01% 

May  be  the  sam 
a.s  for  shell 

52,000  to  62,000 
26% 
0.035% 
0.035% 

55,000  to  72,000 
20% 
0.04% 
0.04% 

B  \    May  be  the  same 
1          as  for  shell 

52,000  to  62,000 

*28to23.4% 

Basic  .035,  acid  .04  % 

0,04% 

45,000  to  6.5,000 

25,  26,  or  2S'c 

0.04,  0.03,  or  0  04% 

O.05,  0  04,  or  0  04% 

30  to  .60%;  .30  to  .50% 

May    be    the   same    as   for 
heads 

55,000  to  67,000 

23% 

55,000  to  65,000 

25% 

45,000  to  5.5,(KK) 

28% 

0.04% 

45,0f»  to  55,000 

28% 

0,04% 

52.000  to  62,000 

33,000  maximum 

25% 
46,000  minimum 
26,000  minimum 

22';, 

45,000  to  55,000 

2S% 

.045% 

52,000  to  62.000 

33,000  maximum 

25% 
46,000  minimum 
26,000  minimum 

22% 

55,000  to  65,000 

25% 

62,000  maximum  (oertified) 
t  Not  les,s  than  S  T.S. 

2S  %, 

55,000  minimum 
33,000  maximum 

22  to  25  % 
46.000  minimum 
26,000  minimum 

20  to  22% 

Tsely  as  the  strength  of  the  material,  being  determined  by  dividing  1,450,000  by  the 


sile  strength  {    '  _  ' — ■  land  the  phosphorous  contained  in  the  steel  may  have  a  higher  percentage  when  made  by  the  acid  process  than  when  the  basic  process  is  used. 

either  iron  or  steel.       When  a  certified  report  of  the  material  accompanies 


T.S. 
nd  Massachusetts  rules  do  not  pive 
eport  the  quahties  shall  be  as  given  i: 


allowed  to  be  higher  when  the  steel  is  made  by  the  arid 
process  than  when  the  basic  process  is  used.  It  is  claimed 
that  the  acid  process  makes  a  better  quality  of  steel,  but 
that  it  is  difficult  to  keep  the  pho.sphorus  content  down  as 
low  as  may  be  done  with  the  basic  process. 
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BUTT  JOINT-  TRIPLE    RIVETED 

OMIOStMAbSACHUSETTS      CANADIAN 

I'l.vtk   I.     RivKiKi)   Joints 


The   longitudinal    ,<ei: 
iiinong  the  various  rules, 


II    I.- 


ubject   of  di.sagrconient 
Ohio  requires  the  butt  joint, 


The  Canadian  rules  do  not  prohibit  the  use  of  lap  joints 
but  restrict  their  use  by  penalizing  them  by  increasing  the 
factor  of  safety.  The  butt  joints  allowed  by  the  Canadian 
rules  are  shown  in  Figs,  -i  and  6.  They  do  not  allow  the 
double-riveted  bvitt  joint,  as  shown  in  Fig.  3,  but  require 
that  they  shall  have  both  straps  of  equal  width.  Fig.  3 
is  a  good  kind  of  joint  and  well  adapted  for  use  on  small 
boilers,  while  Fig.  4  is  more  expensive  and  less  efficient, 
owing  to  the  close  spacing  of  the  rivets  in  the  outer  row. 
weakening  the  shell  at  this  line.  Joints,  Figs.  5  and  (i. 
are  essentially  the  same  except  that  Fig.  fi  has  the  inner 
butt-strap  scarfed  to  take  the  rivets  in  the  circumferen- 
tial seam.  Ohio  and  Massachusetts  do  not  require  this, 
nor  do  they  object  to  it. 

There  shmild  be  a  rule  governing  the  distance  between 
the  rows  of  rivets,  as  it  is  possible  to  put  them  so  close 
together  that  the  sum  of  the  two  diagonal  ligaments  be- 
tween the  rivet  holes  will  be  less  than  the  ligaments  be- 
tween the  two  rivet  holes  in  one  row.  A  joint  can  be 
made  which  will  figure  a  higher  efficiency  than  it  pos- 
sesses. The  Canadian  rules  are  rather  cumbersome  and 
involved,  but  they  do  cover  this  weakness  found  in  t^ie 
Ohio  rules.  A  rule  which  requires  that  the  sum  of  the 
two  diagonal  ligaments  between  the  holes  in  adjacent  rows 
shall  he  greater  tjian  tiie  ligaiiient  hctwccn  two  holes  in 
the  same  row  by  ;it  li'iist  ten  per  cent,  is  recomniendcd. 

K'lVKT    lloi-KS 

The  Ohio  rnlcs  i-('(|uire  that  nearly  all  rivet  lioles  shall 
be  drilled  full  size  or  luinched  under  size,  then  drilled  or 
reamed  to  full  size  with  ])lates,  butt  straps  and  heads 
bolted  up  in  j)osition. 

The  Alberta  rules  prefer  rivet  holes  drilled  from  solid 
plates,  but  j)eriuit  jjunching  and  reaming  certain  sizes 
and  are  more  ])ractical  in  this  res])ect  than  the  Ohio  rules 
when  ajijilied  to  riveted  joints  of  standard  construction. 
For  I'ritish  Columbia  all  rivet  holes  must  be  made  per- 
fectly true  and  fair  by  dean-cutting  ]iun('hes  or  drills; 
the  sharp  edges  and  burrs  are  to  be  removed  bv  slight 
counter-sinking  and  burr  reaming. 
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It  is  tlKTefoi'c  suiigi'sti'd  tliat  the  rules  now  in  I'ono  in 
Oluo  and  .Massaclnisctts  be  modified  to  read  that  rivet 
holes,  wheu  punched,  shall  be  14  in-  l^ss  than  full  size 
in  plates  over  %  in.  in  thickness;  ^^  in.  less  than  full 
size  in  jilates  over  %  in.  and  not  exceeding  %  in.  in 
tiiickne-ss :  and  i/^  in.  less  than  full  size  for  plates  %  in. 
in  thickness  and  less.  If  this  modification  of  these  rules 
were  allowed  it  would  bring  the  practical  application  of 
the  Canadian  and  States  rules  to  uniformity. 

In  a  case  where  two  sheets  of  unequal  thickness  are  viv- 
ated  together  in  a  lap  joint,  it  is  recommended  that  the 
imount  the  holes  are  required  to  be  reamed  out  shall  be 
letermiued  by  the  tliinner  plate.  The  thicker  sheet  un- 
ler  the  same  condition  always  is  stronger  than  the  thin- 
ner, and  therefore  does  not  require  any  more  reamed  out. 
When  the  holes  which  come  together  are  the  same  size  it 
makes  fitting  up  much  easier  and  does  not  in  any  way  im- 
pair the  strength  of  the  joint. 

St.vyed  Surfaces 

This  subject  has  been  covered  quite  thoroughly  by  Mr. 
MacDonald,  but  a  few  other  points  may  be  brought  out. 

TABLE    2.      SHOWIXG    COMPARISON    OF    WORKING    PRESSIRES 
ALLOWED  ON  FLAT  SURFACES  WHEN  SCREWED  STAY  HOT.TS 
WITH  RIVETED  ENDS  ARE  ISED 


Thickness   of     Pitch  of 
Plate  Stay  Bolts 

A  45x45" 


BJjBi" 

esxiij" 

7ix7J" 
7Jx7i" 


Area  of 
Surface, 
Sq.In, 

201 

25 
31.64 
37.51 
45.56 
.52  56 
62  02 


Allowable  Working  Pressure,  Lb.  per  .Sq.In 


Ohio  and 
Mass. 
170 
170 
170 
170 
170 
170 
170 


Alberta. 

Ont.  &  Sask. 

138 


205 
213 
228 


British  Col 
222 
245 
2.53 
270 
27-t 


In  this  table,  170  lb.  per  square  inch  is  taken  as  a  work- 
ing pressure  and  the  pitch  as  given  by  the  table  in  tlie 
Ohio  rules.  The  allowal)le  pressures  for  these  pitches  for 
others  are  computed  from  the  formulas  given  in  their 
rules.  It  will  be  noticed  that  Alberta  allows  the  lowest 
pressure  on  the  thin  plates  and  is  more  liberal  on  thicker 
plates,  etc. 

The  subject  of  uneven  and  irregular  spacing  of  stay- 
bolts  is  one  that  is  of  importance  on  medium  and  small 
sizes  of  boilers.  In  laying  out  boilers  of  this  kind  it  is 
often  impossible  to  arrange  tlie  stays  in  uniformly  .spaced 
rows,  consequently  some  provision  should  be  made  for  un- 
equal pitches  and  irregular  spacings  as  is  done  by  the  Can- 
adian formula  which  works  out  so  that  whether  apjilied 
to  regular  or  uneven  spacing,  the  results  will  be  the  same, 
while  for  irregular  spacing  the  area  supported  will  be 
slightly  less  than  with  regular  sjjacing. 


These  rules  allow  the  substitution  of 


for  <S'2 


when  the  horizontal  and  vertical  pitches  are  not  alike. 
Sh  and  Sv  representing  the  horizontal  and  vertical  spac- 
ing of  stays.  This  substitution  with  uneven  spacing  re- 
sults in  a  reduction  of  area  supported  for  a  given  pres- 
sure in  proportion  to  the  variation  between  the  two  spac- 
ings. 

In  case  there  is  a  portion  of  a  boiler  which  does  not  per- 
mit of  regular  or  uneven  spacing  of  staybolts  the  laws  in 
the  Canadian  Provinces  allow  the  sulistitution  of 

in  which  j^^  and  ijtS.^  are  the  diagonal  distances  between 
■centers  of  staybolts. 

The  Ohio  and  Massachusetts  rules  do  not  provide  for 
iiregular  spacing,  but  require  that  the  pressure  shall  be 
figured  from  the  greatest  pitch. 


The  difference  in  the  results  obtained  by  the  variou.- 
formulas  can  best  be  compared  by  referring  to  Plate  II. 
in  which  tlie  u]>]:)er  figures  1,  2  and  3  represent  equal  areas 
with   the   results   as    obtained   by   the    various   formulas 

EQUM  AREAS  ON ''/^a  IN    PLATE  .WORKING    PRESSURES  .COMPARED 
Area-.  "   20^   Sa.In 


^e 


Yforkina  Press. 
Ohio  170  lb. 
Alberta  JSaS  lb. 
br&ish  Col. 

Fl&l 


e 


Working  Press. 
Ohio  IPIIb. 
ilberfaHi.Slb. 
&rifi5h 
Columbia 
215.2  !b  ^ 


FI6.a 


3%- 
Workihg  Pres- 
Ohio  110  lb. 
'Mberfa  137  6lh^ 
brifish   Col 
22 1. -fib. 

PIS  3 


^e 


EQUAL  WORKING   PRESSURES   OF   170  LB.  PER   SQ.IN 
ARE-AS   FOR  5<j^  I  N.PLATE  COMPARED 
OHIO    AND    MASSACHUSETTS 


%- 


■e 


4-'"! 

Area'  ?0i6q./n. 
I^equlcr  Forrruin 


Q 


^ 


T*rr/ — 'o. 

;    p    -?f3A;    -^ 

~      \Arva'&56ci!n.^ 

•S'     I  I 

^     \Proposed       | 
''■     I  Formula         \ 

\        ■^ftSv'  66(trl£A 

I  -Jn?    "~p7i- 

-'         FI6  5      -' 
ALBERTA. 


Jw 


■Wi  ' 


1     •^-         /•■      > 
I       "^  .'ilrsa  \ 

1     ..^b^        ■•S'7'H 


'S' 


FIS.6 
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-e 


Area  l&47oq.!n. 


„  -"  hcK  Area 


^0 


--5.I4S. 
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shown  thereon.  In  Figs.  2  and  3  8,  for  Ohio  must  be 
taken  from  the  greatest  distance,  which  accounts  for  the 
low  pressures  .shown  thereon.  In  the  lower  Figs.  4  to 
13,  the  comparison  is  made  with  equal  pressures,  (170 
lb.),  the  diagrams  being  each  drawn  to  the  same  scale 
and  the  number  of  square  inches  shown  thereon,  give  the 
comparison  of  areas  as  figured  by  the  various  rules.  Ee- 
ferring  to  Figs.  5  and  6,  Ohio  and  Massachusetts  give 
no  rule  for  figuring  these  areas,  but  we  have  for  Fig.  5 


substituted 


-    -   ,  tor  jS  '■ 


•       .1  I  ^'  I  V-  ^'   X    ^^   +   1)'      ,     A 

m  tlie  regular  rormula      >  -  = p ~ f-  o 

the  same  as  alloMfd  in  the  CiniMdi:i]i  rules — then  the  for- 


um hi  for  FIm'.  5  becomes 


<V/r-f,sV-        C  X  (/  -F  1)- 

•I  r 


+ 


111  actual  practice  one  of  these  dimensions,  either  Sfi 
or  Sv,  will  be  predetermined  so  that  it  is  only  necessary 
to  solve  for  the  other. 


•To    asiee    with    the    text    read    (j.S,    for    aSl,     jS.    for    aS2 
Sh     for    Sh    and    Sv     for    Sv    in    this    plate. 
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Fur  Fig.  6,  irregular  spacing,  we  liave  substituted 
d'"^    +     d'^-)'  i"r  '^'"  '*"^'  ^hs  t'ormula  for  this  case  becomes 

In  practice  the  sum  of  the  two  distances  ^S^  -\-  (^^'.. 
will  usually  be  used  in  laying  out  the  staybolts,  and  it  is 
only  necessary  to  see  that  the  sum  of  these  two  distances 
does  not  exceed  the  sum  of  the  diagonals  of  the  square 
diagram  as  shown  in  Fig.  4.  If  one  diagonal  is  prede- 
termined the  other  may  be  calculated  easily. 

After  using  the  Canadian  formulas  in  laying  out  several 
sizes  of  boilers  and  making  careful  comparisons  of  the 
pressures  allowed  by  the  varioiis  rides,  it  is  recommended 
that  these  substitutions  in  place  of  S^  for  imeven  and  ir- 
regular spacing  be  allowed  in  all  of  the  rules. 

The  distance  in  inches  which  the  head  is  considered  as 
su[)ported  from  the  shell  and  tubes  is  given  in  Table  3  for 
iieveral  thicknesses  of  plate  and  170  lb.,  working  pressure. 

T.\BLE  3 

Distance    Distance  from  Center 
Distance  from  Shell  from  Out-  of  Tube 

Thickness        Ohio,  Alberta,        British    Bide  of  Tube,  Alberta,        British 

of  Plate  Maso.       Ont.,  Sask.  Columbia  Ohio,  Mass.  Ont.  Sask.  Columbia 


In. 


In 
2.02 


In. 


In. 


In. 
2..W 


2,57-f-Rad.  2  2J 
at  fiance 

;                      3                  2.44        3In.-i-R"  2  2  44  3 

A                   3                 2.84       3  42+R"  2  2.69  3.42 

!                     3                 3.24       3.8.5+R"  2  3  24  3.85 

A                    .-(                  3.6.T        4.28+R"  2  3  Go  4.28 

;                      3                  4.06        4.71+R"  2  4  Oli  4  71 

H                    3                  4.46        5.15-(-R"  2  4  46  .5.15 

It  will  be  noticed  that  the  distance  allowed  by  Ohio 
is  the  same  for  any  thickness  of  plate  and  for  all  pres- 
sures. The  Canadian  formulas  take  into  consideration 
the  thickness  of  plate  and  the  pressure  so  the  distance 
changes  with  these  two  terms.  Notice  also  that  the 
British  Columbia  rules  allow  the  addition  of  the  curve 
at  the  flange  while  none  of  the  other  rules  take  this  into 
account.   This  curve,  no  doubt,  gives  support  to  the  head. 

The  heads,  used  on  locomotive-tyjie  boilers  are  shown  iu 
Plate  III;  Fig.  1,  shows  the  portion  of  the  rear  head 
which  is  considered  supported  by  the  shell  according  to 
the  several  rules  while  Fig.  3  shows  the  similar  parts  of 
the  tube  sheet.  The  inner  crescent-sha]iod  part  being 
the  area  which  is  to  be  supported  by  stays  or  braces. 

The  Ohio  rules  make  no  mention  of  doubling  plates, 
but  some  provision  should  be  made  in  all  the  rules  for 
the  added  strength  obtained  by  their  use,  as  is  done  in 
the  Alberta  rule.s,  where  the  thickness  of  plate  in  the 
formula  is  taken  as  75  per  cent,  of  the  combined  thick- 
ness of  the  two  plates,  when  tlie  doubling  plate  is  se- 
curely riveted  to  the  head. 

Staybolts,  Thkouuu  Stays  and  Diaooxal  Braces 

The  maximum  stress  per  square  inch  allowed  by  the 
various  rules  is  given  in  the  table  which  follows: 

TABLE  4 

1^88  than     Over  li 
U"  Di«.  liSq.In.    S<|.In.  Net        Not 

and    under,  Over  IJ"     Net  .Sect.    Sect.  Area,  Worked  in 
Ohio  and    Dia.,  Ohio    Area,  Al-      Alberta,     Fire  (Any 
Kind  of  Stay  Miiia.       and  Ma».s.  berta,  Ont.,  Ont.  and     Dia)  B.C. 

and  .Material  I,b.  Ll>.         Sank.,  Lb.   Sask.,  Lb.         Lb 

•Stay  bolt.«,  rnild  st.-4l, 

weldleKS r,.->llO  7IKKI  KOOO  nOOO  fKXX) 

Slay  bolls,  wrouKhtiron, 

weUllewi tl.VK}  7(K)0  7IXK)  7(XI()  7(X)0 

ThrouKh     ntaya,     atei'l 

wildlew) SOOO  jNIIKI  SIKXI  IIIXK)  BfXXI 

Thr'iuKh  stavfi,  wrouelit 

ir'in,  weldleiw 7(KKJ  75(X)  7000  7000  7(KI0 

Diaiiiinal    or    crowfoot 

braces,  steel,  weldless       7.VH)  80(W  8000  flOOO  IKKX) 

DiaKonal    or    crowfoot 
braces,  wrought  iron, 

weldlcsa (i.lfK)  7000  7000     '  700O  7(HKI 

•In  Ohio  and  Maaaachusetts  if  a  certified  report  of  the  physical  properties  of 
weldlesa  stays  or  stay  bolls  ig  filed  with  the  data  leport,  Ihe  maximum  allowable 
stress  of  such  slays  may  be  based  on  a  factor  of  safety  of  six  anil  five-lenth"  (6.5) 


111  the  Canadian  proxiiices  the  angularity  of  the  diag- 
onal braces  must  be  taken  into  account  when  figuring 
the  load  on  them  while  in  Ohio  and  ^Massachusetts  there 
is  a  reduction  made  in  the  maximum  stress  allowed, 
•wliich  is  intended  to  cover  the  increase  iu  strain  due  to 
this  angularity.  According  to  all  of  the  laws  under  con- 
sideratitm  threaded  staybolts  with  riveted  ends  are  ap- 
proved. For  through  stays,  Ohio  and  Massachusetts  do 
not  specify  in  the  printed  rules  any  regular  way  of  at- 
taching them,  but  the  Board  of  Boiler  Eules  in  Massa- 
chusetts has  made  the  requirement  that  all  through 
stays  shall  have  n\its  on  the  inside  and  outside  of  heads. 
In  the  Canadian  provinces  the  through  stays  must  have 
nuts  on  the  outside  and  the  ends  are  not  allowed  to  be 
riveted.  If  nuts  are  placed  on  the  inside  of  the  plates 
a  greater  constant  is  allowed  iu  figuring  the  working 
pressure  on  the  heads. 


Saskatchewan 
Srrtiitl 
Columbia 


Ohio  &  Massachuseifs 
A/t>erfa& 


// yArva  io  be  ^"PP°rf^''^^^\^\^''J^t'Lhi^ 
/,      /   is  inside  dotted  lines    \    A     '     '^ '""   '" 


Plate  III.    Area  to  Be  Stayed 

Steel  angle  and  tee  bars  arc  not  allowed  to  be  used 
to  support  the  segments  of  heads  on  boilers  over  3(5  in. 
in  diameter  and  carrying  a  j)rossure  of  over  100  lb.  per 
.square  inch. 

IIandiioles  and  Otjikh  Oi'enings 

All  of  the  rules  require  that  in  the  locomotive  type  of 
lioilcr  there  shall  be  at  least  six  handholes  located  sub- 
stanfially  the  same. 

In  addition  to  the  six  handholes  mentioned  the  Can- 
adian rules  require  that  there  shall  be  six  washout  plugs 
in  a  boiler  or  that  the  total  number  of  handholes  and 
washout  plugs  combined   .shall  be  at  least  twelve. 

The  Ohio  and  ^Massachusetts  rules  do  not  require  the.se 
washout  l>lugs.  It  would  be,  however,  advisable  on  this 
tyi)e  of  boiler  to  require  a  washout  hole  at  or  near  the 
waist  seam  on  top  of  tiie  boiler  and  anotlier  in  the  front 
tube  sheet  above  the  tubes  or  in  the  shell  sheet  near 
this  tube  sheet,  omitting  the  other  four  required  by  the 
Canadian  rules. 

The  Ohio  rules  require  tliat  an  opening  for  a  threaded- 
pi])e  connection  shall  not  have  less  than  the  miiiimuin 
inunbnr  of  threads.  ,ts  shown  in  Table  5. 
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()  w 
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size  of  pipe  connection  in 

inches 1  ami  IJ 

No.  of  t hre.nis  per  inch  Hi 

of   threads 


vquired     to       0.34S" 
no.  of  thds.    (0.375"  = 
i") 


material 
give  above 


O.M,y 

(I)  437.i" 

A") 


If  the  thickness  of  material  iu  the  hoiler  is  not  siifh- 
tient  to  g\ye  such  nuniher  of  threads,  there  shall  be  a 
standai-d  Hange,  or  .-;teel  plate,  substantially  riveted  to 
the  boiler  to  give  the  required  number  of  threads. 

By  the  Alberta  rules  the  boiler  shall  be  reinforced  with 
a  plate  securely  riveted  to  the  shell,  and  threads  full  size 
through  both  plates,  and  the  pipe  fitting  tightly  in  both. 
I  consider  the  rides  of  Ohio  in  regard  to  pipe  openings 
superior  since  the  thickness  of  the  plate  determines 
whether  the  o]HMiiug  shall  be  reinforced  or  not. 

Steam  Domes  ox  Cyi^inurical,  Shell  of  Boilek 

The  Ohio  rules  make  but  little  mention  regarding 
domes  ou  a  boiler,  but  do  require  that  when  a  dome  is  to 
be  used,  there  shall  be  a  working  drawing  of  the  same 
submitted  to  the  department  of  inspection  for  approval. 

The  rules  of  Massachusetts  are,  in  the  opinion  of  the 
writer,  rather  iibsurd  when  aj^plied  to  small  boilers  in 
view  of  the  fact  that  no  consideration  is  taken  of  the 
factor  of  safety  which  the  joints  figure  or  the  working 
pressure  which  is  carried,  neither  is  there  any  consid- 
eration taken  of  the  size  of  the  dome. 

The  writer  commends  the  method  of  reinforcing  the 
openings  in  the  shell  under  the  dome  as  required  in  the 
Alberta  and  Saskatchewan  rules. 

The  single-riveted  lap  seam  should  he  allowcil  on  the 
flange  of  a  dome  when  the  tensile  strength  of  the  rivets 
has  a  factor  of  safety  of  not  less  than  ten  when  calculated 
from  the  lifting  force  of  the  steam  acting  ou  the  area 
inclo.sed  by  the  rivet  circle;  and  on  the  vertical  seam  of 
the  domes,  the  single-riveted  la])  joint  should  be  allowed 
when  the  inside  diameter  does  not  exceed  ](>  in.,  ])ro- 
viding  the  factor  of  safety  of  said  joint  shall  be  at  least 
S  and  the  double-riveted  lap  joint  be  allowed  when  the 
diameter  is  not  over  24  in.,  providing  the  factor  of 
safety  of  said  joint  shall  be  at  least  7. 

Hydrostatic  Pressure  Test 

The  hydrostatic  pressure  test  of  one  and  one-half  times 
the  working  pressure  is  required  to  be  made  on  all  boilers 
which  are  built  or  inspected  under  all  of  the  laws  which 
are  being  considered. 

Safety  Valves 
Sjjring  loaded  safety  or  pop  valves,  nearly  alike,  ai'e  re- 
quired by  all  of  the  rules,  to  be  connected  to  every  boiler 
independent  of  any  other  steam  outlet;  no  .stop  valve 
being  allowed  iu  the  connection.  In  Ohio  and  Massa- 
chusetts these  valves  must  have  the  stem  connected  di- 
rectly to  the  disk  of  the  valve  and  be  provided  with  a 
lifting  device  so  the  disk  can  be  lifted  from  the  seat  with 
the  spindle,  while  the  rules  of  the  Canadian  provinces 
require  a  pop  valve  with  a  lifting  gear  provided  to  ease 
the  valve. 

Steam  Gage 

A  steam  gage  and  siphon  are  required  ou  every  hoiler 
by  all  of  the  rules,  and  the  steam  gage  shall  be  attached 
to  the  boiler  in  such  a  way  that  the  steam  cannot  he 
shut  off  from  it  except  by  a  stop-cock. 


The  Ohio  rules  do  not  specify  the  size  of  water  col- 
umns to  be  used,  but  limit  the  minimum  size  of  pipe 
connections  to  one  inch;  neither  do  they  require  shut- 
off  valves  iu  pipe  connections  to  the  boiler.  At  least 
three  gage-cocks  are  required  on  all  boilers  carrying  a 
pressure  of  over  25  poimds  per  square  inch. 

The  Canadian  rules  require  that  the  internal  diameter 
of  the  water  column  shall  be  2  and  8  in.,  respectively, 
for  certain  sizes  of  boilers.  Straightway  valves  or  cocks, 
must  be  placed  on  the  pipes  connecting  the  water  eolunm 
to  the  boiler  and  two  gage-cocks  are  required  on  boilers  :iO 
in.  in  diameter  and  umler,  and  tlircc  when  the  diameter 
exceeds  'SO  inches. 

I  consider  three  gage-cocks  are  unnecessary  ou  small 
boilers  and  the  Alberta  rule  is  good  in  this  respect. 
Putting  stop  valves  in  pipe  connections  to  the  water  col- 
umn is  considered  poor  practice  as  these  valves  may  be 
inadvertently  closed  and  thus  be  a  source  of  danger. 
Where  these  valves  have  been  used  they  are  generally 
found  to  be  moi-e  of  an  annoyance  than  a  safety  device. 

From  the  points  that  have  been  mentioned  and  com- 
parisons that  have  been  made  it  will  be  understood  to  he 
difficult  to  manufacture  stock  boilers  that  will  pass  the 
laws  of  the  various  states  and  provinces. 

Tlicre  is  an  ever  increasing  demand  for  boilers  that 
will  be  allowed  to  operate  under  any  of  the  laws,  from 
])urchasers  who  are  doing  contract  work  in  various  parts 
of  this  coimtry  as  well  as  in  Canada.  To  meet  this  de- 
mand the  manufacturer  has  often  appealed  to  those  in 
authority  for  a  modification  of  their  rules,  but  has 
nearly  always  found  them  arbitrary  in  their  decisions 
and  seeming  to  refiise  to  approve  points  of  good  con- 
struction without  explaining  their  objection,  simply  .say- 
ing that  ''the  rules  do  not  provide  for  such  construction." 
For  example.  Alberta  has  refused  to  accept  boilers  with 
the  double-riveted  butt-strap  joint,  as  shown  in  Plate  I, 
Fig.  3.  Likewise,  Massachusetts  has  arbitrarily  ruled 
against  other  features  of  good  construction,  simply  be- 
cause they  were  not  approved  by  the  Board  of  Boiler 
Rules. 

There  will  be,  no  doidjt,  a  great  variance  of  opin- 
ions on  many  of  the  points  covered,  but  the  writer's  in- 
tention has  been  to  touch  on  the  points  of  most  impor- 
tance brorxght  to  mind  in  his  efforts  to  design  standard 
boilers  manufactured  as  stock  to  be  shipjied  into  any 
conimouwealth  haviucr  boiler  laws. 


The  New  Engla"nd  Association  of  Commercial  Engineers, 
Willi  headquarters  in  Boston,  has  planned  a  machinery  ex- f 
change  or  bourse  in  this  city,  where  manufacturers  and  ( 
agents  handling  power-plant  equipment  and  material  mayj 
secure    space    to    exhibit    and    demonstrate    their    goods. 

The  association  is  considering  three  floors  in  a  large  mer- 
cantile building  midway  between  North  and  South  stations.  I 
The  floor  area  is  ample  for  one  hundred  spaces,  some  with! 
private  offices,  and  assembly  hall,  two  smaller  halls,  lounging:! 
room,  library,  coinmittee  and  consultation  rooms.  The  aimlj 
ts  to  give  all  the  possible  advantages  of  a  club,  with  businessj 
possibilities.  It  is  proposed  to  have  the  halls  used  by  the! 
many  engineering  societies,  making  it  the  engineering  head-j 
quarters  of  New    England. 

In  its  circular,  the  association  requests  those  interested! 
to  communicate  with  Herbert  E.  Stone,  53  Equitable  Build-' 
ing.   Boston,   Mass. 


September  23,  1914 
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On  Sept.  6  and  7,  the  Wisconsin  State  Convention  was  held 
in  Milwaulcee,  at  the  Republican  House.  As  it  preceded  the 
National  convention  in  the  same  city,  many  of  the  delegates 
were  on  hand  to  attend  the  big  event  of  the  year.  John  A. 
Wicivert,  chairman  of  the  local  committee,  opened  the  con- 
vention on  Sunday  afternoon.  Tlie  address  of  welcome  was 
given  by  Henry  J.  Mistele,  and  A.  Gunderson  responded, 
praising  Milwaukee  as  a  convention  city  and  thanking  the 
local  committee  for  its  good  work.  He  reviewed  tlie  work 
of  the  past  year  and  offered  some  valuable  suggestions  fc 
the  improvement  of  the  organization. 

National  Secretary  Raven  spolie  of  the  advantages  of  get- 
ting together  and  of  tlve  improvement  in  state  conventions. 
He  referred  to  the  work  being  done  to  secure  state  license 
and  inspection  laws  and  of  money  to  be  appropriated  for 
educational  work.  The  secretary  made  a  special  appeal  for 
the  careful  and  judicious  selection  of  officers,  as  the  proper 
kind  of  men  would  set  an  example  to  their  successors,  and 
by  their  energy  and  zeal  in  office  insure  the  success  of  the 
organization   they  represent. 

Fred  Ruck,  vice-president,  responded  to  the  secretary.  He 
enlarged  upon  the  benefits  which  can  be  derived  from  tlie 
association,  and  emphasized  the  fact  that  the  primary  object 
of  the  association  was  to  carry  on  educational  work  and 
enact  state  license  and  inspection  laws.  He  reviewed  efforts 
in  the  past  which  liad  resulted  in  failure,  but  reminded  the 
delegates  that  plants  were  getting  large  and  the  question 
asked  today  was  not  whether  a  man  could  keep  the  plant 
running,  but  what  were  his  accomplishments?  At  what 
efficiency  could  he   run  the   plant?     This  advancement  in   re- 


quirements by  the  owner  will  gradually  pave  tne  way  for  the 
passage  of  license  and  inspection  laws,  as  the  owner  will 
realize  that  the  laws  will  be  to  his  advantage  in  securing  a 
competent  engineer. 

The  meeting  was  then  turned  over  to  President  Gunder- 
son, who  favored  more  advertising  for  the  association.  Money 
should  be  set  aside  to  defray  tlie  expense  of  traveling  and 
correspondence  by  the  state  deputy.  All  engineers  in  the 
state  sliould  know  of  the  work  the  organization  is  doing.  A 
personal  visit  will  often  stir  up  enthusiasm  and  result  in  a 
new  local. 

Committees  were  appointed  and  routine  business  followed. 
The  secretary  reported  a  gain  in  membership  of  from  520 
to  542  (a  net  gain  of  22)  during  the  year.  The  financial  con- 
ditions, as   reported   by   the   treasurer,   were    flourishing. 

At  tlie  second  and  last  session,  Monday  morning,  there  was 
considerable  discussion  on  mileage  and  missionary  work  to 
arouse  interest  in  the  association,  and  increase  the  enthu- 
siasm  of  some   of  the   locals  already   organized. 

George  H.  Wallace,  of  Racine,  pointed  out  that  interest  in 
the  home  organization  was  necessary  for  tlie  success  of  the 
local,  and  indirectly  the  success  of  the  national  body.  He 
outlined  methods  followed  at  Racine,  which  had  resulted  in 
an  average  attendance  of  65  per  cent,  of  the  membership  and 
9S   per  cent,  on   election  nights. 

Sheboygan  was  cliosen  as  the  convention  city  for  1915, 
and  the  following  officers  were  elected:  Fred  Ruck,  of  Mil- 
waukee, president;  Charles  Bindrich,  of  Milwaukee,  vice- 
president;  Robert  Fenn,  of  Slieboygan,  secretary;  John  No- 
votny,  of  Madison,  treasurer;  G.  H.  Wallace,  of  Racine,  con- 
ductor; A.  C.  Willert,  of  Manitowoc,  doorkeeper,  and  Charles 
Cahill,  of  Milwaukee,  state  deputy. 
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From  Sept.  7  to  12  the  National  Association  of  Stationary 
Engineers  held  its  thirty-second  annual  convention  at  Mil- 
waukee. The  biggest  and  best,  was  the  unanimous  verdict 
of  those  attending.  The  exhibits  presented  an  unusually 
attractive  appearance  and  "were  greater  in  number  than  ever 
before.  Tlie  attendance  was  good  and  the  entertainment 
gave  evidence  of  a  master  hand.  Little  touches  here  and 
there  and  the  unusual  at  the  right  moment  enhanced  an 
excellent  program.  The  chairman  of  the  local  committee, 
and  in  fact  nearly  every  member  of  the  N.  A.  S.  E.  in  Mil- 
waukee, were  on  the  job  every  minute  of  the  convention. 
That  their  work  was  well  done  every  delegate  and  visitor  will 
agree,  and  it  is  safe  to  say  that  Milwaukee  will  long  be 
remembered  as  the  banner  convention  city.  The  Auditorium, 
with  its  numerous  halls  and  committee  rooms,  offered  every 
facility  for  the  convention.  The  exhibits  were  displayed  in 
the  large  amphitheater  on  the  main  floor,  the  business  ses- 
sions were  held  in  an  adjoining  hall,  the  grand  ball  on  the 
floor  above  and  the  field  day  sports  on  a  track  in  the  base- 
ment. 

Monday,  Sept.  7,  was  given  over  to  the  reception  of  dele- 
gates and  visiting  engineers.  John  C.  Foote  and  the  con- 
vention band  were  in  evidence  as  they  met  the  various 
delegations  and  escorted  them  to  the  hotels  of  the  city. 
Delet'-ites  registered  and  badges  were  distributed.  In  the 
evening  the  mechanical  exposition  was  officially  opened,  with 
John  A.  Wickert,  chairman  of  the  local  convention  committee, 
presiding.  J.  P.  Kcenan,  secretary  of  the  Citizens  Business 
League,  ^velco.T.3d  the  conventioners  to  the  city  znvl  wished 
them  every  suc^.  •?.  He  outlined  briefly  the  great  industries 
of  the  city  and  invited  the  delei-ates  to  look  them  over.  Homer 
Whelpley,  president  of  the  National  Exhibitors'  Association, 
appreciated  the  efforts  of  the  local  committees  and  was 
jdeslrous  for  a  large  attendance  of  local  engineers.  Natlona? 
Vlce-I'rcsident  Ray  spoke  of  the  value  of  the  exhibits  as 
an  educational  feature.  A  careful  study  of  the  various 
appliances  would  result  In  a  great  deal  of  good,  as  the 
latest  and  best  In  power-plant  equipment  could  be  seen 
under  one  roof.  President  Coe  officially  opened  the  exhibi- 
tion. 

OFFICIAL  OPENING 

Tuesday  morning  the  convention  was  officially  called  to 
order  by  John  A.  Wickert,  who  briefly  referred  to  the  efforts 
made  in  bringing  the  convention  to  Milwaukee.  The  present 
(fathering  was  compared  to  the  conventions  of  18S8  and  1900 
field  in  Milwaukee.  Rev.  W.  T.  Dorward  offered  the  Invoca- 
tion  and   Gov.    F.    E.    McOovcrn    was    Introduced.      In    his   ad- 


dress of  welcome  the  governor  declared  that  the  invention 
of  James  Watt  in  1769  had  benefited  civilization  more  than 
the  accomplishments  of  Wellington  or  Napoleon.  Watt's 
genius  and  the  sagacity  of  his  partners  marked  the  begin- 
ning of  the  end  of  household  manufacture  and  inaugurated 
the  era  of  steam,  which  has  been  responsible  for  the  tre- 
mendous development  of  tlie  industries.  The  governor  spoke 
of  the  efforts  of  the  state  to  secure  compensation  to  the 
workmen  for  industrial  accidents.  He  favored  state  license 
and  inspection  laws  and  offered  to  cooperate  with  the  asso- 
ciation in  bringing  the  matter  before  the  legislature.  Presi- 
dent Coe  made  a  suitable  response  and  Mayor  Bading  wel- 
comed the  delegates  to  the  city,  pointing  out  its  industries, 
beautiful  parks,  recreation  features  and  above  all  the  strong 
yet  well  balanced  spirit  of  personal  liberty  which  ruled 
the  city.  The  mayor  believed  that  the  licensing  of  engineers 
should  be  a  state  function  and  not  that  of  a  city.  National 
Vice-President  Ray  thanked  the  state  and  city  executives 
for  their  cordial  welcome,  outlined  the  objects  and  ideals 
of  the  association  and  concluded  with  a  fitting  tribute  to 
Milwaukee. 

W.  G.  Bruce,  secretary  of  the  Merchants  and  Manufactur- 
ers' Association,  recounted  briefly  the  historic  and  civic 
peculiarities  of  the  city.  "Efliciency  should  be  the  keynote 
of  the  organization"  were  his  parting  words.  It  is  this 
factor  which  has  made  Milwaukee  one  of  the  largest  manu- 
facturing centers  and  in  the  shadows  of  Chicago  Increased 
her  population  from  a  few  scattered  settlers  to  a  city  of 
400,000  In  the  past  eighty  years. 

Past  President  McGrath  linked  the  convention  city  with 
the  names  of  Reynolds  and  Hollis  and  spoke  of  the  wonderful 
transition  :;aused  by  steam.  The  work  of  the  association  was 
beaiin^  4:ruit,  and  no  better  proof  was  needed  than  the 
personnel  of  the  audience. 

Chairman  Wickert  presented  President  Coe  with  a  silver- 
banded  gavel.  The  latter  assumed  the  chair  and  after  the 
appointment  of  the  usual  committees  the  session  adjourned 
for    the    official    photograph. 

OFFICIAL    REPORTS 

The  afternoon  session  was  devoted  to  oflicial  reports 
of  the  national  president,  secretary,  treasurer  and  license 
and  educational  committees.  The  president  reviewed  the 
work  of  the  past  year  under  the  headings:  Education,  Li- 
cense Legislation,  "The  National  Engineer,"  State  Associations 
and  National  Calendar,  ending  with  the  following  seven 
recommendations: 

"First:     That   the  advisory   board   In   conjunitlon   with    the 
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National  educational  committee  and  under  the  suiieivision 
of  the  president,  be  allowed  to  spend  a  sum  not  to  exceed 
$2000  for  the  completion  of  all  slides  under  way  and  to  pre- 
sent a  policy  that  will  demonstrate  the  true  value  of  such 
a   system,  and   the   other  work   for  the   coming   year. 

Second:  That  a  committee  be  appointed  by  the  National 
president  to  work  in  conjunction  with  the  local  convention 
committee  on  a  program  that  will  establish  a  uniform  stan- 
dard of  procedure  and  in  this  way  assist  the  smaller  states 
to  accomplish  greater  results.  Also  that  a  standard  badge 
be    adopted    for    state    committees. 

Third:  That  tlie  legislative  committee,  under  the  super- 
vision of  the  National  president  be  allowed  a  sum  not  to 
exceed  $2000  for  the  carrying  out  of  an  ambitious  policy  of 
license  and   boiler  inspection   laws. 

Fourth:  That  an  amendment  as  introduced  by  No.  1 
relating    to    nonresident    members    be    approved,    as    this    will 


Second,   $50 — Martin   O'Connor,  Wisconsin,   No.   1. 
Third.    $30 — Joseph   Collins,   Massachasetts,   No.    17. 

KLEMENTARY  CONTEST 

Fiist,    »oO — John    E.    Jamboe,    Wisconsin,    No.    18. 

Second,    $30 — Harry    Swindler,    Ohio,    No.    50. 

Third,   $10 — Robert  R.   Prey,  Ohio,  No.   42. 

Following  last  year's  plan,  the  committee  again  offered 
four  prizes  to  associations  which  held  the  best  meetings 
from  an  educational  standpoint,  the  conditions  being  that  the 
secretary  should  send  a  synopsis  of  the  lecture  or  talk,  the 
number  taking  part  in  the  discussion,  percentage  of  member- 
ship present,  etc.  Seven  associations  sent  in  reports  of  24 
meetings  as  compared  to  two  associations  and  three  repora 
last  year.  Announcement  of  rewards  was  reserved  for  a 
later  date.  The  information  bureau  had  answered  To  ques- 
tions   ihirinir    the    last    year    and    a    great    deal    of    time    and 
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allow  your  national  officers  a  greater  leeway  to  increase 
our   membership   and   revenue. 

Fifth:  That  w'e  do  not  continue  the  return  dividend  to 
the  associations  as  no  indications  are  apparent  that  the  same 
has  increased  our  income  from  our  paper,  increased  the  mem- 
bership or  increased  the  allO"wance  to  delegates  from  the 
association;  and  in  its  place  would  recommend  that  $5000 
be  set  aside  for  propaganda  work  to  be  expended  in  five 
states  selected  by  the  convention  or  the  National  president. 
And  for  the  carrying  out  of  this  work  a  member  be  selected 
who  has  had  a  broad  experience  in  the  details  of  our  organ- 
ization, and  one  who  will  devote  all  of  his  time  to  this  and 
other  work  as  designated  by  and  under  the  supervision  of 
the  National   president. 

Sixth:  That  all  slides  and  property  of  the  advisory  and 
educational   committees  be   insured. 

Seventh:  Th.at  the  present  policy  of  bonding  our  funds 
in    bank    be    continued. 

Ifetional  Deputy  and  Vice-President  Ray  reported  twelve 
new  associations.  Dues  to  troubles  experienced  by  state 
deputies  with  corresponding  secretaries  of  state  subordinate 
associations  be  recommended  a  committee  of  three  be  ap- 
pointed  to   devise   a   svotem   of   keeping   suitable   records. 

Secretary  Raven's  report  was  bound  in  a  24-page  booklet 
covering  all  dscails  of  business  transacted,  increase  of  local 
organizations,  list  of  new  associations,  etc.  The  total  mem- 
bership is  now  22, lis.  The  report  of  the  National  treasurer 
showed  expenditures  of  nearly  $40,000  and  a  reduction  of 
the  treasury  balance  to  $20,000. 

The  National  educational  committee  gave  a  full  report. 
Their  work  followed  as  closely  as  possible  the  suggestions 
given  by  last  year's  committee.  In  the  prize  question  and 
answer  contest  from  Jan.  1  to  Apr.  1,  44  papers  were  pre- 
sented, 25  in  the  elementary  and  19  in  the  advanced  contest. 
The   prizes  were   awarded   as   follows: 

ADVANCED    CONTEST 
First,    $7.5 — Romeo  A.    Grise,    Connecticut,   No.    7. 


money  had  been  spent  in  getting  up  sets  of  lantern  slides 
for  educational  purposes.  Details  as  to  number  and  character 
of  the  slides  "vvere  given  and  recommendations  were  made 
for   a    continuation   of   the   work. 

Kentucky  and  New  Jersey  were  the  only  states  heard  from 
on  contemplated  legislation.  In  the  former  a  license  bill  was 
defeated  and  in  New^  Jersey  the  necessary  appropriation  for 
financing  the  engineers'   license  department  was  secured. 

Wednesday  morning  session  was  given  over  to  routine 
business,  the  presentation  of  other  decorations  to  associa- 
tions making  gains  of  over  20  and  silk  flags  to  those  adding 
more  than  10  members.  For  the  former  IS  were  eligible, 
Ohio  No.  21  leading  with  a  gain  of  151.  Flags  were  awarded 
to   17  associations. 

On  Thursday  the  credential  committee  reported  that  411 
delegates  were  in  attendance.  The  mileage  was  311,648,  and 
at  5c.  a  mile  would  amount  to  $15,584.40.  The  trustees  of 
"The  National  Engineer"  reported  a  total  volume  of  business 
of  $S6,470  and  a  production  of  revenue  for  the  association  of 
$17,300.  A  resolution  calling  on  the  president  to  appoint  a 
representative  to  attend  the  meeting  of  the  American  Society 
of  Mechanical  Engineers  dealing  with  the  standardization  of 
laws  pertaining  to  the  construction  and  operation  of  steam 
boilers  was  adopted.  At  the  close  of  the  session  the  annual 
memorial  service  was  held.  During  the  past  year  ISO  mem- 
bers   had    passed    away. 

At  the  meeting  of  the  Life  and  Accident  Department, 
James  G.  Beckerleg,  of  Chicago,  was  reelected  chairman  of 
the  board  of  trustees,  W.  M.  Brainerd  was  elected  as  a 
member  and  J.  D.  Taylor,  of  New  York  City,  was  reelected 
secretary-treasurer  at  a  salary  of  $1200  per  year.  The  policy 
holders  total  about  2200. 

On  Friday  the  ways  and  means  committee  recommended 
$2500  for  the  educational  work  next  year,  and  $2000  to  the 
license  committee  for  a  comprehensive  campaign.  Both  pro- 
posals were  adopted.  The  contract  for  printing  "The  National 
Engineer"  for  a  period  of  five  years  beginning  February, 
1915,  was  reawarded  to  the  Mechanical  Press  of  Chicago. 


Sqiieiulwr  22,  1914 


P  O  W  E  R 


4;30 


(_)Iticers  of  the  Ladies'  Auxiliary  ■were  escorted  to  tiie 
platform  and  welcomed  by  ^'resident  Coe.  Response  was 
made  by  President  Sophie  Whelan.  She  reported  12  pension- 
ers on  the  list,  each  receiving  $15  per  month.  It  was  her 
earnest  plea  that  this  amount  be  increased  to  $20  or  even 
$25  per  month.  Mrs.  Margaret  Plynn,  secretary,  read  the 
financial  statement.  In  September  of  1909,  the  auxiliary  had 
$3975.70,  since  then  $S962.75  had  been  received  and  $55s9.69 
had  been  paid  out.  Jlrs.  Gertrude  Hunt,  vice-president,  grave 
a  brief  address  and  the  treasurer,  Mrs.  Emma  M.  Stone, 
told  of  the  great  good  accomplished  by  the  pension  fund. 
A  committee  appointed  to  take  up  the  u.-sual  collection  for 
the    pension    fund    received    $12S.47. 


Election 
suited   as 


ELECTION    RETURNS 
officers    was    the    next    order 


Margaret  A.  Flynn:  treasurer,  Mrs.  Emma  M.  Stone;  con- 
ductor, Mrs.  Moore;  chaplain,  Mrs.  Minnie  Wickert;  door- 
keeper,   Mrs.    Lowrie. 

THE  EXHIBITS 
These  were  arranged  in  excellent  taste  and  covered  a 
wide  range  of  power  plant  apparatus.  There  were  198  booths, 
143  individual  firms  exhibiting  and  approximately  500  rep- 
resentatives. The  display  is  credited  as  being  the  best  in 
the  history  of  the  organization.  At  the  annual  meeting  of 
the  National  Exhibitors'  Association  the  following  orticers 
were  elected:  President,  Harry  A.  Pastre  of  the  Elliot  Co., 
Pittsburgh;  vice-president,  Lane  Thompson  of  the  Lunken- 
heimer  Co.,  Cincinnati;  secretary,  H.  D.  Raymond  of  the  A. 
W.  Chesterton  Co.,  Boston;  treasurer,  J,  \V.  Peterson  of  the 
Richardson-Phenix  Co.,  Milwaukee;  executive  committee,  T. 
C.  Green  of  the  Garlock  I'acking  Co.,  Pittsburgh;  P.  T.   Paynt 
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President,  Frederick  L.  Ray,  of  Louisville,  Ky.;  vice- 
president,  Walter  H.  Damon,  of  Springfield,  Mass.;  secretary, 
Fred  T\'.  Haven,  of  Chicago,  IlL;  treasurer,  Samuel  B.  Forse, 
of  Pittsbuigh,  I'enn.;  trustee  of  "The  National  Engineer"  for 
the  term  of  five  years,  Henry  J.  Mistele,  of  Milwaukee,  Wis.: 
conductor,  Louis  A.  Kroner,  of  Cleveland,  Ohio;  doorkeeper. 
J.  .1.  McDonald,  of  Tacoma,  ■VVa::h. 

Columbus,  Ohio,  was  chosen  as  the  next  convention  city. 

ENTERTAINMENT 
Entertainment  features  were  a  vi.slt  to  the  Schlitz  Brewing 
Co.,  a  smoker  under  the  auspices  of  the  exhibitors  in  Juneau 
Ha'l  auditorium,  a  luncheon  at  Allis-Chalmers  Co.  and  an  in- 
spection of  the  works,  hand  concerts  at  the  exhibition  hall,  a 
Held  day  in  which  all  participated,  a  vaudeville  show  by  the 
exhibitors,  automobile  xight-seeing  trips  and  on  Friday  even- 
ing the  grand  ball  and  cotillion.  This  was  a  grand  affai:-, 
ably  conducted.  Over  10,000  favors  or  souvenirs  were  given 
away.  A  feature  was  the  explosion  of  a  jjaper  boiler  result- 
ing in  a  shoWLX  of  confetti  over  the  audience.  As  a  prelude 
the  National  officers  were  installed.  Dad  Beckerleg  with  the 
first  National  president,  Henry  Cozens,  acting  as  conductor, 
omrlated. 

LAI)|i;.><'     .\rMl,l.\i:V 

On  Wednesday  afternoon  the  fourteenth  annual  conven- 
tion of  the  National  I^adles'  Auxiliary  convontd  at  the  Wis- 
consin  Hotel,  with  Rose  J.  Tellier,  chairlarty  of  the  local 
convention  committee,  iircsidlng.  Mrs.  Teller  welcomed  the 
conventioncrs  to  Milwaukee  and  was  followed  by  Rev.  W.  T. 
Dorward  In  an  eloiiuent  address.  Response  was  made  by 
Ollle  L.  Heckler,  past  Natioi.al  presidi-nt,  who  spoke  of  the 
work  of  the  organization  and  referred  particularly  to  the 
pension  fund.  The  treasurer,  Mrs.  ICmma  M.  Stone,  reiiorted 
a  balance  on  hand  of  $73n><.7fi,  Th:it  evening  a  card  party 
■was  held  at  the  auditorium  and  on  Friilay  the  following 
offlcers  were  elected:  President,  Mrs.  Gertrude  Hunt;  vlce- 
■pwBlrtcnt,  Mrs.   M.   Huntington;   rorrenpondlng  secretary,   Mrs. 


of  the  Dearborn  Chemical  Co.,  Chicago;  Charles  Cullen  of  the 
William  Powell  Co.,  Cincinnati;  A.  R.  Foley  of  the  Home 
Rubber  Co..  Trenton,  N.  J.;  and  C.  A.  Wilhoft  of  the  New 
■^'ork   Belting    ^:    Packing  Co.,   New   York   City. 


^©©B^S     IRECEIVEO 


HKAT  ENGINES.  Bv  John  R.  Allen.  McGraw-Hill  Book  Co.. 
.\ew  Vork  City.  Cloth:  320  pages,  6x9<i  in.;  1S5  illustra- 
tions;   tables.      Price,   $3. 

TECHNICAL  MECHANICS.  By  Edward  R.  Maurcr.  John 
Wilev  &  Sons.  Inc..  New  York.  Third  edition.  Cloth;  35r, 
pages.   6x9  V4    in.;   91    illustrations.      I'rice,   $2.50. 

PUMPING  BY  COMPRESSED  .^IR.  By  Edmund  M.  Ivens. 
John  Wiley  &  Sons.  Inc..  New  York  City.  Cloth:  244 
pages.  5^ix9'4    in.;   106   Illustrations;  tables.      Price  $3. 


KUHL,  (lASEDUS,  LIQUID  AND  SOLID.  By  J.  H.  Coste  and 
E.  R.  Andrews.  Published  by  J.  B.  Llpi>incott  Co.,  Phila- 
delphia, 1914.     Size  5xS  In.;  27S(  pages;  Illustrated.    Price  $2 

No  attempt  Is  made  to  treat  the  economic  aspect  of  the 
various  fuels  and  their  uses,  as  there  Is  abundance  of  liter- 
ature ujjon  this  subject;  Instead,  the  authors  have  confined 
thoir  efforts  to  the  production  of  a  reference  book  of  lab- 
oratory methods  for  making  analysei  and  determining  the 
I.eat    values   of    fuels. 

The  text  is  arranged  In  two  parts,  the  first  devoted  to 
the  chemical  and  physical  examl«atlon  of  gaseous,  liquid 
and  solid  fuels,  with  directions  for  sampling  and  analyzing, 
and  the  second  covers  the  calorlmetry  of  such  fuels.  The 
work    of  such   authorities  as  the   Bureau   of  Mines,    the  Amcr- 
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lean  Chemical  Society,  the  Royal  Society,  etc.,  has  been 
freely  quoted,  approved  apparatus  is  described,  and  the  opin- 
ions of  the  authors  are  given  as  to  the  methods  and  appli- 
ances likely  to  yield  the  most  satisfactory  results  under  dif- 
ferent   conditions. 

While  not  highly  technical,  in  the  sense  of  theoretical  and 
mathematical  treatment,  the  book  is  not  adapted  to  the  ama- 
teur, but  rather  to  the  needs  of  one  who  has  had  some  ex- 
perience in   laboratory  methods. 

MECHANICS  .\ND  HEAT  By  W'illiam  Ballantyne  Anderson, 
Ph.D.  McGraw-Hill  Book  Co  .  Inc.,  New  York  and  Lon- 
aoh.      6x9   in.;   349   pages;   cloth;    illustrated.      Price,    $2. 

This  is  not,  as  might  be  inferred  from  the  title,  a  dis- 
sertation upon  the  mechanical  or  dynamic  theory  of  heat,  but 
a  text  book  made  up  from  the  mimeograph  notes  used  by 
the  author  in  his  work  as  associate  professor  of  physics  at 
the  Iowa  State  College,  treating  of  elementary  mechanzcs  and 
of  heat.  The  author  has  conducted  the  recitations  as  well 
as  having  lectured,  and  this  experience  has  been  of  value  in 
revising  the  notes  to  meet  the  difficulties  of  the  student  as 
the  teacher  has  kno^vn  him. 

The  book  is  divided  into  three  sections:  Mechanics,  Prop- 
erties of  Matter,  and  Hoat,  comprising  in  all  IS  chapters. 
Through  it  all,  the  practical  application  of  the  principles 
taught  has  been  emphasized,  and  the  numerous  sketches  as- 
sist the  student  in  fixing  the  relations  of  the  laws  to  concrete 
examples.  Every  principle  treated  in  the  text  is  brought  up. 
so  far  as  possible,  in  a  problem,  so  that  in  working  all  of 
the  problems  a  review  of  practically  the  entire  book  is  ob- 
tained. The  treatment  is  not  beyond  the  student  with  a  very 
elementary  knowledge  of  algebra  and  trigonometry,  and  the 
book  would  well  serve  one  following  a  course  of  self-instruc- 
tion  in   its   subject. 


Royal  C.  Wise,  sales-engineer,  formerly  secretary  and 
half-owner  of  the  Western  Pump  &  Engineering  Co.,  has  dis- 
posed of  that  interest,  and  established  headquarters  in  the 
Madison  Terminal  Building,  9  South  Clinton  St.,  Chicago, 
where  he  will  handle  pumping  machinery,  compressors,  and 
accessories. 

A.  H.  Whiteside  has  been  appointed  vice-president  and 
general  sales  manager  of  the  Goulds  Manufacturing  Co..  of 
.Seneca  Falls,  N.  T.,  manufacturer  of  hand,  triplex  and  cen- 
trifugal pumps.  Mr.  Whiteside  is  well  known  in  the  ma- 
-chinery  and  allied  trades.  During  the  past  fifteen  years  he 
has  been  connected  with  the  Stirling  Boiler  Co.  as  southern 
manager,  with  the  Westinghouse  Electric  &  Manufacturing 
Oo.  as  its  Baltimore  representative  and  with  the  Allis-Chal- 
mers  Co.  as  manager  of  its  power  and  electric  department. 
In  the  latter  capacity  he  had  charge  of  all  the  pumping  en- 
gine and  centrifugal  pump  business. 

Mr.  Whiteside  succeeds  W.  E.  Davis,  who  has  been  obliged 
to  give  up  some  of  his  active  duties  due  to  injuries  sus- 
tained several  months  ago. 


KM(GIN^ERSH<Q  AFFAIRS 


Uniform  Boiler  Recnilationa — The  "Canadian  Manufac- 
turer" reports  that  during  the  last  week  in  June  and  the 
first  week  in  July,  representatives  from  several  of  the  prov- 
inces met  in  the  Parliament  Buildings,  Toronto,  to  discuss 
boiler  regulations  and  arrive,  if  possible,  at  a  uniform  de- 
sign. At  the  conference  were  the  following  chief  boiler  in- 
spectors: John  Peck,  British  Columbia;  R.  M.  Blackburn, 
Saskatchewan,  and  D.  Metcalf,  Ontario.  P.  J.  Tobin,  in- 
spector of  public  buildings,  Quebec,  represented  Quebec, 
while  Nova  Scotia  was  represented  by  W.  G.  Matthewson. 

Manufacturers  of  boilers  are  very  much  interested  in  the 
outcome,  as  the  adoption  of  uniform  regulations  will  mean 
that  boilers  inspected  and  passed  upon  during  construc- 
tion in  one  province  can  be  put  into  operation  in  any  part 
of  the  dominion  without  further   inspection. 

At  present  the  regulations  in  Alberta,  Saskatchewan  and 
Ontario  are  the  same,  while  there  are  none  in  operation  in 
the  other  provinces,  though  some  of  them  have  inspection 
regulations   under  consideration. 

W'entTvorth  Institute,  in  Boston,  Mass.,  is  a  school  for 
instructing    in    the    mechanic   arts,    founded   by   Arioch    Went- 


worth.  It  was  incorporated  in  1904  and  opened  for  instruc- 
tion, September,  1911.  Last  May  a  new  main  building  was 
completed,  nearly  doubling  the  floor  space,  so  that  the  in- 
stitute will  be  better  than  ever  equipped  to  carry  out  its  aim, 
which  is  to  incerase  the  average  standard  of  skill  and  in- 
telligence in  all  of  the  trades  tor  which  it  establishes  courses. 
Among  the  latter  are  electrical  construction  and  operation, 
the  steam  engine  and  the  operation  of  power  plants,  applied 
electricity  and  electrical  machinery.  Quoting  from  the  cat- 
alog for  1914-15,   relative  to  the   power-plant   course; 

This  course  is  intended  primarily  for  stationary  engineers 
who  wish  to  become  more  competent,  and  for  young  men 
who  are  preparing  to  take  examinations  for  engineers'  li- 
censes. 

The  instruction  co\'ers  in  a  thorough  and  practical  way 
the  principles  underlying  the  generation  and  use  of  steam, 
boiler-room    practice    a:^.d    engine-room    practice. 

By  means  of  practical  talks  and  lectures,  the  student  is 
taught  the  laws  of  heat,  work,  energy  and  power;  the  mean- 
ing of  horsepower  and  the  method  of  calculating  the  power 
developed  in  an  engine  cylinder:  the  action  of  steam  in  con- 
densing and  non-condensing  engines;  the  characteristics  of 
simple,  compound  and  triple-expansion  engines;  and  the  in- 
fluence of  different  types  of  valve  gears,  etc. 

Practice  is  also  given  in  the  laboratory  and  power  plant. 
This  includes  setting  valves,  taking  indicator  cards,  calcu- 
lating horsepower,  making  pump  tests,  injector  tests  and 
engine  tests  for  steam  consumption  and  efficiency,  etc.;  also 
different  methods   of  boiler  firing  and   conducting  boiler  tests. 


Large  Esryptinn  Pumpinp;  Plant — One  of  the  largest  pump- 
ing installations  in  the  world  is  being  built  by  the  Egyptian 
Government  to  drain  Lake  Mareotis,  near  Alexandria.  It  will 
consist  of  IS  enormous  pumps  of  the  Humphrey  type.  Each 
pump  is  S  ft.  S  in.  in  diameter,  and  is  capable  of  delivering 
100,000,000  gal.  per  day  through  a  lift  of  20  ft.  The  maxi- 
mum internal  diameter  of  the  combustion  chamber  will  be 
S  ft.  S  in.,  and  its  height  14  ft.  The  water-valve  box  will 
be  8  ft.  S  in.  in  diameter  and  7  ft.  high,  and  it  will  be  fitted 
with  100  valves  of  the  hinge  type,  specially  designed  to 
enable  any  valve  to  close  upon  an  obstruction,  without 
throwing  undue  stra'in  on   the   hinges. — "Scientific  American." 


ME^W  EQTLJHFMEHT 


ATLANTIC  COAST  STATES 

Plans  have  been  prepared  for  a  200-hp.  development  in 
Greensboro  Vt.,  costing  $20,000.  The  plant  will  supply  elec- 
tricity to  the  neighboring  towns.  M.  L.  Sanders,  White  River 
Junction,    is   Engr.-in-Charge. 

The  Municipal  Gas  Co.,  Albany,  N.  Y.,  is  having,  plans  pre- 
pared by  Thomas  H.  Murray,  of  the  New  York  Etlison  Co., 
Irving  PI.  and  15th  St..  New  York,  for  a  two-story  power 
house.      Alexander   Hamilton  is  Gen.   Mgr. 

The  Municipal  Council,  Lewiston,  Penn.,  contemplates  es- 
tablishing a  municipal  electric-light  plant  in  Lewistown.  The 
estimated  cost  is   $79,000. 

SOITHERX    STATES 

J.  H.  Peabody  and  P.  R.  Fagan,  Cameron,  W.  Va.,  have 
made  application  for  a  franchise  to  build  an  electric-light 
plant  at  Cameron. 

The  Logan  County  Light  &  Power  Co.,  Logan,  W.  Va.,  will 
build  a  new  power  station.  The  following  equipment  will 
be  required,  four  500-hp.  boilers,  two  2500-kw.  turbines,  pumps 
and  condensers. 

An  election  will  be  held  Oct.  8  by  the  citizens  of  Water- 
boro,  S.  C,  to  vote  on  the  proposition  of  issuing  bonds  for 
?15,000,  the  proceeds  of  which  will  be  used  tor  the  in- 
stallation of  a  municipal  electric-light  plant. 

At  an  election  held  Aug.  21.  the  citizens  of  Fort  Meade, 
Fla.,  voted  to  issue  bonds  for  $25,000  the  proceeds  of  which 
will  be  used  for  the  construction  of  a  municipal  electric- 
light   plant. 

The  Beattyville  Lnilities  Co..  Beattyville,  Ky..  is  in  the 
market  for  equipment  for  a  lighting  plant.  A  150-hp.  boiler. 
100-hp.  engine,  100-kw.  generator,  a  2300-volt  alternator  and 
a  switchboard  will  be  required.     H.  S.  Van  Zan   is  Pres. 

CENTRAL    ST.VTES 

Plans  are  being  prepared  by  Briggs  &  Melson,  669  Rose 
Bldg.,  Cleveland,  Ohio,  for  the  construction  of  a  power 
house  at  Cleveland,  for  the  Cleveland  Seating  Co.  D.  A. 
Grubb,    550   Rose   Bldg..    is  Mgr. 

The  Pioneer  Pole  &  Shaft  Co.,  Piqua,  Ohio,  will  purchase 
motors  for  the  electrification  of  its  plant  at  Louisville,  Ky. 
Walter    Gillette    is    Supt. 

The  Public  Service  Commission  has  granted  permission  to 
the  Madison  Light  &  Ry.  Co..  Madison.  Ind..  to  issue  $25,000 
in  bonds  for  extending  and  improving  its  system.  New 
lioilers.  and  engine  and  generator  and  extensions  to  its  local 
lines  are  included  in  the  improvements. 
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BiT'ooMyini  EdUsoim  Co's  Hew  T^rbiime 


By  CiiAKLi:s  II.  BEOiiLUY 


SYNOPSIS— The  new  22, OOO-hw.  double- flow  iurbino 
for  the  Gold  SI.  station  of  the  Edison  Electric  lUuminat- 
ing  Co.,  of  Ilroohhjn,  is  the  largest  single-cylinder  ma* 
chine  i/et  htiilt.  It  is  in  a  space  formerly  reserved  for  a 
oOOO-kw.  turbo-generating  set;  the  stationary  blading  is 
set  into  cylinders  instead  of  being  mounted  directly  on 
the  ca-'^ing;  straight  nichel  i.s  used  for  the  high-prt's- 
.-^ure  binding  and  7iicl-cl  bronze  for  the  intermediate  and 
low  pressure;  the  condenser  has  30,500  sq.ft.  of  l\U-in. 
tubes  of  admiralty  composition;  the  tubing  iveighs  2S 


ions,  and  there  is  over  17  miles  of  it.  The  auxiliaries  are 
guaranteed  to  consume  not  more  than  4-/'2  P^"!'  cent,  of 
the  amount  of  steam  consumed  by  the  main  unit.  The 
intermediate  pressure  stages  will  receive  the  exhaust  from 
the  auxiliaries. 

'^. 
The  Gold  St.  station  of  the  Edison  Electric  Illuminal- 
iiig  Co.,  where  this  new  double-flow  Westinghoiise  tur- 
bine has  been  installed,  was  originally  designed  for  six 
5000-kw.  turbo-generating  sets. 


Fi<;-.  1  A\ji 


'The  IJoTOi!  axd  Toi'  Half  ov  the  ■^•<;,U()()-Kw.  Double-Flow  Tluium;. 
Built  with  a  Single  Casing 
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22,000  Kw.  IN  Space  for  5000  Kat. 

It  is  noteworthy  that  the  new  turbine,  of  22,000  kw. 
lated  capacity,  is  situated  on  the  floor  space  originally 
intended  for  a  5000-kw.  machine;  over  four  times  the 
capacity  per  unit  area  of  floor  space.  This  is  a  most  com- 
mendable achievement  of  turbine  designers,  considering 
the  real  estate  values  in  places  occupied  by  many  stations 
requiring  large  capacities,  altliough  these  values  are  sel- 
dom more  than  12  per  cent,  of  the  cost  of  the  unit.  Fig. 
1  shows  the  spindle  with  blades  and  Fig.  2  the  casing 
cover. 

Although  rated  at  22,iMiO  kw.,  the  set  is  expected  to 


110,583,7.50  C'l'.Ft.  of  Steaji  Passed  pek  Horn 

The  turliine  is  of  the  double-flow  type,  having  the  usual 
two  exhaust  openings,  with  a  total  area  of  90  sq.  ft.  At 
281/^-in.  vacuum,  equivalent  to  0.735  lb.  absolute  pres- 
sure, steam  has  a  volume  of  444  cu.ft.  per  lb.,  and 
at  the  peak  load,  these  exhaust  openings  will  have  to 
pass  steam  at  the  rate  of  110,583,750  cu.ft.  per  hr.,  al- 
lowing for  the  quality  after  expansion  only ;  the  velocity 
through  the  openings  will  be  341.3  ft.  per  sec.  The 
high-  and  intermediate-pressure  stationary  blading  will 
not  be  fastened  directly  to  the  casing,  but  will  be  mounted 
on  cylinders  set  into  it.  This  practice  is  now  being  fol- 
lowed by  the  'Westinghouse  company  for  very  large  units; 
tlic  33,000-kw.  turbines  for  the  Interliorough  Rapid  Tran- 
sit Co."s  74th  St.  station  liave  this  design.    The  construc- 
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Fl(r. 
Fig. 


Tnlrrm<?<liate    prcsBure    blading. 
How  the  blading  is  mounted. 


v   1m)i<o\  Co.'s  Xew  TntnixK 

rondenner;   35,000  sq.ft.   of  H4-in.   tubes 
30,000   gal.   per  min.   circulating  pump. 


carry  25,0(10  kw.  for  a  rcasonalily  long  time  with  a  tcm- 
]ioraturc  rise  of  50  d.-g.  F.  The  complete  b:'1  liicasurcs 
•14  ft.  ()  in.  in  Icnglli.  Ih  10  ft.  3  in.  wide  at  the  base  and 
n  it.  high.  The  total  weiglit  is  iloO.OOO  lb.  (450  tons). 
and  the  heaviest  piece  to  be  lifted  by  tlie  crane  weiglis 
77,000  lb.  At  25.000  kw.,  the  weight  per  kilowatt  is  only 
30  lb.,  and  30.13  kw.  are  accommodated  on  a  sipiare  foot 
of  floor  fli)acc. 


lion  gives  the  casing  a  more  uniform  diainclcr,  thcivby 
reducing  stresses;  it  facilitates  its  maiiuracturc,  and  it 
enables  the  blades  and  tlieir  mountings  to  be  removed  or 
replaced  conveniently. 

Straioiit-Niikel  IIioii-Pressuue  Blades 

Straiglit-nickcl  blades  will  be  used  for  the  liigh-pres- 
sure  stages,  and  nickel-bronze  for  the  ink'rmediate-  and 
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low-pressure  stages.  The  blades  are  of  greater  cross-sec- 
tion at  the  root  or  bottom  than  at  the  top.  Tliis  con- 
struction tends  to  reduce,  if  not  to  eliminate,  vibration: 
but  as  the  blades  are  of  greater  cross-section  at  the  bot- 
tom, the  stresses  to  whicli  a  blade  is  subjected  arc  dis- 
tributed more  evenly,  so  tliat  the  root  does  not  bear  the 
greatest  stress,  as  in  blades  of  the  ordinary  design.  The 
root  ends  are  forged  and  have  about  40  per  cent,  greater 
area  of  cross-section  than  at  the  top. 

Fig.  4  shows  how  the  blades  are  assembled.  At  22.000 
kw.,  tlie  guarantee  calls  for  a  steam  rate  of  121/-.  lb.  per 
kw-hr.  at  170  lb.  pressure,  100  deg.  F.  superheat,  2Syo 
in.  vacuiun  and  1500  r.p.m.  The  lowest  consumption  is 
at  about  IT.OOO  kw.  (68  per  cent,  of  the  maximum  and 
T7.2  i)er  cent,  of  the  rated  capacity),  when  the  curve 
drojis  a  trifle  below  12  lb.  per  kw.-hr.  The  generator  will 
furnish  three-phase,  2-")-cycle  current  at  CGOO  volts,  and 
bas  a  guaranteed  efficiency  of  97  per  cent.,  allowing  for 
all  losses  due  to  windage,  blowers,  etc.  The  usual  2  per 
cent,  speed  variation,  no  load  to  full  load,  is  allowed. 
The   ordinary   type   of  governor  will  not  be   employed, 


Figs.  7  axd  8.     Aik  axd  Hot-Well  Plmi'.s 

owing  to  the  necessity  for  avoiding  the  possibility  of 
trouble  due  to  the  governor  sticking  at  times  of  sudden 
])eaks,  for  the  load  on  this  machine  will  be  constant  for 
long  periods. 

The  Gcaeaxteed  Steam  Bate 

The  steam  consumption  of  the  auxiliaries  is  quite  low, 
being  guaranteed  to  be  but  41/.  per  cent,  of  that  of  the 
main  unit.  The  exhaust  from  the  auxiliaries  will  be 
admitted  to  the  intermediate  stages  of  the  turbine, 
through  a  difEerential  valve  which  may  be  set  to  cut  in 
and  out  automatically  when  the  load  on  the  main  unit 
varies  within  predetermined  limits,  the  range ''depending 
upon  the  amount  of  exhaust  steam  needed  in  the  feed- 
water  heater  to  maintain  the  temperature  of  the  feed. 

For  the  rated  capacity  of  22,000  kw.,  the  steam  con- 
sumption is  12. .5  lb.  per  kw.-hr.  This  means  an  hourly 
consumption  of  273,000  lb.  for  the  main  unit,  and.  as 
the  auxiliaries  need  4.5  per  cent,  of  this  amount,  or 


12,3T.5  lb.  jier  hr.,  the  total  hourly  consumption  will  be 
287,375  lb.  If  the  boilers  are  assumed  to  evaporate  9.5 
lb.  of  water  per  lb.  of  coal,  then  tlie  coal  consumption  for 
l)oth  the  turbine  and  its  auxiliaries  is  15.125  tons  per  hr., 
or  363  tons  every  24  hr.  On  this  basis,  1.375  lb.  will  be 
necessary  per  kw.-hr.,  not  including  that  required  for  the 
lOO-hp.  motor  used  for  ventilating  the  generator. 

COXDEXSIXG    EQLIPilEXT 

The  unit  will  have  a  Westinghouse  radial-flow  con- 
denser. Fig.  5,  of  35,000  sq.ft.  of  tube  surface,  giving  1.59 
sq.ft.  of  cooling  surface  per  kilowatt.  The  lowest  ratio, 
so  far  as  the  writer  knows,  is  at  the  AVaterside  No.  2  sta- 
tion of  the  Xew  York  Edison  Co.,  where  a  25,000-sq.ft. 
condenser  serves  a  22,000-kw.  turbine,  giving  1.14  sq.ft. 
of  surface  per  kilowatt.  The  condenser  will  have  45,000 
IVo-in.  tubes,  20  ft.  3  in.  long,  of  Xo.  16  gage.  The 
shell  is  16  ft.  4  in.  in  diameter  and  27  ft.  long.  The 
tubing,  of  admiralty  composition,  weighs  28  tons,  and 
there  are  about  17  miles  of  it 

Tubes  for  this  plant  are  bought  (m  a  guarantee  for  one 
year,  replacements  being  made  by  the  manufacturers  for 
those  becoming  defective  within  that  time.  The  Gold  St. 
:»lation  is  immediately  alongside  the  outlet  of  a  17-ft. 
scwcr  and  the  condensing  water  is  severe  on  condenser 
lubes.  Tubes  of  this  size  are  unusual,  but  as  a  smaller 
condenser  with  li/>-in  tubes  in  the  66th  St.  station  of 
the  Brooklyn  Edison  Co.  has  given  four  years'  service 
without  having  a  cent  spent  on  it  except  for  cleaning,  it 
was  deemed  best  to  use  the  same  size  tubes  for  the  new 
unit ;  then,  too,  it  is  a  question  whether  a  year's  guar- 
antee would  be  given  with  1-in.  tubes. 

Two  30,000-gal.  per  min.  Westinghouse  turbine-driven 
centi-ifugal  pimips.  Fig.  6,  driven  through  Westinghouse- 
Melville  reduction  gear,  ratio  10  to  1,  will  furnish  the 
cooling  water.  Each  turbine  is  of  235  hp.  and  will  run 
at  2500  r.p.m.,  giving  the  pump  a  speed  of  250.  The 
(irculating  water-pumping  capacity  per  hour  per  kilo- 
watt rated  capacity  is  163  gal.  For  the  rated  capacity 
of  22,000  kw.  and  the  guaranteed  steam  consumption  of 
12.5  lb.  per  Icw.-hr.,  the  circulating  water-pumping  ca- 
]iacity  gives  108.7  lb.  of  cooling  water  per  pound  of  steam 
condensed.  It  is  expected  that  during  the  winter  but  one 
inunp  will  be  run,  owing  to  the  circulating  water  being 
cold.  The  main  circtxlating  water  discharge  into  the 
condenser  is  36  in.  in  diameter  and  the  outlet  is  48  in. 

The  Auxiliary  Power 

A  Wcstinghouse-LeBlanc  air  piunp.  Fig.  7,  driven  by 
an  85-hp.  turbine  and  two  two-stage  wet  vacuum  or  hot- 
well  pumps,  Fig.  8,  each  having  a  70-hp.  turbine,  will  be 
used.  These  pumps  were  built  to  pump  against  100  lb. 
pressure,  owing  to  pipe  friction.  The  total  horsepower 
of  the  auxiliary  turbines  is  695,  therefore  with  an  over- 
all efficiency  of  90  per  cent,  for  the  turbine  and  gen- 
erator, the  ratio  of  main-unit  to  auxiliary  power  is  38 
to  1,  figured  on  the  normal  rating  of  22.000  kw.  As  the 
water  velocity  through  the  tubes  will  be  low,  the  bell 
ferrule  will  not  be  employed,  as  but  little  erosion  of  the 
ferrules  is  expected. 

With  cooling  water  at  60  deg.  P.,  a  vacuum  of  28.9  in. 
is  guaranteed,  and  28.6  in.  for  70-deg.  water. 

Cooled  axd  Moistexed  Air  for  thi  Gex'^erator 

In  large  power-plant  practice  especially,  much  atten- 
tion is  being  given  to  the  ventilation  of  generators,  for 
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tlie  time  which  the  set  will  carrv  iiiaximuni  capacity  is 
limited  chiefly  by  the  temperature  rise  in  the  generator. 
The  Brooklyn  machine  will  be  ventilated  by  moistened 
and  cooled  air.  Briefly,  tlie  plan  is  to  maintain  a  pool 
of  water  in  the  bottom  of  the  fan  casing,  the  distance 
between  the  fan  and  the  water  l)eing  such  that  wdien  the 
fan  is  in  motion,  enough  water  will  be  picked  up  to 
moisten  and  cool  the  air.  As  the  air  enters  the  delivery 
side  of  the  dnct,  it  passes  between  a  nnmlier  of  corru- 
gated copper  plates  which  take  out  entrained  water.  It 
is  expected  that  the  set  will  be  aWe  to  carry  from  13  to 


I--)  per  cent,  more  load  when  fitted  with  this  ventilator 
than  if  it  had  the  usual  equipment. 

Station  designers  would  do  well  to  take  advantage 
of  this  principle  of  generator  ventilation,  for  in  new 
plants  the  heated  air  leaving  the  generators  might  just 
as  well  be  supplied  to  the  boiler  furnaces,  and  by  a  suit- 
aide  arrangement  of  ducts,  heated  air  from  over  the 
Imilers  might  easily  bo  induced  into  branch  duets  Joining 
the  main  duct,  thus  increasing  the  boiler  economy,  be- 
sides cooling  the  generator  at  little  additional  initial  in- 
vestment. 


ig'Ms 
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Si'XOPSIS — Authoriti/  to  maintain  structure  niaij  be 
acquired  by  legislative  or  private  grant,  or  hij  long  con- 
iinued  enjoyment.  Application  to  public  authorities  often 
required  by  statute,  notwUhstanding  private  conveyance 
of  right.  Obligations  of  proprietor  to  upper  and  lower 
riparian  land  owners.  Privileges  which  may  and  which, 
may  not  be  exercised.  Remedies  against  improper  mmn- 
icnance. 

m 

The  maintenance  of  dams  for  power  purposes  has  af- 
forded the  basis  of  much  litigation,  as  is  evidenced  by  the 
reports  of  the  state  and  federal  appellate  courts,  with  a 
lesult  that  the  legal  principles  applicable  to  such  struc- 
tures have  become  fairly  well  settled.  To  give  the  read- 
ers of  Power  a  general  view  of  the  most  important  of 
these  principles,  so  far  as  they  may  prove  to  be  of  prac- 
tical interest,  the  writer  has  prepared  the  following  sum- 
mary of  the  law  on  this  subject,  as  announced  by  the 
highest  courts  of  the  country.  Citations  showing  where 
the  full  text  of  some  of  the  leading  decisions  can  be 
found  are  given,  though  the  list  of  citations  does  not 
purport  to  be  exhaustive.  The  observations  here  made 
arc  limited  to  questions  bearing  on  llie  right  to  occupy 
the  channel  of  a  stream  with  a  dam,  to  detain  water  from 
lower  riparian  owners,  and  to  flow  the  lands  of  upper 
proprietors,  leaving  out  of  consideration  questions  re- 
lating to  the  right  to  appropriate  the  waters  of  a  stream 
— a  subject  which  (he  writer  hopes  to  be  able  to  cover 
in  a  later  article  in  Powicii. 

How-  PiGiTT  May  Ric  Acquired 

'I'he  legal  right  to  erect  and  maintain  a  dam  may  be 
acquired  in  any  one  of  the  following  ways:  (1)  By  vir- 
tue of  ownership  of  the  land  on  which  it  is  constructed, 
(2)  by  grant  from  public  authorities,  (3)  by  deed  from 
private  land  owners,  and   (I)   by  long  assertion  of  right. 

1.  In  the  absence  of  statutoi'y  provision  to  the  con- 
trary, an  owner  of  land  along  a  non-navigable  stream  is 
entitled  to  erect  a  dam  on  his  own  land,  without  regard 
to  upper  and  lower  riparian  owners,  if  he  does  not 
prejudice  the  lower  owners  by  appreciably  diminishing 
the  quantity  of  water  which  woidd  naturally  flow  through 
ihoir  lands,  and  subject  to  liability  to  upper  owners  for 
overflowing  their  lands  (California  Supreme  Court,  GO 
Pacific  Peporter  filH;  Texas  Court  of  Civil  .\ppeals,  40 
Southwestern  Peporter  1031).  As  held  by  the  Massa- 
c4iusetts  Supreme  Judicial  Court,  the  right  to  create  water 


[•ower  by  damming  a  stream  is  inseparably  connected 
with  ownership  of  the  land  through  which  it  flows  and 
does  not  depend  upon  acquisition  by  deed  or  prescription 
of  rights  in  land  aliutting  the  stream  below  the  dam 
(88  Northeastern  Peporter  332).  But  in  Kentucky  it 
nas  been  held  by  the  Court  of  Appeals  that  no  one  can 
lawfully  erect  a  dam  in  a  watercourse  without  first  ob- 
taining leave  from  the  court  in  the  manner  prescribed  by 
statute  (.5  Southwestern  Peporter  49).  And  in  several 
other  states  there  are  in  force  laws  commonly  known  as 
the  Mill  Dam  Acts  which  require  one  who  desires  to 
erect  a  dam  to  apply  to  public  authorities  for  permis- 
sion, which  is  to  be  granted  or  withheld  on  consideration 
of  the  public  health,  as  well  as  the  rights  of  upper  and 
lower  riparian  owners.  Provision  is  usually  made  in 
these  laws  for  the  assessment  and  collection  of  damages 
to  private  property  eaiised  by  the  construction  of  the 
dam.  Similar  procedure  is  prescribed  to  acquire  the 
right, to  increase  the  height  of  an  existing  dam.  The 
statutes  of  Missouri  entitle  one  who  is  injured  by  the 
construction  of  a  dam,  without  permission  having  been 
first  obtained  from  the  county  court,  to  recover  double 
the  amount  of  his  damages,  and  it  is  likely  that  similar 
provisions  are  in  force  in  other  states. 

2.  The  legislature  of  a  state  has  power  to  authorize 
the  construction  of  a  dam  across  a  non-navigable  stream 
(Tnited  States  Supreme  Court.  2f)  Supreme  Court  Pe- 
porter 12";  123  Federal  Peporter  TOT).  As  a  general 
rule,  statutory  pemiission  is  necessary  to  authorize  the 
erection  of  a  dam  across  a  navigable  river,  although  it  has 
been  held  that  a  riparian  owner  is  entitled  to  place  a  dam 
in  the  stream  if  the  character  of  navigation  is  not  such 
that  the  dam  will  constitute  a  substantial  intei'fercnce 
(Minnesota  Sujireme  Court,  T7  Xorlhwestern  Peporter 
■II;  Oregon  Supreme  Court,  (iO  Pacific  Peporter  381). 
So  far  as  Congress  has  not  legislated  upon  the  subject, 
a  slate  may  authorize  the  construction  of  a  dam  across 
a  navigable  riv(>r  lying  Avholly  within  the  limits  of  the 
state,  for  the  improvement  of  navigation,  or  any  other 
pidjlic  purpose  (United  States  Supreme  Court,  3  Peters 
24.");  05  United  States  Peports  4-")0).  Legislative  per- 
mission to  construct  a  dam  does  not.  however,  exempt 
the  owner  from  liability  for  resulting  injury  to  the  private 
property  of  others  (57  Maine  Supreme  Judicial  Court 
Peport  181;  44  New  Hampshire  Supreme  Court  Peports 
10.5).  Under  United  Stales  Pevised  Statutes,  sections 
2339,  2340,  acquisition  of  right  by  prior  occupancy  to 
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maintain  a  dam  on  public  lands  has  been  frequently  rec- 
ognized by  the  courts. 

3.  Eight  to  maintain  a  dam  on  another's  land  con- 
stitutes such  interest  in  the  land  that  it  can  be  conveyed 
only  by  deed  or  by  reservation  in  a  deed  (Xew  York  Su- 
preme Court,  58  Xew  York  Supplement  23!1 ;  North 
Carolina  Supreme  Court,  20  Southeastern  Heportcr  725). 
Grant  of  such  privilege  is  irrevocable  by  the  grantor  and 
operates  to  relinciuish  any  claim  by  him  on  account  of 
damage  resulting  to  his  remaining  land  in  the  proper 
exercise  of  the  right  (21  Massachusetts  Supreme  Judicial 
Court  Reports  365).  The  fact  tliat  a  dam  owner  has 
maintained  a  7-ft.  head  of  water  only  for  many  years 
does  not  prevent  him  from  afterward  maintaining  an 
S-ft.  head  as  against  one  who  granted  the  right  to  main- 
tain the  greater  head.  Grant  of  right  lo  maintain  a  head 
of  water  at  a  certain  height  does  not  authorize  main- 
tenance of  a  dam  at  that  height,  if  water  flows  over  the 
crest  at  a  depth  of  two  or  more  inches  (Michigan  Su- 
preme Court,  138  Northwestern  Reporter  1073). 

•1.  Maintenance  of  a  dam  in  a  particular  manner  for 
many  years  confers  a  prescriptive  right  upon  the  owner 
lo  continue  it  (IIG  Illinois  Appellate  Court  Reports  1). 
A  "prescriptive  right"  is  one  which  the  possessor  ac- 
c|uires  by  reason  of  its  continued  enjoyment  for  so  long 
a  time  as  to  render  it  inequitable  to  deny  its  existence. 
But  it  has  been  decided  by  the  courts  that,  by  maintain- 
ing a  dam  for  20  years,  the  owner  did  not  acquire  such 
right  as  precluded  the  state  from  compelling  the  erec- 
tion of  fishways:  and,  as  decided  by  the  Illinois  Supreme 
Court,  a  prescriptive  right  to  flood  the  lands  of  an  upper 
riparian  owner  can  arise  only  where  the  land  has  been 
flooded  for  a  period  of  20  years  or  more,  and  where  the 
flowing  was  adverse  and  uninterrupted  and  took  place 
with  the  knowledge  and  acquiesence  of  the  land  owner 
affected  (78  Northeastern  Reporter  42).  This  rule  is 
probably  applicable  in  all  the  states,  subject  to  different 
holdings  as  to  the  length  of  time  the  adverse  use  must 
continue.  The  right  has  been  held  to  be  suljjcct  to  ac- 
quisition in  Michigan  on  15  years"  use.  But  in  a  recent 
New  York  case  it  was  held  that  judgment  in  favor  of  a 
land  owner  for  si.x  cents  damages  through  maintenance 
of  a  dam  which  flooded  his  land  prevented  the  power 
company  which  maintained  the  structure  from  obtaining 
any  prescriptive  right  of  flowage  (New  York  Supreme 
Court,  136  New  York  Supplement  383).  And  it  was 
lately  decided  that  a  company  which  obtained  a  prescrip- 
tive right  to  maintain  a  power  dam  could  be  enjoined 
by  upper  land  owners  from  raising  the  dam  to  their 
injury,  although  denial  of  permission  to  increase  the 
height  results  in  disproportionate  injury  to  the  company 
(Michigan  Supreme  Court,  141  Northwestern  Reporter 
693).  But  the  fact  that  water  is  set  back  upon  upper 
land  by  mere  repair  of  a  dam  so  as  to  make  it  tight 
does  not  give  the  upper  owners  a  cause  of  action,  if  the 
dam  is  no  higher  than  that  which  the  owner  has  been 
granted  the  right  to  maintain  (Illinois  Supreme  Court, 
87  Northeastern  Reporter  962).  If  a  dam  is  so  con- 
structed and  maintained  as  to  constitute  a  public  nuis- 
ance, right  to  continue  its  maintenance  cannot  be  ac- 
quired by  prescription.  But  when  a  right  has  been  once 
obtained  by  prescription,  it  will  be  as  fully  protected  by 
the  courts  as  though  it  had  been  expressly  granted  by  the 
persons  against  whom  it  is  asserted  (4  New  Jersey  Equity 
Reports  116).    An  owner  of  land,  who  by  lapse  of  time 


has  lost  the  right  to  object  to  a  dam  used  in  the  operation 
of  a  mill,  cannot  enjoin  its  continuation  to  provide  power 
for  an  electric-light  plant,  unless  the  change  operates  to 
his  prejudice  by  a  greater  obstruction  of  the  flow  of  the 
stream  (Kansas  Supreme  Court,  102  Pacific  Reporter 
783).  But  where  the  right  to  flood  land  is  acquired  by 
adverse  user  the  owner  of  the  land  acquires  a  reciprocal 
right  to  have  the  water  maintained  at  the  same  ordinary 
height  (Texas  Court  of  Civil  Appeals,  138  Southwest- 
ern Reporter  150;  Vermont  Supreme  Court,  77  Atlantic 
Reporter  866).  These  principles  applicable  to  the  main- 
tenance of  dams  proper  are  equally  applicable  to  the 
maintenance  of  flashboards  (Massachusetts  Supreme 
Judicial  Court,  58  Northeastern  Reporter  181). 

Although  the  owner  of  a  dam  is  entitled  to  detain  the 
waters  of  the  stream  so  far  as  is  reasonable  in  his  proper 
use  of  them,  he  is  not  entitled  to  divert  water  or  to  im- 
nccessarily  cause  loss  thereof  to  lower  owners  by  absorp- 
tion or  evaporation  (United  States  Supreme  Court,  4 
Mason  397;  1  Hun  (N.  Y.)  272).  When  the  height  at 
which  a  dam  is  permitted  to  be  constructed  is  determined 
with  reference  to  "low-water  mark,"  the  height  of  the 
water  at  ordinary  stages  of  low  water,  and  not  at  the  low- 
est stage  in  seasons  of  great  drouth,  governs  (Kentucky 
Court  of  Appeals,  65  Southwestern  Reporter  156). 

Right  to  maintain  a  dam  may  be  lost  by  a  showing  of 
clear  intention  to  abandon  the  privilege,  l)ut  the  mere 
fact  that  the  dam  is  permitted  to  decay  and  remain  unre- 
paired for  several  years  does  not  establish  abandonment 
of  right  to  renew  the  structure,  in  the  absence  of  other 
evidence  of  intent  to  abandon  the  right  (New  York  Su- 
preme Court,  77  New  York  Supplement  282).  There 
are  earlier  cases  in  other  states,  however,  holding  that 
license  to  maintain  a  dam  expires  with  its  decay  (24  New 
Hampshire  Supreme  Court  Reports  3C4;  Pennsylvania 
Supreme  Court,  17  American  Decisions  677).  Right  to 
flood  land  by  water  from  a  dam  is  not  extinguished  by  a 
change  in  the  dam's  location,  if  the  area  flooded  is  not 
thereby  increased  (Rhode  Island  Supreme  Court,  41 
Atlantic  Reporter  564). 

Maintenance  of  a  dam  in  an  unauthorized  manner  may 
be  enjoined  and  damages  awarded  to  cover  injury  already 
done.  A  dam  maintained  in  a  navigable  stream  in  viola- 
tion of  law  constitutes  a  public  nuisance  which  may  be 
abated  on  suit  (72  Maine  Supreme  Judicial  Court  Re- 
ports 181)  ;  and  the  owner  may  be  held  liable  for  injury 
resulting  therefrom  to  private  property  owners.  But  all 
damages  claimed  by  a  permanent  overflow  must  be  re- 
covered in  one  suit ;  where  a  dam  causes  occasional  recur- 
rent overflows,  each  overflow  affords  a  separate  cause  of 
action  in  favor  of  an  injured  land  owner.  The  damages 
recoverable  for  permanent  injury  to  land  are  measurable 
by  the  reasonable  value  of  the  land  permanently  over- 
flowed and  the  diminished  value  of  the  remainder  of  the 
tract.  If  the  injury  is  not  permanent,  the  measure  of 
recovery  is  the  reasonable  cost  of  restoring  the  premises, 
plus  the  difference  in  their  rental  value  with  and  without 
the  overflow  during  the  continuance  thereof  (Alabama 
Supreme  Court,  61  Southern  Reporter  934). 

The  Production  of  Conl  in  Iowa  in  101.3  was  7,490,641  short 
tons,  valued  at  $13,431,061.  according  to  figrures  compiled  by 
E.  W.  Parker,  of  the  United  States  Geological  Survey,  In  co- 
operation with  the  Iowa  Geological  Survey.  This  was  an  in- 
crease over  1912  of  201,112  tons  in  quantity,  and  of  $278,973 
In  value. 
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By  G.  M.  Kohler 


l^YNOPSIS — Directions  for  the  use  and  manipulation  of 
an  outfit  which  can  be  bought  for  less  than  $■'>.  An  an- 
ahjds  can  be  made  in  less  than  five  minutes  tntJi  fairly 
accurate  results. 

In  recent  issues  of  Power,  considerable-space  lias  been 
allotted  to  the  descriptions  of  apparatus  and  methods  for 
analyzing  flue  gases.  All  of  the  outfits  mentioned  cost 
more  than  $35.  Many  engineers,  especially  those  in 
charge  of  small  plants  and  .young  men  just  starting  in  the 
jirofession,  cannot  afford  to  purchase  such  costly  instru- 
n.ents.  The  entire  outfit  described  below  can  be  bought 
for  less  than  $5,  it  will  give  fairly  accurate  analyses  and 
will  be  helpful  to  the  engineer  who  desires  to  learn  more 
about  combustion  of  fuels  and  efficient  boiler  operation. 

The  principal  part  of  the  apparatus  is  the  glass  tube 
//,  in  Fig.  1,  known  to  chemists  as  a  "Bunte"  gas  bur- 
ette. It  is  about  1  in.  in  diameter  and  80  in.  long.  The 
upper  end  has  a  funnel  F,  connected  to  the  main  part  of 
the  tube  by  the  special  three-way  cock  C.  The  lower  end 
of  the  tube  has  a  plain  stop-cock  D.  The  volume  of  the 
burette  between  the  stoi)-cock  T)  and  the  three-way  cock 
('  is  about  115  c.c.  A  volume  of  100  c.c.  below  stop-cock 
C  is  graduated  to  read  in  V.^  c.c,  which  is  y^  of  1  per 
cent,  of  the  total  volume  above  the  zero  mark.  For  con- 
venience in  manipulation-  the  burette  is  attached,  by 
means  of  the  clamps  A,  to  the  iron  stand  S.  A  small 
vacuum  pump  or  aspirator,  made  of  standard  pipe  fit- 
tings, as  sliown  in  Fig.  3,  is  used  to  draw  the  flue  gases 
from  the  furnace  or  flue  to  the  burette.  The  gas  to  bo 
analyzed  can  also  be  placed  in  the  burette  by  means  of 
a  pair  of  bottles,  as  recently  described  in  Power  for  the 
"Orsat." 

In  addition  to  the  apparatus  shown,  there  will  be 
needed  to  make  an  analysis  of  flue  gases,  the  proper  ab- 
sorbing liquids,  viz.;  a  solution  of  potassium  hydroxide 
for  the  ab.-^orption  of  CO^,  an  acid  solution  of  cuprous 
chloride  for  CO  and  a  mi.Kture  of  pyrogallic  and  pota.s- 
sium  hydroxide  for  the  absorption  of  oxygen.  Directions 
for  the  preparation  of  these  solutions  Inive  l)een  given  in 
recent  issues  of  Powkis. 

To  fill  the  burette  with  a  sain])lc  of  the  flue  gases  fd  be 
analyzed,  coiniect  the  eiul  E  of  the  three-way  cock  (', 
by  means  of  a  rubber  tube  of  about  ^'V  in.  inside  diameter, 
to  the  end  of  a  i^-  or  i/4-in.  piiw  leading  t«  the  boiler 
setting  of  the  furnace  from  which  the  gas  is  to  be  taken. 
Connect  the  nozzle  IS^  of  the  burette  to  the  rubber  tube 
B,  Fig.  2.  Now  liy  properly  adjusting  cocks  C  and  D, 
there  will  be  a  direct  conununication  from  the  aspirator 
to  the  flue  gases  within  the  furnace,  so  that  when  water  is 
allowed  to  flow  through  the  as])irator,  the  flue  gases  will 
be  drawn  into  the  burette.  The  funnel  F  should  be  filled 
with  water  up  to  tlie  25-c.c.  mark  and  must  be  at  this  level 
when  all  readings  are  maile.  '{"be  gas  should  be  drawn 
through  the  burette  until  all  the  air  in  the  pipes  has  bci'n 
ex])elled  and  a  fair  sample  of  gas  obtained:  then  shut 
cocks  ('  and  T>,  remove  the  tubes  from  A'  aiul  F,  and 
place  a  cork  or  piece  of  tubing  witii  one  end  closed  over 
R  to  prevent  water  leaking  out  of  funnel  /''. 


In  the  burette,  there  is  now  about  115  c.c.  of  gas  under 
a  slight  vacuum.  To  simplify  the  analysis  the  volume 
of  gas  in  the  burette  is  reduced  to  100  c.c.  by  forcing 
water  into  the  burette  ujJ  to  and  a  little  above  the  zero 
mark.  To  do  this  the  tube  A,  of  Fig.  2,  is  connected 
to  the  nozzle  A'  and  water  is  allowed  to  enter  the  bur- 
ette. Great  care  must  be  exercised  in  order  that  no  air 
enter  the  burette.  The  water  must  be  flowing  from  the 
tube  A  before  it  is  slipped  over  the  nozzle  A'^  and  the  cock 
D  must  not  be  opened  until  the  tube  is  attached.  AVhen 
the  .tube  is  removed  the  water  in  the  burette  can  be 
drained  off  to  the  zero  mark  by  cautiously  opening  cock 
D.  after  which  cock  C  should  be  opened  gently,  so  as  to 
allow  sufficient  gas  to  escape  through  the  water  in  funnel 


Fia. 


1.     BuNTE  Gas 
Burette 


Fig.  2.     Aspirator  ^I.vde  of 
Common  Pipe  Fittings 


/''.  to  reduce  the  pressure  fn  the  burette  to  that  of  the 
almospliere  plus  that  due  to  the  colunui  of  water  in  the 
funnel  /''. 

The  burette  now  contains  loo  c.c.  df  flue  gas,  composed 
of  a  mixture  of  nitrogen  (N),  carbon  dioxide  (00^),  car- 
lion  monoxide  (C)  and  oxygen  (0).  In  order  to  ascertain 
the  volume  of  each  of  these  separate  gases,  it  is  necessary 
to  place  within  the  burette  some  liquid  wliidi  will  absorb 
one  of  the  gases  present.  For  the  absorption  of  CO2,  a 
solution  of  |)nlassiiini  hydroxide  is  use<l.  The  tube  B 
is  connecteil  to  .V,  and  water  ajlowcd  to  flow  through 
the  as|)ii-ator.  thus  ]H'odncing  a  slight  vacuum  in  the  tube 
H.  so  that  by  opening  cixk  1)  the  water  in  the  burette 
tan  be  lowered  until  it  jus(,  covers  the  cock.  The  cock 
should  then  be  closed  anil  the  rubber  tube  removed.  A 
slight  vacuum  now  exists  in  the  burette  and  by  placing 
ii,  cup  (ontiilning  the  absorbing  solution,  so  that  the  end 
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-V  of  the  burette  is  flipper!  imcler  the  surfare  nf  the  liqiiiil. 
and  opening  cock  T).  the  absorbincr  lirjuid  will  rise  in  the 
l)urette  to  almost  the  zero  point,  alter  which  cock  D  is 
closed. 

To  bring  the  gas  in  contact  with  the  absorbing  liquid, 
and  hasten  the  analysis,  the  stand  and  burette  can  be 
swayed  back  and  forth  about  the  edge  A'  in  the  direction 
of  the  ari'ow,  by  placing  one  liand  at  L.  After  doing  this 
a  dozen  times  the  cnp  containing  the  absorbing  lii|uid  is 
again  held  under  the  end  of  the  burette  and  cock  77 
opened.  If  no  lii|uid  enters  the  tube  the  absorjition  is 
complete. 

See  that  funnel  F  is  now  filled  with  water  to  the  2.5- 
c.c.  mark,  and  open  cock  C  so  that  water  can  flow  into  the 
burette,  at  the  same  time  adding  sufficient  water  to  main- 
tain the  proper  level  in  F.  When  no  more  water  will  enter 
the  burette,  close  the  cock. 

Xow  the  volume  of  li(]uid  contained  in  the  I)iirctte 
above  the  zero  mark  can  be  read  off  and  it  will  be  e(|ual  to 
the  volume  of  CO,  gas  contained  in  the  original  sample 
of  100  cc,  or  in  other  words  it  will  lie  the  percentage 
by  volume  of  the  COo  present  in  the  fine  gas. 

To  continue  the  analysis  and  find  the  amount  of  CO 
present,  first  wash  out  the  burette  by  opening  cocks  D 
and  C,  so  as  to  allow  water  to  flow  through  it,  taking 
care  that  there  is  always  water  above  both  of  these  cocks 
to  prevent  loss  of  gas.     When  a  pint  or  so  of  water  has 


been  passed  through  the  burette,  cocks  7)  ai;d  C  are  closed. 
The  water  in  the  burette  should  stand  at  the  same  level 
as  the  absorbing  liquid  did  when  the  reading  for  the  per- 
centage of  CO,  was  taken.  From  this  point  on  the  methoil 
of  analysis  for  CO  is  the  same  as  described  above  for 
C0„.  The  aspirator  is  iL<ed  to  form  a  vacuum  in  the  bur- 
ette and  llicii  a  cup  containing  a  solution  of  cuprous 
chloride  is  placed  \nuler  the  nozzle  -V  and  cock  D  opened, 
whereupon  the  li(|uid  is  drawn  from  the  cup  into  the  bur- 
ctle.  The  apparatus  is  swayed  back  and  forth  several 
t'mes  and  more  .solution  put  in  the  burette,  after  which 
cock  C  is  opened  for  a  second  or  two  to  allow  sufficient 
water  to  enter  the  burette  to  overcome  any  slight  vacuum 
existing  therein.  The  height  of  the  liquid  can  then  be 
read  off,  which,  after  deducting  the  former  reading  for 
the  COo,  gives  the  percentage  of  CO  contained  in  the 
original  sample  of  flue  gas. 

To  analyze  for  oxygen  the  same  method  of  procedure  as 
described  for  CO  is  to  be  followed  with  the  exception  of 
the  difference  in  the  absorbing  solution  to  be  used. 

The  description  of  the  method  for  analyzing  flue  gases 
with  the  above  instrument,  requires  more  time  than  the 
actual  analysis  itself.  It  is  an  easy  matter  to  make  a 
complete  analysis  in  less  than  five  minutes.  The  opera- 
tion is  simple  when  once  understood  and  the  outfit  will 
give  satisfaction  in  the  hands  of  anyone  who  will  handle 
it  with  reasonable  care. 
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By  (ioKDON'  Fox 


SYNOPSIS — Direct-nirrenf  motorx  are  dixcn-'ised  ax  to 
ilieir  j/rin.dples  of  operation,  their  classification,  cliarac- 
teristici  and  speed  coiitroL 

The  frame  of  a  direct-current  motor  consists  essen- 
tially of  a  stationary  outer  magnetic  ring  or  yoke  to 
which  is  attached  two  or  more  polepieces  projecting  ra- 
dially inward.  The  yoke  is  commonly  madje  of  cast  iron 
or  cast  steel  and  the  polepieces  are  bolted  to  or  cast  into 
its  inner  circumference.  Around  the  polepieces  are  wound 
the  magnetizing  coils  of  copper  wire,  and  upon  the  shaft 
is  mounted  a  cylinder  composed  ordinarily  of  sheet-steel 
puuchings.  These  are  punched  out  in  such  a  way  as  to 
present  on  the  surface  of  the  cylinder  a  series  of  slots 
parallel  with  the  shaft ;  in  these  slots  are  arranged  the 
armature  coils,  the  whole  rotating  element  being  called 
the  armature.  The  ends  of  the  coils  are  connected  to  the 
commutator  mounted  in  front  of  the  drum  on  the  shaft 
and  rotating  with  it.  Brushes  bear  upon  the  commu- 
tator and  to  these  the  armature  terminals  of  the  motor 
are  connected.  The  action  of  the  current  in  the  armature 
conductors  upon  the  magnetic  field  through  the  drum 
results  in  a  turning  effort  which  rotates  the  drum.* 

The  action  of  a  direct-current  motor  is  as  follows :  The 
armature  is  subjected  to  approximately  the  full  line  volt- 
age, as  its  terminals  are  "commonly  connected  to  the  two 
line  wires  when  in  operation.     The  electrical  resistance 

•See  r.art  1,  page  420,  Sept.  22  issue. 


of  the  armature  circuit  is  small.  Current  passing  through 
the  armature  conductors  reacts  upon  the  field  magnetism 
to  set  the  armature  into  rotation.    As  soon  as  the  arma- 
ture begins  to  rotate,  its  conductors  begin  to  cut  tlie  mag- 
netic lines  of  force  emanating  from  the  field  poles,  and 
this  action,  following  the  laws  of  the  electric  generator, 
sets   up   in    tlifi    armature   conductors   an    electromotive 
force  in  opposition  to  the  voltage  of  the  external  circuit. 
As  the  motor  increases  its  speed,  this  counter  electromo- 
tive force  increases  in  value,  but  it  cannot  quite  equal 
the  impressed  voltage.     The  motor  attains  such  a  speed 
that  the  counter  voltage  is  less  than  the  imprfssed  by 
an  amount  such  that  the  voltage  difference  is  just  suffi- ' 
cient  to  force  through  the  resistance  of  the  armature  cir- 
cuit a  current  sufficient  to  react  xipon  the  field  magne- 
tism and  produce  a  torque  equal  to  the  mechanical  couple 
demanded  by  the  external  load.    If  the  load  increases  the 
motor  decreases  its  speed  slightly,  the  counter  electro-  i 
motive   force    decreases    and    the    voltage    difference    in-  ; 
creases.    An  increased  current  is  thus  forced  through  the 
armature,  producing  sufficient  torque  to  carry  the   in-  • 
creased  load.  The  characteristic  performance  of  all  types  ' 
of  direct-current  motors  can  most  readily  be  understood  ^ 
if  these  facts  are  constantly  borne  in  mind. 

It  will  be  seen  that  the  speed  of  a  motor  depends  upon 
the  relation  of  the  impressed  voltage  to  the  counter  volt- 
age.    The  latter  is  proportional  to  the  number  <if  con- 
ductors  connected  in  series  in  the  armature  and  the  in-  j 
tensity  of  tlie  field  majinetism.     If  two  armatures  were  Ij 
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operated  in  the  same  field  frame,  one  built  with  twice  a* 
many  turns  in  series  a.s  the  other,  then  the  first  would  ro- 
tate at  half  the  speed  of  the  second.  If  a  motor  be  op- 
erated at  a  given  speed  with  the  field  magnetism  at  a 
given  intensity  and  the  intensi^iy  be  decreased,  then  the 
motor  will  increase  its  speed.  This  is  evident  for  it  will 
be  necessary  for  the  armature  conductors  to  pass  the 
poles  more  rapidly  in  order  to  cut  the  same  number 
of  magnetic  lines  in  a  given  time  and  maintain  approxi- 
mately the  same  counter  voltage.  Tlw?  various  speed 
characteristics  obtained  with  direct-current  motors  all  de- 
pend fundamentally  upon  the  relations  of  speed  to  coun- 
ter voltage  and  counter  voltage  to  field  magnetism. 

Direct-current  motors  are  ordinarily  classified  as  being 
shunt  wound,  series  wound  or  com])ound  wound.  This 
classification  is  based  upon  the  method  of  connecting  the 
field-magnet  coils.  It  will  be  reuLembered  that  the  speed 
and  torque  characteristics  are  directly  dependent  upon 
the  field  intensity.  If  this  intensity  is  made  to  vary  in 
different  ways  the  characteristics  of  the  niutur  are  con- 


It  is  consistent  with  practically  all  electrical  machinery 
that  the  larger  units  show  slightly  better  performance 
than  the  smaller  ones.  For  instance,  a  5-lip.  motor  ha.^ 
a  full-load  efficiency  of  about  85  per  cent.,  whereas  a 
100-hp.  motor  will,  at  full  load,  have  an  efficiency  of 
90  per  cent,  or  higher.  As-  a  general  rule,  motors  show 
their  best  efficiency  when  fully  loaded.  For  instance,  a 
5-hp.  motor,  carrying  a  5-hp.  load,  has  an  efficiency  of  85 
per  cent.,  whereas  a  10-hp.  motor  carrying  a  5-hp.  load 
has  an  efficiency  of  about  83  per  cent.  The  efficiency 
of  direct-current  motors  is  independent  of  the  speed, 
that  is,  a  lO-hp.  motor  at  1800  r.p.m.  and  one  at  600 
r.p.m.  will  ordinarily  have  about  the  same  eflSciencies. 

There  are  two  features  which  limit  the  load  any  direct- 
current  motor  will  carry;  these  are  commutation  and 
heating.  When  heavily  overloaded  a  motor  will  spark  at 
the  brushes  and  roughening  of  the  commutator  will  re- 
sult. Due  to  inevitable  losses  in  a  motor  heat  is  gener- 
ated and  the  temperature  of  the  working  parts  will  rise. 
Excessive  temperatures,  ordinarily  over  90  deg.   ('.,  are 
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trolled  in  a  corresponding  degree.    The  three  types  o 
rect-current  motor  will  be  considered  separately. 

Shunt-Wound  Motors 
In  a  simple  shunt-wound  motor  thxi  terminals  of  the 
fiehl  circuit  are  connected  directly  across  the  line.  The 
field  is  thus  subjected  to  the  full  line  voltage  and  the  field 
intensity  will  remain  ajiproximately  constant  regardless 
of  the  load  upon  the  machine  and  the  current  in  the 
armature.  This  motor,  then,  is  essentially  a  constant- 
speed  machine,  although  actually  the  speed  docs  (lecrea.se 
from  three  to  five  per  cent,  from  no  load  to  full  load. 
The  speed  is  also  affected  by  the  temperature  of  the  field 
coils  and  i.s  higher  when  they  are  hot,  due  to  the  in- 
creased resistance  of  the  coils  which  reduees  the  field 
current.  The  sjieed  can  be  changed  slightly  by  shifting 
the  brush  position  on  the  commutator,  but  the  commuta- 
tion is  affected  if  the  bruslu-s  are  not  correctly  located. 
Fig.  1  shows  diagramniatically  the  connections  of  a  sim- 
ple two-pole  shunt-wound  motor,  and  Fig.  4  gives  the 
characteristics  of  a  typical  shunt-wound  motor.  It  will 
be  noted  that  the  speed  decreases  slightly  with  an  in- 
crease in  load,  that  the  efficiency  is  high  over  a  consider- 
able range  of  load,  and  that  the  torque  is  almoiit  directly 
proportional   to  the   armature  current. 


Series  JIotor 
li- 
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detrimental  to  the  insulation  of  the  coils.  Standard 
horsepower  ratings  are  based  upon  a  rise  of  40  deg.  (". 
above  the  surrounding  air.  It  is  evident  that  increased 
load  involves  increased  los.ses.  It  will  carry  overloads 
for  short  i>eriods,  the  duration  varying  inversely  with 
the  amount  of  overload.  A  good  motor  will  carry  100 
])er  cent.  o\erload  momentarily  without  injurious  spark- 
ing. 

The  shunt-wound  motor  finds  a  wide  field  of  applica- 
tion in  industrial  service,  since  a  large  and  varied  class 
of  machines  require  constant-speed  motors  with  charac- 
teristics such  as  are  possessed  by  the  shunt  motor.  This 
motor  is  also  commoidy  used  for  group  and  line-shaft 
drives. 

Skriics  Motor 
The  series  motor,  as  its  name  implies,  has  its  field  cir- 
cuit connected  in  series  with  the  arnuUure,  as  shown  in 
Fig.  2.  The  wire  in  the  field  coils  is  necessarily  large 
in  order  to  carry  the  total  load  current,  whereas  in  the 
shunt-wound  motor  the  field  coils  are  made  up  of  a  large 
number  of  turns  of  small  wire  carrying  a  current  per- 
haps one-fiftieth  of  the  vahu-  of  the  armature  current. 
The  characteristics  of  the  series  motor  differ  radically 
from  those  of  the  shunt   motor.     The   field   being  con- 
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iix'rtL'd  ill  series  with  the  armature,  its  strength  is  pro- 
portional to  the  load  on  the  motor.  Thus,  as  load  is  added 
the  field  current  increases  and  the  field  magnetism  grows 
more  intense ;  this  acts  to  reduce  the  rotative  speed.  The 
series  motor  runs  very  slowly  under  heavy  loads  and  the 
speed  increases  rapidly  as  the  load  is  decreased.     If  the 


Amperes,  Input 
Fig.  i.     CuAiiACTEiusTics  OF  Shuxt  Motou 

load  be  entirely  removed,  the  current  is  so  small  that  the 
field  magnetism  is  almost  nil  and  the  armature  must  rotate 
at  an  enormous  speed  to  maintain  its  counter  electromo- 
tive force.  Therefore,  series  motors  are  said  to  "run 
awa}-"  on  no  load  and  they  are  seldom  used  where  it  is 
possible  for  the  load  to  be  entirely  removed. 

An  increase  in  current  in  a  series  motor  not  only  in- 
creases the  torque  directly,  but  also  by  strengthening  the 
field  magnetism ;  therefore,  the  torque  of  this  motor  is 
extremely  high  under  heavy  loads  where  the  heavy  cur- 
rent operates  the  iron  far  above  the  saturation  point. 
The  standstill  torque  of  a  aeries  motor  may  be  several 
times  the  full-load  torque.  Fig.  5  illustrates  the  charac- 
teristics of  a  typical  series  motor  designed  for  crane  and 
hoisting  service. 

The  eiSciencies  of  series  motors  depend  largely  upon 
the  ratings,  which,  in  turn,  are  based  upon  temperature 
rises,  but  as  they  are  commonly  used  for  intermittent 
service  the  ratings  ordinarily  specify  rises  of  from  40  to 
55  or  even  70  deg.  C.  for  short  periods  of  full-load  op- 
eration. In  intermittent  service  it  is  figured  that  during 
the  periods  of  rest  much  of  the  heat  generated  during  pe- 
riods of  action  will  be  radiated.  The  rating  used  de- 
jjeuds  largel}-  upon  the  percentage  of  the  time  that  tlie 
motors  are  in  use. 

Series  motors  are  used  almost  e.xclusively  in  traction 
service  and  for  cranes,  hoists,  winches,  presses  and  many 
classes  of  service  where  heavy  torques  at  low  speeds  and 
excessive  starting  torques  are  retpiired.  Although  in 
most  casjes  the  service  is  intermittent,  they  find  many  ap- 
plication? for  continuous  service. 

COMPOUXD-WOUXD    MOTOItS 

Compound-wound  motors  are  a  comlnnation  of  the  ser- 
ies- and  the  shunt-wound  types,  there  being  two  entirely 
separate  sets  of  coils  upon  the  field  poles.  One  set  con- 
sisting of  many  turns  of  fine  wire  is  connected  across  the 
line  as  in  a  shunt  motor.  The  other  set,  consisting  of  a 
few  turns  of  coarse  wire,  is  connected  in  seriefs  with  the 


armature.  If  the  shunt  and  series  coils  act  in  the  same 
direction,  the  motor  is  said  to  be  cumulatively  compound 
wound;  if  they  act  in  opposition,  it  is  differentially  com- 
pound wound.  Fig.  3  illustrates  diagrammativally  the 
connections  of  a  cumulatively  compound-wound  motor. 
The  magnetizing  effect  of  a  coil  of  wire  is  measured  by 
the  number  of  ampere-turns,  that  is,  the  product  of  the 
current  in  amperes  by  the  number  of  complete  turns  of 
wire.  Thus  the  shunt  coil  having  a  small  current  flowing 
through  a  large  number  of  turns  may  have  a  magnetiz- 
ing effect  comparable  with  the  series  coil,  which  has  a 
heavy  current  flowing  through  a  few  turns.  The  ratio 
of  series  to  shunt  ampere-turns  may,  of  course,  be  varied 
between  any  limits.  Some  motors  are  built  with  only 
about  10  per  cent,  shunt  ampere-turns  to  prevent  the 
motor  from  running  too  fast  on  light  loads;  others  are 
built  with  as  low  as  5  per  cent,  series  ampere-turns.  Or- 
dinarily about  20  per  cent,  of  the  ampere-turns  at  full 
load  are  in  the  series  coils  and  the  motors  are  said  to 
have  20  per  cent,   compounding. 

The  characteristics  of  compound-wound  motors  com- 
bine in  varying  degrees  the  features  of  shunt  and  series 
motors.  Thu.s  cumulatively  compound-wound  motors, 
which  are  much  the  more  common  type,  have  speeds 
which  decrease  with  an  increase  of  load  and  torques 
v.hich  increase  rapidly  with  an  increase  of  load.  Fig.  6 
illustrates  the  characteristics  of  a  typical  20  per  cent, 
compounded  motor. 

In  a  differentially  compound-wound  motor  the  field  in- 
tensity is  weakened  as  the  load  increases,  since  the  series 
coils  are  in  opposition  to  the  shunt  coils.  Thus  the 
speed  increases  with  an  addition  of  load.  In  some  cases 
tills  gain  in  speed  will  increase  the  load,  which  in  turn 
will  again  raise  the  speed  until  a  point  is  reached,  such 
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Amperes,  Input  p=i 

Chaeacteristics  of  Series  Motor 


tliat  the  series  turns  predominate  over  the  shunt  turns 
The  motor  will  then  suddenly  stop  and  reverse  rotation 
Due  to  its  unstable  and  undesirable  characteristics,  this 
type  is  little  used. 

Compound-wound  motors  are  used  largely  for  elevatoi 
service  where  a  heavy  starting  torque  and  a  fairly  con 
slant  running  speed  are  required.  They  also  find  man] 
industrial  applications  for  pumps,  compressors,  shears 
reciprocating  machine  tools,  etc.,  where  irregular  load 
with  severe  peaks  are  encountered  together  with  a  de 
niaiid  for  fairly  constant  rotative  speeds.     Furthermore 
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ll,c  <-()nipouiul  motor  is  well  ailapted  for  use  on  circuits 
subject  to  voltage  fluctuations,  such  as  trolley  circuits. 
This  is  because  an  increase  in  voltage  tends  to  increase 
the  speed  to  enable  the  counter  voltage  to  increase.  An 
nicrease  in  speed  is  attended  by  an  increase  in  load.  The 
series  turns  of  the  field  therefore  increase  their  effort 
and  strengthen  the  magnetism.     This  helps  to  increase 
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the  counter  \i)ltage.  Therefore,  an  iiicrea-'^e  in  voltage 
is  not  attended  by  a.s  great  a  speed  change  for  a  com- 
pound-wound motor  as  would  be  the  case  were  a  shunt 
motor  used.  For  this  service  then,  the  compound  motor 
operates  more  \uiiformly. 

S)M:i:n  (Dnikoi. 

li    will    be    noted    that    in    tlii'    t\iies    mentioned,    the 

changes  in  speed  are  automatic,  a  given  speed  in  each  ease 

roiresjionding  to  a  given   load.     However,  it  is  possible 

to  c(uitrol  the  speed  of  a  direct-eu I'rent  motor  by  external 
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nicans.  I{eturning  to  the  fact  that  the  speed  is  de]ien- 
denl  upon  the  inten.sity  of  the  field  magnetism,  it  will 
l)e  ~ecn  thai  if  the  field  current  be  changed  the  magne- 
lisin  is  changed  and  the  speed  is  affected  in  a  correspond- 
ing ilegree.  'I'berefore,  if  a  \ariable  resistance  is  con- 
lected  in  series  with  tiie  slnint  field  of  a  shunt  motor  or 
1  mmpotind-wound  motor,  liaving  a  small  degree  of  coni- 
)Ounding,  it  is  ea.'<y  to  adjust  the  s])eed  to  any  desired 
Joint.  The  sjieed  will  then  n'niain  approximately  con- 
•tant  at  that  point  regardless  of  ciianges   in   load.    The 


motor  is  designed  to  operate  at  the  lowest  speed  in  its 
range  as  a  simple  shunt  motor.  As  resistanc-e  is  intro- 
duced into  the  shunt  field  circuit,  the  speed  increases  un- 
til a  point  is  reached  such  that  centrifugal  stresses  or 
commutating  conditions  prohibit  further  increase.  Mo- 
tors are  commercially  built  with  speed  ratios  of  two  to 
one,  tlii-eo  to  one  or  four  to  one,  and  they  have  been  built 
f(ir  ratios  as  high  as  six  to  (Uie.  In  other  words,  the 
iiiaxiiHiini  speeil  may  be  twe.  three,  four,  five  or  even  six 
times  the  minimum  si)eed  and  tin;  motor  mav  be  operated 
nt  any  intermediate  speed,  the  number  of  increments  of 
Sliced  dciK'nding  upon  the  number  of  divisions  of  resist- 
ance in  the  controller. 

The  factors  which  limit  the  horsepower  rating  of  an 
adjustable-speed  motor  are  heating  and  commutation,  the 
maximum  temperatures  being  olitained  ordinarily  when 
operating  at  minimum  s]iecd.  Consequently  the  frame 
size  must  correspond  to  ibat  nf  a  constant-speed  motor 
rated  at  the  speed  coi-vespdiiding  to  the  nn'nimum  speed 
of  the  adjustahle-speed  ludfur.  A  ."i-bp.,  400,  tfiOO-r.p.m.. 
adjustable-speed  motoi-  a)id  a  -"i-lip.,  400-r.ii.ni.,  constant- 
speed  motor  are  iip]u-(i\imately  the  same  size-.  Motors 
designed  for  low  speeds  are  much  larger  and   more  ex- 
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l)ensive  than  tliose  delivering  the  same  horsepower  at 
higher  s])eeds,  due  to  the  larger  torcpie  required  i)er  horse- 
power out]iut  at  low  s])eeds.  Thi.s  being  the  case,  a  drive 
using  a  variable-sp(>ed  motor  is  usually  more  rostly  than 
one  using  a  high  constant-speed  motor  with  mechanical 
speed-changing  devices. 

('oMMri'AI'iVd     i'OI.KS 

As  previously  stated,  speed  control  in  adjustable-speed 
motors  is  ol)tained  by  decreasing  the  field  magnetism. 
^\■hen  the  Held  is  weakened  the  effects  of  '"armature  re- 
action" arc  apt  to  cause  sjiarking  at  the  hriishes.  The 
ai-niatnn>  is  made  up  of  an  inm  drum  with  coils  cm- 
liecldcd  in  slots  in  its  surface.  The  current  llowing  in 
these  armature  coils  when  the  motor  is  under  load  sets 
ep  a  magnetic  field  acting  in  a  way  similar  to  an  elec- 
li'omagnetic  coil;  this  action  will  be  seen  from  Fig.  7, 
which  illustrates  the  cross-section  of  a  motor  and  the  so 
called  "cross-nnignetizing"  effect  of  the  field  set  up  by  the 
current  in  the  arnuiture  coils.  This  action  is  called 
armature  reaction  and  its  elfecf  is  to  shift  the  "neutral 
l)oinl"  or  jiosilion  win-re  the  brushes  should  be  located. 
The  greater  the  load  the  more  the  neutral  point  is  shifted 
in  a  direction  against  the  rotation.  When"  the  field  is 
weakened  in  an  a<ljustable-s])eed  motor  the  relative  ctTect 
of  the  armature  magnetizing  force  is  greatly   increased. 
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the  neutral   is  shil'tea  iiiiite  ituiterinlly  niul  sparking  re- 
sults. 

It  has  been  cliscovercd  that  a  set  of  narrow  poles  may 
be  introduced  niidwav  between  the  main  poles  and  if 
these  are  properly  magnetized  they  will  oppose  the  cross- 
magnetizing  effect  of  the  armature.  As  the  latter  is 
roughly  proportional  to  the  load  the  magnetizing  effect 
of  these  "interpoles"  should  change  in  a  like  manner. 
This  result  is  attained  by  connecting  the  interpole  coils 
in  series  with  the  armature  so  that  the  same  current  flows 
throiigh  the  interpole  and  armatiire  circuits.  Practic- 
ally all  adjustable-speed  motors  are  now  supplied  with 
interpoles,  and  they  are  also  being  used  extensively  in 
constant-speed  motors  for  500-volt  service  or  wherever 
commutation  is  likely  to  be  imperfect  without  their  use. 

Adjustable-speed  motors  are  widely  used  for  individual 
drives  where  speed  control  is  desirable,  especially  for  ma- 
chine-tool work.  The  ease  with  which  the  speed  may  be 
changed  is  a  strong  factor  in  obtaining  maximum  pro- 
duction from  all  machines,  the  outputs  of  which  are  de- 
pendent upon  the  speed. 

The  speed  of  a  motor  may  be  decrea.<cd  Ijy  decreasing 


about  2  per  cent,  of  the  total  current,  the  loss  of  power 
through  the  inserted  resistance  is  small.  In  the  arma- 
ture-resistance method  of  control,  the  entire  load  current 
passes  through  the  resistance,  and  a  considerable  loss  of 
power  results. 

The  armature-resistance  method  is  used  almost  exclu- 
sively for  traction  service,  for  cranes  and  hoists  and  for 
operations  where  the  speed  is  constantly  manually  ad- 
justed. It  is  also  used  for  printing-press  drives  and 
for  blowers  an'd  fans  where  the  maximum  motor  capacity 
is  required  at  high  speeds,  where  the  torque  at  a  given 
speed  is  quite  constant  and  where  the  reduction  of  load 
under  decreased  speeds  lessens  the  losses  considerably. 

The  armature  resistance  method  of  speed  control  is  used 
in  practically  all  sizable  direct-current  motors  at  the 
starting  period.  The  load  current  in  a  motor  was  shown 
to  be  controlled  by  the  counter  voltage.  At  the  instant 
of  starting  the  motor  from  rest,  no  counter  voltage  ex- 
ists and  if  the  full  line  voltage  were  impressed  upon 
the  terminals  of  a  motor  at  rest,  an  enormous  curreiil 
would  flow  through  the  armature,  causing  trouble  and 
likely   affi'cting  the   source  of   power.     To  obviate   this 


Fig.  9. 


Fig.  10. 
Types  of  Starting  Rheostats 


Fig.  11. 


the  voltage  impressed  upon  the  armature.  This  is  due 
to  the  fact  that  when  the  impressed  voltage  is  reduced 
the  counter  voltage  needed  is  also  reduced  and  the  motor 
will  decrease  its  speed  to  decrease  the  counter  voltage. 
Fig.  8  shows  a  shunt  motor  with  a  resistance  connected 
in  series  with  the  armature  circuit.  The  armature  cur- 
rent flowing  through  this  resistance  causes  a  diop  in  volt- 
age, so  that  the  voltage  at  the  armature  terminals  is  less 
than  that  of  the  line.  By  changing  the  amount  of  re- 
sistance in  the  controller,  the  speed  of  the  motor  is  ad- 
justed. This  method  of  speed  control  has  two  great  dis- 
advantages for  most  service  requirements;  namely,  un- 
steadiness and  inefficiency.  If  an  increase  of  load  oc- 
curs, the  armature  current  will  be  strengthened  and  this 
increased  current  through  the  controller  resistance  causes 
a  greater  drop  in  voltage  at  the  armature  terminals ;  the 
speed,  therefore,  drops.  It  will  be  seen  then  that  with 
thi?  method  of  control  the  speed  fluctuates  with  every 
■ohange  of  load. 

It  will  he  rememhered  that  for  the  field-coulrol  method 
of  adjusting  speeds,  a  resistance  was  inserted  in  the 
sbuEt^field  circuit.     The  shunt-field  current  being  only 


the  motor  is  first  connected  to  the  line  through  a  resist- 
ance in  series  with  the  armature.  This  is  cut  out  in 
steps  as  the  motor  attains  speed  and  the  starting  cur- 
rent is  kept  within  the  limits  of  usually  150  per  cent, 
full-load  current.  This  starting  arrangement  is  called 
a  starting  box  or  rheostat,  and  is  shown  in  Fig.  9.  Most 
starting  boxes  are  provided  with  a  no-voltage  release  at^ 
tachment,  which  automatically  holds  the  starting  lever  id 
running  position,  as  long  as  the  line  voltage  holds.  In 
case  the  supply  voltage  fails,  the  lever  is  released  to  the 
off  position,  so  that  full  voltage  cannot  be  impressed  iipoi 
the  motor  at  rest. 

Fig.  10  illustrates  a  starting  box  combined  with  field 
control  resistance.  The  circuits  are  arranged  so  tha' 
the  motor  is  brought  up  to  speed  vvnth  full  line  voltag 
impressed  upon  the  shunt  field.  The  field  being  strom 
tlie  starting  torque  is  heavy  and  the  starting  current  low 
The  large  segments  are  the  starting  contacts  and  th 
small  segments  are  the  field-control  contacts. 

Fig.  11  shows  a  drum  controller.     These  are  largel 
I'sed  with  series  motors,  and  are  often  provided  with 
magnet  which  draws  the  arcs  at  the  contact  points. 
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By  Lewis  Jone,s 


'NOPSIS — A  short  statemenf  of  the  conditions  vMch 
',ermine  whether  the  installation  of  a  fuel  economizer 
lil-elji  (o  prove  profitable  or  economical. 

A.  fuel  economizer  is  usually  mane  of  vertical  cast-iron 
)es,  arranged  in  banks  in  the  path  of  the  hot  flue  gas 
;ween  the  boiler  and  the  uptake,  through  which  the  feed 
ter  passes  in  a  counter  direction  toward  the  boiler, 
lat  is  transferred  to  the  water  in  proportion  to  the  tem- 
:ature  difference  between  the  gas  and  water  and  the 
la  of  the  tube  surface.  Ordinarily  from  25  to  35  per 
it.  of  the  total  heat  of  the  fuel  escapes  by  way  of  the 
mney.  All  of  the  heat  abstracted  by  the  economizer 
m  the  flue  gases  constitutes  a  proportionate  gain, 
rhe  function  of  the  economizer  is  identical  with  that 
the  feed-water  heater  using  exhaust  steam.  The  dif- 
ence  is  in  the  temperature  of  the  exhaust  steam  and 
it  of  the  flue  gas ;  the  former,  at  atmospheric  pressure, 
Dnly  212  deg.  F.,  while  the  latter  sometimes  ranges  as 
fh  as  600  to  700  deg.  Therefore,  the  water  can  be 
sed  to  a  much  higher  temperature  in  the  economizer 
m  in  the  exhaust-steam  hentcr. 

rhere  is  another  advantage  in  heating  the  water  to  a 
rh  degree  before  it  enters  the  boiler — i.e.,  the  scale- 
ming  elements  in  the  water  are,  to  a  lai'ge  extent,  ar- 
ted  and  precipitated  into  the  sediment  chamber  of  the. 
inomizer  in  the  form  of  sludge,  which  can  be  easily 
shed  out  and  does  not  enter  the  boiler.  The  same  re- 
t  is  sometimes  accomplished  by  using  a  live-steam 
iter.  As  the  exterior  surfaces  of  the  economizer  tubes 
■umulate  soot  rapidly,  on  account  of  the  lowered  gas 
iperature  and  the  sweating  effect,  mechanical  scrapers 

■  almost  always  provided;  they,  however,  must  be  in 
istant  motion  to  keep  the  tubes  reasonably  clean.  The 
eiency  of  the  economizer,  like  that  of  a  boiler,  decreases 
)idly  with  the  accunndation  of  soot. 

rhe  proportion  of  heating  surface  in  the  economizer 
that  of  the  boiler  or  boilers  to  which  it  is  connected, 
)ends  on  the  relation  of  the  heating  surface  to  the 
ite  area  in  the  boiler  and  on  the  operating  conditions 
general.  If,  for  any  reason,  the  boiler  is  unable  to 
itract  the  heat  generated  in  the  furnace,  the  flue  gas 
1  be  excessively  hot,  requiring  a  greater  amount  of  sur- 
e  in  the  economizer  to  take  uj)  this  heat.  At  the  same 
le,  it  will  increase  the  temperature  of  the  feed  water 
a  greater  extent,  and  will  efl'ect  a  higher  evaporation 

■  pound  of  coal.  The  proportions  recommended  by  the 
nufacturers  are  from  21A  to  5  sq.ft.  of  tube  surface 

■  boiler  horsepower,  or  from  l/j  to  I/2  the  boiler-heating 
[face,  when  the  flue  gas  ranges  from  350  to  650  dog. ; 

n  its  temperature  is  not  over  350,  there  is  little  benc- 
in  allowing  more  than  21/^  sq.ft.  of  surface  per  boiler- 
scpower  in  'he  e-onomizcr. 

The  returns  lo  be  expected  will  be  from  15  to  35  ]ier 
t.  in  capacity  and  from  7  to  15  per  cent,  in  economy. 

.s  obvious  that  the  percentage  of  saving  (economy) 
I  the  increased  capacity  need  not  necessarily  be  the 
le,  because  the  evaporation  per  pound  of  coal  may  be 
ter,  while  the  demand  for  steam  remains  the  same; 
in  the  other  ease,  the  capacity  may  ])e  greatly  increased 
sacrificing  the  eeonomyto  this  end. 


Whether  the  results  are  likely  to  be  satisfactory  will 
depend  on  the  purpose — i.e.,  whether  to  supply  a  demand 
for  increased  steaming  capacity  or  for  economy  in  llio 
use  of  fuel. 

The  two  questions  are:  If  intended  for  greater  ca- 
pacity, will  it  supply  the  desired  amount,  or  will  an  ail- 
ditional  boiler  be  more  desirable  or  even  ultimately  neces- 
sary?   If  for  economy,  will  it  pay  as  an  investment? 

The  capacity  is  mentioned  first  because,  if  it  is  to  be 
depended  upon  for  a  defuiite  increase  in  steaming  ca- 
pacity, greater  care  is  necessary  to  obtain  data  in  order 
not  to  be  disappointed,  if  a  certain  increase  in  capacity  is 
imperative  and  the  econcmizer  fails  to  produce  it,  the  con- 
dition is  more  serious  than  if  a  certain  economy  is  ex- 
pected but  not  realized. 

Primarily,  the  temperature  of  the  flue  gas  should  be 
tested.  If  it  is  high,  why  is  this  so?  Is  it  because  the 
boiler  is  operated  beyond  its  economical  capacity  and  the 
heating  surface  is  insufficient,  or  is  it  because  the  boiler 
is  foul  from  soot  and  scale?  If  the  former,  an  economizer 
will  increase  both  the  capacity  and  the  economy  of  the 
plant.  If  the  latter,  it  is  likely  .hat  little  benefit  will  be 
derived,  notwithstanding  the  high  gas  temperature,  be- 
cause the  economizer  is  also  likely  to  be  neglected.  Will 
the  15  to  35  per  cent,  of  extra  capacity  be  sufficient,  or 
will  an  extra  boiler  also  be  necessary  with  the  economizer? 

If  considered  for  economy  and  not  extra  steaming  ca- 
pacity, will  it  pay  as  an  investment?  The  accepted  average 
saving  in  fuel  is  one  per  cent,  for  every  11  degrees  in- 
crease in  temperature  in  the  feed  water,  or  a  fuel  saving 
ranging  from  7  to  15  per  cent.,  less  the  operating  costs. 

The  difference  in  the  temperature  of  the  gas  on  enter- 
ing and  leaving  the  economizer  will  indicate  the  amount 
of  heat  absorbed  by  the  water.  This,  in  turn,  is  deter- 
mined by  the  tem]Terature  of  the  feed  water  on  entering 
and  leaving  the  economizer.  If  no  exhaust  is  available  to 
heat  it,  then  the  economizer  has  the  entire  heating  func- 
tion to  perform,  and  will  produce  correspondingly  greater 
results  as  the  entering  water  is  colder. 

It  is  important  that  the  temperature  at  which  it  is  sent 
to  the  economizer  should  not  be  less  than  about  100  deg. ; 
in  many  ca.st>s.  the  temperature  is  considerably  below  this, 
and  causes  what  is  known  as  dewing  or  sweating  of  the 
pipes.  The  result  is  that  the  vaporous  portions  of  the 
flue  gas  condense  on  the  bottom  boxes  and  lower  ends  of 
the  ]>ipes,  causing  rapid  corrosion ;  ahso,  the  soot  cakes 
bard  on  the  tubes  and  in  time  prevents  the  scrapers  from 
Working. 

The  counterfldxv  priiuiple  allows  the  colder  feed  water 
to  come  into  contact  with  the  cooler  gas,  and  advance 

The  kind  of  draft,  natural  or  artificial,  also  enters  into 
the  investment  consideration.  If  natural  draft  is  al)und- 
ant,  it  is  likely  to  cause  excessive  air  in  the  furnace,  with 
low  CO..  The  greater  the  excess  of  air  \ised  per  jiound 
of  coal  burned,  the  greater  (he  ])roportion  of  saving  the 
economizers  sbotild  show.  An  economizer  will  tend  to 
correct  both  losses  by  slightly  reducing  (he  draft,  and  also 
by  absorbing  the  heat  from  the  excess  heated  air.  If, 
however,  the  natural  draft  is  near  the  minimum,  it  is 
likely  that  the  reduction  in  the  gas  temperature  and  th(! 
iili<truction   by  the  economizer  will   prove  too  much,   re- 
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quiring  a  forced  or  induced-draft  fan  equipment.  In 
this  case,  the  first  cost  is  enhanced  and  the  operating 
cost  is  greater;  therefore,  the  proposition  becomes  let^s  at- 
tractive. If,  in  the  third  case,  the  draft  is  bad,  a  fan 
will  prove  profitable  with  or  without  the  economizer,  and 
should  not  be  charged  against  the  first  cost  of  the  econo- 
mizi.1  equipment:  nor  should  all  the  good  results  be  at- 
tributed to  the  economizer. 

The  loss  in  draft  in  the  economizer  is  from  0.15  to  0.40 
in.  of  water.     Cost  of  maintenance  and  upkeep  must  be 


taken  into  account,  because  no  part  of  the  plant  will  sIkiw 
a  wider  range  of  results  diTe  to  care  or  neglect  than  an 
economizer.  Therefore,  if  the  plant  is  kept  in  the  best 
condition,  and  the  best  results  are  obtained  with  a  given 
equipment,  the  economizer  will  probably  be  well  taken 
care  of  and  prove  a  good  investment;  but  if  losses  are  due 
to  neglect  or  ignorance  of  either  the  employer  or  the  em- 
ployee, then  the  addition  of  an  economizer  becomes  a 
questionable  proposition,  or  even  detrimental  and  some- 
times dauurerous. 


'©^?^ini-Dirafil  F^Fimac* 


By    OsHOItX    Mo-NNHTTf 


SYXOPSIS — Principle!^  of  operation,  provisions  for  prc- 
r  en  ting  smoke  and  hoiv  to  fire  this  ti/pe  of  furnace. 

m 

These  furnaces  depend  for  their  success  on  the  fact 
that  the  volatile  matter  must  pass  down  through  the  bed 
of  fuel  and  over  the  coked  coal  on  the  lower  grate  before 
entering  the  boiler.  In  this  way  the  gas  is  exposed  to  a 
high  temperature,  and  if  the  proper  amount  of  air  is  ad- 
mitted through  the  middle  door,  it  will  be  consumed 
without  making  smoke.  When  poking  the  fuel  bed,  it 
frequently  happens  that  considerable  giTcn  coal  will  be 
brought  down  on  the  lower  grate:  it  will  smoke  unless 
special  precautions  are  taken. 

Fig.  1  shows  a  typical  down-draft  furnace  connected 
to  a  horizontal  return-tubular  boiler.  If  operated  rightly, 
this  furnace  can  be  run  iWthout  dense  smoke,  but  with 
the  ordinary  fireman  there  are  periods  when,  through 
careless  operation,  a  quantity  of  volatile  matter  passes 
the  bridge-wall  without  being  consumed  and  escapes  as 
smoke.  To  get  the  best  smokeless  results  on  this  fur- 
riace,  some  additional  protection  against  these  periods  is 
r.ecessarv.     Fig.  2  shows  a  down-draft  settinsr  with  a  de- 


FlG.    1         OrdIX-\J!Y    IXSTALLATIor   OF   RETUIiN-TuBULAr, 
BOILEI!  AXD  DoWX-DrAFT   FuENACE 

flection  arch  and  with  the  bridge-wall  arranged  to  give 
the  maximum  deflection  of  the  gases.  This  arch  mixes 
the  gases  thoroughly  before  they  pass  away  from  the 
furnace  and  is  of  great  aid  in  preventing  smoke. 

Another  step  taken  to  increase  capacity  and  lessen 
smoke  is  shoT\'n  in  Fig.  3.  It  is  a  modification  of  the 
standard  double-arch,    bridafe-wall    setting  as   used    for 


hand-fired  settings,  in  connection  with  a  deflection  arcl 
as  before.  This  construction  seems  to  have  a  marked  ef 
feet  on  the  rate  of  combustion  and  consequently  the  ca- 
pacity of  the  boiler  and  also  on  the  smoke.  If  properh 
operated,  it  is  as  nearly  smoke-proof  as  any  semi-stokei 
or  hand-fired  arrangement  can  well  be. 

Fig.  4  is  a  working  drawing  of  a  down-draft  furnaci 
and  a  single-span  deflection  arch   in  connection  with  ;: 


Fk 


Dowx-Di;  VFT    FUKXACE    WITH    Deflectiox 
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6ii-in.  by  18-ft.  lioiler.  AVith  this  as  a  guide,  a  setting 
for  any  size  of  boiler  can  be  Worked  out,  using  the  same 
rules  for  areas  of  gas  passes  that  have  been  previously 
set  forth  for  hand-fired  furnaces  with  deflection  arches. 

In  combination  with  water-tube  boilers,  the  down- 
draft  furnace  can  be  easily  applied,  the  principal  require- 
ment being'  that  the  boiler  must  be  horizontally  baffled. 
Fig.  o  shows  a  standard  Kroesihell  setting  with  down- 
draft  grates  and  a  two-span  deflection  arch.  This  makes 
a  good  hand-fired,  flush-front  outfit  for  moderate  rates  of 
combustion. 

It  is  not  feasible  to  apply  the  down-draft  furnace  to 
vertically  baffled  water-tube  boilers  and  still  get  the  de- 
sirable flame  travel  and  mixture.  While  a  few  such  set- 
tings exist,  for  power  loads  the  design  cannot  be  con- 
sidered good  for  smokeless  operation  „ith  high-volatile 
coals. 


BiiLnixc 

Cover  the  lower  grate  with 


•Copyright,   1314,   by  Osborn  Monnett. 
tSmoke  inspector,  city  of  Chicago. 


Fires 

coal  and  build  a  wood  fire 
on  top,  keepincr  the  middle  doors  cracked  Jor  the  panels 
wide  open.     After  this  fire  is  well  started,  throw  a  little  , . 
wood  on  the  upper  grate  and  cover  it  with  coal,  allowing  J 
tliis  fuel  to  be  ignited  from  tlio  lower  fire.  J 
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111  regular  firing,  after  a  good  bed  of  coals  has  been 
lormed  on  the  upper  grate,  poke  the  coked  coal  down  on 
ilie  lower  grate  and  cover  the  upper  grate  with  fresh 
coal,  keeping  the  fuel  bed  at  thick  as  the  draft  will  per- 
mit; the  thicker  the  better.  When  poking  down,  always 
crack  the  middle  door  to  allow  plenty  of  air  to  take 
care  of  anv  volatile  matter  which  may  pass  ofP.  The  more 
( oal  kept  on  the  upper  grate,  tlu;  thicker  will  be  the  bed 
of  coked  coal,  and  consequently  the  less  chance  of  mak- 
ing smoke.  Never  poke  down  until  the  coal  on  the  up- 
|icr  grate  is  thoroughly  coked.  Be  careful  that  no  green 
ccal  comes  down  on  the  lower  grate.     Jfegulate  the  steam 
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iocts  between  tiring,  during  which  there  is  a  thick  bed  of 
coal  being  coked.  When  the  fire  is  poked  down,  this  thick 
bed  insures  that  there  will  be  no  green  coal  falling  on  ^-hc 
lower  grate.  In  this  way,  the  fires  need  be  disturbed  only 
at  infrecpient  intervals  and  there  is  no  danger  of  dense 
smoke  if  ordinary  care  is  exercised.  This  type  of  fur- 
nace should  not  be  expected  to  run  at  a  rate  of  combus- 
tion higher  than  35  lb.  of  coal  per  sq.ft.  of  grate  sur- 
face per  hour,  based  on  the  area  of  the  lower  grate. 
Above  this  rate  the  chances  of  making  smoke  are  in- 
creased, due  to  frequently  disturbing  the  fire.  Below 
this  rate  the  furnace  is  eminently  suited  to  the  work  and 
it  is  not  necessary  to  be  particular  as  to  the  kind  of 
coal  used,  although  a  4-in.  run-of-mine  coal  is  ideal  for 
a   down-draft  furnace. 


Snfetj-  First — The  "Safety-First"  slogan  is  a  practical, 
worthy  attempt.  Results,  however,  can  only  be  reached  when 
all  unite  in  an  effort  to  further  the  commendable  worli. 


Belt  Cement — The  following  is  the  composition  and  use 
of  a  belt  cement  which  is  said  to  work  equally  well  on  leather 
and  rubber  belts:  Carbon  bisulphide  10  parts,  mixed  with 
turpentine  one  part,  with  enough  gutta  percha  dissolved  in 
the  mixture  to  make  a  thin  syrup.  Both  parts  of  the 
leather  to  be  joined  must  be  clean,  and  if  they  are  greasy 
they  should  be  laid  on  a  clean  rag  and  a  hot  flatiron  placed 
on  them  so  as  to  draw  the  grease  up  and  let  it  be  absorbed 
by  the  cloth.  When  the  surfaces  are  free  from  grease  they 
are  coated  with  the  cement  and  kept  pressed  together  until 
the  joint   has  set   hard. 


by  opening  or  dosing  the  front 
firing  doors.  The  less  the  lower 
grate  is  disturbed,  the  better. 
There  should  be  no  regular  cleaning- 
period  for  the  lower  grate  as  is 
common  for  the  ordinary,  hand-fired 
grates.  Clinkers  should  be  pulled 
out  from  time  to  time  without  dis- 
turbing the  coked  coal,  thereby  al- 
ways keeping  the  lower  fire  iu  good 
.-hape. 

The  secret  of  success  with  this 
type  of  furnace  is  to  fire  hca\ily  ou 
the  iijiper  grate  ;  it  permits  long  per- 
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Fig.    1. 


WoiiKiNG  Drawing  fou  Furnace  S'U)wn  in 
Fig.  2,  5x18-Ft.  Boiler 
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The  j\Iarion  (Jersey  City)  Station  of  the  Public  Ser- 
vice Corporation  of  New  Jersey,  located  on  the  Hacken- 
sack  River,  is  the  largest  of  this  company's  many  power 
stations.  The  accompanying  curves  show  in  detail  the 
performance  of  the  station  for  1913. 

Notice  that  the  coal  used  is  higher  in  volatile  than  that 
used  in  most  stations,  running  as  high  as  39  per  cent,  at 


times  with  an  average  of  24.7  per  cent,  for  the  year.  The 
location  favors  this  coal  as  far  as  smoke  is  concerned,  but 
as  it  is  a  rather  long-flame  coal  the  floor  under  some  of 
the  boilers  has. been  lowered  two  feet  and  more  to  give  ad- 
ditional furnace  height. 

Usually  in  calculations  the  average  temperature  of  cir- 
culating water  is  taken  as  (1.5  or  70  deg.  F.     It  is  inter- 
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Xote— It  will  be  noticed  that  the  "I's"  have  been  uninten- 
tionally omitted  in  the  figures  giving  the  heat  values  of  thii 
coal;  thenhould!  of  courle.  be  13,000.  14.000  and  15.000, 
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estiiig.  therel'ore  to  note  that  the  average  temperature  at 
.Marion  was  57.5  deg.  F.,  with  a  maximum  of  82  and  a 
minimum  of  33  degrees.  Notice  that  this  curve  is  com- 
paratively flat  for  July  and  August.  The  barometer 
fhows  a  much  wider  variation  for  January  than  for  any 
other  month. 

The  steam  rate  for  July,  August  and  September  is  quite 
perceptibly  higher  than  for  any  other  three  months,  being 
1.65  lb.  higher  than  for  January,  February  and  March. 


This  is  due  chiefly  to  tlie  vacuum  owing  to  the  warmer  con- 
densing water  used  in  the  summer  months.  For  January, 
February  and  March  the  average  vacuum  was  28.88  in., 
while  during  July,  August  and  September  the  average  was 
27.53. 

The  coal  used  per  kilowatt-hour  for  the  year  average;? 
2.44  lb.  This  is  not  a  bad  showing  when  it  is  considered 
that  all  standby,  leakage  and  blowoff  losses  are  included  in 
this  figure.     This  is  0.696  lb.  higher  than  the  figure  given 
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Note — The  above  figures  are  not  the  average  of  the  station 
water-rate  curve,  but  arc  the  avcraRes  of  the  above  curve 
plus  steam  ust'd  by  cable  tcstinK.  construction,  and  condensa- 
tion   lOMSf'S. 
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bv  tlu'  Bostou  Elevated  Kiiihvays  Co.,  for  the  perrormance 
of  its  South  Boston  Station  for  1913.  the  consumption  be- 
ini>-  1.T44  lb.  per  kilowatt-houi  including  losses  for  banked 
tires  and  leakage.  The  coal  used  in  the  South  Boston  Sta- 
tion has  about  the  same  heat  value  as  tluit  used  in  Marion 
and  is  straight  bituminous  slack. 


The  curve  showing  the  percentage  of  the  total  coal  used 
for  banked  fires  follows  the  station  and  peak  load  curves 
ver^-  well,  reaching  a  maximum  of  4.13  per  cent,  for  Jan- 
uary as  against  a  minimum  of  1.9  per  cent,  for  July,  the 
average  for  the  year  being  3.1  per  cent.,  or  almost  exactly 
the  percentage  used  in  April. 


©naparatlave  Tesfts  wEtLlhi  ILow- 

'      Oils 


By  Dii.  F.  E.  JuNGE 


.'<yNOl'SIl< — Results  of  tests  on  a  Junkers  engine  lo  ile- 
fermim  the  perforinanee  with  different  low-grcule  oils,  in- 
tlnding  tliose  of  a-*plialtic  l>ase  and  coal-tar  oil. 

The  increasing  application  of  liquid  fuels  for  purposes 
uf  power  generation,  where  weight,  space  and  economy 
are  limiting  conditions,  has  made  it  necessary  to  turn 
from  the  use  of  high-grade  oils,  so  far  employed,  to  the 
utilization  of  lower  grades,  which  are  available  all  over 
the  world  in  large  quantities  or  remain  suitable  for  fur- 


load  attained  of  220  horsepower.  The  engine  has  two 
cylinders  arranged  in  tandem,  but  having  been  designed 
for  experimental  purposes  and  being  the  first  double-pis- 
ton engine  of  its  type  actually  built,  it  contains  few  of 
tlie  many  improvements  which  have  since  oeen  made : 
therefore  the  results  are  not  as  favorable  as  would  be  ex- 
pected with  a  later  design.  Also,  for  experimental  pur- 
poses, it  is  equipped  with  much  larger  pumps  and  com- 
pressors than  necessary  for  normal  working,  the  scaveng- 
ing pumps  having  nearly  twice  and  the  compressors  nearly 
live  times  the  normal  capacity. 
Gas  Oil 
Tile  gas  oils  experimented  upon  were  purchased  from 
different  quarters,  namely,  Pechelbronn,  Alsace,  Messel, 
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tlier  use   as   byproducts   of   the   distillation   of    coal    and 
crude  mineral  oils. 

In  the  following,  tiie  results  of  fuel-consumption  trials 
on  a  Junker  engine  are  given,  containing,  among  others, 
the  results  of  tests  made  with  Californian  and  Mexican 
irude  oils,  the  lowest  grade  of  liquid  fuels  in  existence. 
The  engine  used  in  these  tests  had  a  cylinder  diameter 
of  7.8  in.  and  a  stroke  of  2  X  15.6  in.  (two  opposing  pis- 
Ions  being  employed).  The  speed  was  200  revolutions 
])er  minute,  the  normal  load  150  horsepower,  and  an  over- 


iiear  Danistadt,  and  Wietze,  near  Hanover ;  Roumanian 
i'lid  American  gas  oils  were  also  tested.  The  analysis 
of  the  oils  and  the  results  obtained  are  compiled  m  the 
accompanying  table.  It  may  be  added  that  the  engine 
was  run  for  several  hours  at  30  and  40  r.p.m.  at  20  per 
cent,  turning  moment.  After  stopping  two  hours  the 
ingine  started  on  gas  oil  without  the  use  of  compressed 
air. 

Attention  is  called  to  the  high  mean  pressure  and  to 
the  high  thermal  efficiency  attained.     The  fuel-consump- 
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tiou  figure  iu  the  first  column  refers  to  gas  oil  having 
.1  calorifie  value  of  10,000  calories  per  kilogram  or  18,000 
H.t.u.  per  pound. 

Pacura  Oil 

It  was  decider!  that  long  duration  trials  should  be  made 
in  frequent  intervals,  iu  preference  to  continuous  trials, 
the  former  being  more  likely  to  show  any  tendency  to 
leave  a  deposit  on  the  pistons  or  cylinder  walls.  Alto- 
aether  6600  lb.  of  Pacura  were  consumed  during  the 
trials.  Immediately  afterwards  the  pistons  were  taken 
nut  and  an  examination  of  the  cylinder,  ports,  pistons, 
,ind  fuel  valve  showed  them  to  be  clean.  There  was  no 
ilisturbaiice  whatsoever  during  the  whole  of  the  trials  and 
the  fuel  con.sumjjtion  remained  constant,  averaging  0.44 
llj.  per  brake-horsepower  per  hour.  The  thermal  efficiency 
showed  a  mean  value  of  31.6  per  cent,  and  the  mean  ef- 
fective pressure  was  iu  the  neighborhood  of  160  lb.  Pa- 
( lira  is  a  Roumanian  residue  oil,  the  specific  gravity  and 
Hash  point  of  which  are  given  in  the  table. 

Califorxiax  On.s 

Two  Ijraiuls  of  this  oil  were  tried  in  t\w  engine,  C!ali- 
lornian  residue,  brand  "L,"  and  Califoniian  crude  oil. 
brand  "K":  both  were  obtained  from  the  Amalgamated 
Oil  Company's  refinery  at  Los  Angeles.  Analysis  of  the 
hitter  is  given  in  tlie  table.  The  trials  extended  over  a  jjcr- 
idd  of  four  weeks,  the  aggregate  period  of  operation  being 
^^i(3  hours.  An  overload  run  was  also  made,  followed  l)y 
a  irniber  of  trials  at  low  speeds,  25  to  30  r.p.m.  being 
H.  ained  with  uninterrupted  positive  ignition.  At- 
tention is  calle<l  to  the  high  contents  of  a.sphaltum  in  the 
iuel,  in  spite  of  which  no  trouiile  whatsoever  was  exper- 
ienced throughout  the  trials,  the  pistons,  atomizers,  fuel 
valve,  etc..  remaining  untouched  during  the  whole  per- 
iod. After  the  conclusion  of  the  trials  when  about  1 1,000 
lb.  of  oil  had  l)een  consumed,  the  ])istons  and  other  work- 
ing parts  were  removed,  inspected  and  photographed. 
There  was  no  deposit  on  the  i)iston  heads  and  the  nozzles 
were  clean,  proving  that  the  temi)eratures  in  this  fype  of 
engine  combined  witli  the  ])erfect  process  of  scavenging 
and  charging  were  capable  of  consuming  Califoniian 
<  Hide  oil  completely.  The  indicator  diagrams.  Figs.  1  and 
'.'.  are  particularly  interesting,  bectause  the  first  was  taken 
under  abnormal  conditions  of  overload,  showing  a  mean 
in-essui-e  of  30K  lij.,  while  the  latter  shows  perfect  igni- 
tion at  35  r.p.m. 

^Ikxica.v  ('i!i;i)i;  On, 

This  oil  was  su])plied  by  the  Ihiasteca  Petroleum  Co., 
of  Kbaiio,  Mexico,  and  its  analysis  shows  it  to  be  about 
the  worst  fuel  obtainable,  containing  as  much  as  45.6  per 
cent,  asphaltum  and  2.4  per  cent,  siiljiliur.  The  engine 
was  run  on  this  oil  each  day  for  a  ])eriod  of  10  to  12 
hours,  altogether  200  hours.  One  day  it  was  run  for  11 
hours  on  50  per  cent,  overload,  but  in  sjjite  of  the  high 
percentage  of  asjihalt,  it  is  said  to  have  operated  thiougli- 
oiit  the  trials  without  the  slightest  trouble.  At  speeds 
as  low  as  25  and  40  r.p.m.,  ignition  was  jiositive  and  the 
engine  ran  well.  The  indicator  diagram  in  Fig.  3,  taken 
at  normal  load,  shows  a  mean  effective  pressure  of  about 
151  lb. 

Rlssiax  Masit 

Analysis  of  this  oil  showed  the  incombustilile  mat- 
ter to  be  made  uji  to  1.06  parts  water  and  0.37  part  ash. 


making  a  total  of  1.43  per  cent.  A  long  duration  trial 
of  75  hours  was  held  during  which  no  difficulty  what- 
soever occurred  and  the  exhaust  was  always  invisible. 
An  inspection  of  the  internal  working  parts  immediately 
after  the  termination  of  the  trials  showed  all  parts  to  be 
in  good  condition. 

GEiaiAx  Coal-Tar  Oils 

This  oil  had  lower  calorific  value  and  a  higher  carbon 
content  than  the  other  fuel  oils.  Its  specific  gravity 
was  also  higher.  The  engine  ran  well  and  started  easily 
without  the  use  of  ignition  oil.  The  indicator  diagrams. 
Fig.  4,  at  normal  load  and  overload,  shows  the  more 
spontaneous  character  of  ignition  of  the  coal-tar  oils  com- 
pared to  other  fuels.  The  last  indicator  diagram,  Fig. 
5.  shows  the  engine  at  60  r.p.m.,  that  is  about  one-third 
normal  speed,  and  at  one-third  normal  load,  running  on 
tar  oil  alone  and  igniting  with  ease  and  certainty. 

RESULTS  OF  TRIALS  WITH  DIFFERENT  OILS 

Analysis  of  oil    G.is  Oil  Pacura  Calif.  Oil  Mexican  Masut  Coal 

OU  Tar  Oil 

H  :it   •   I'lif     !!tu.  perlb,    18,000  17,400      17,460  17,800  15,950 

I  I,    ,    I         ,!,!  86.98  84.0         83.21  85.67  90.12 

II  !              .•  r.-ul 12.15  11.07       11.32  12.13  7.09 

.Kuliiiiiir    i.'i^.i.t 0.71  0.87         2.47         0.05  0.63 

Uxvpii,  per  cent 0.16  3.93         2.90         0.72  1.66 

I ncombustibies,  percent..     0.00  0.13         0.14         1.43  0.50 

.Specific  Kra\-ity 0.850  0.00         0.864       0.937       0.900  1.065, 

Viscosity 1.14  6.41         4.11  19.96         1.66 

Flash  point,  deg  C SO  140           137             _               113            98 

.\sphaltum,  per  cent. ...  4S .  1         45.6 

Average  mean  ind.  pres- 
sure, lb.  per  sq. in 1M.4        1017        IS.i  8        147  0        158.6        147  0 

Thermal    efficiency,     per 

cent .' .33.1  31(1  30  5  30.4  31   S  32   1 

Rpm  200  205  M)  200  200  2011 

Brake  hp 160  1.54  151  145  144 

Fuel  consumption,  lb.  ppr 

ta,p.-hr, 0  437       0.440       0.480       U.4S0  0.4S0 


Water,  when  cooled  for  drinking  purposes,  is  best  at 
from  45  to  50  deg.  F.  As  to  the  costs  of  systems  for  cool- 
ing drinking  water,  it  is  claimed  that  in  numerous  cases 
a  small  refrigeration  plant  with  cooling  tank  and  foun- 
tains conveniently  located  has  been  instilled  for  less 
than  the  operating  cost  for  two  years  with  the  buckef 
and  dipper  method. 

The  quantity  of  water  required  per  individual  varies 
with  the  different  industries  and  cliinatic  conditions.  In 
steel  works,  where  the  ,service  is  quite  severe,  it  has  been 
found  that  in  summer,  from  0.23  to  0.3  gal.  per  man  per 
hour  is  necessary,  including  the  wa.ste. 

The  amount  of  refrigeration  depends  on  the  size  of  the 
installation,  the  length  of  the  distributing  lines,  the  out- 
side temperatures,  the  temperature  of  the  water,  the  length 
()•■  the  dav  in  which  the  system  is  to  be  in  service  and 
quite  important,  on  the  manner  in  wlii(;h  the  pipe  lines  are 
insulated.  Experience  shows  that  0.00027  to  0.0005  ton 
of   refrigeration   per  hour  per  man   is  mu'ded. 

It  is  good  practiie  to  use  galvanized  pipe  with  long 
sweep  fittings  for  the  distributing  lines.  At  the  return 
bend  of  each  circuit  a  thermometer  and  a  gate  valve 
,should  be  jirovided  for  regulating  the  flow,  so  as  to  in- 
sure uniform  tenqierature  throughout  flu;  circuit.  Dead 
enils  .-should,  of  course,  be  avoided,  liranch  circuits 
will  give  best  results  if  made  not  longer  than  2000  ft.. 
(hough  some  as  long  as  5000  work  quite  .satisfactorily. 
One-inch  pipe  will  be  found  a  good  size,  though  the  num- 
ber of  drinkers  may  require  larger  sizes  on  some  circuit^. 
Extended  observations  show  that  a  water  velocity  of  not 
more  tlinn  100  ft.  jier  minute  gives  the  best  results. 
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All  this  is  told  very  clearly  iu  a  little  booklet  coutaiu- 
inCT  several  photographs  and  diagrams,  as  well  as  an  in- 
teresting description  of  the  plant  at  Beaver  Falls,  Penn., 
the  testing  station  for  the  Armstrong  Cork  &  Insulation 
Co.,  Pittsburgh,  Penn..  makers  of  Nonpareil  cork  pipe 
covering.  We  understand  that  the  booklet  may  be  had 
for  the  asking. 

The  value  of  jiroperly  and  efficiently  insulating  boiler 
settings,  steam  drums  and  all  exposed  heated  surfaces 
in  boiler  rooms  was  recently  demonstrated  in  the  Chamber 
of  Conunerce  Building,  Detroit,  Mich.  The  idea  of  thor- 
oughly insulating  the  three  100-lip.  water-tube  boilers  was 
inspired  by  the  desire  to  reduce  the  heat  in  a  storeroom 
over  the  boilers. 

The  steam  drums  and  the  tops  of  the  boiler  settings 
were  covered  with  one  course  of  Nonjjareil  insulating  brick 


Accurate  monthly  records  of  the  fuel  consumption  in 
this  plant  have  been  kept  for  a  number  of  years.  Since 
the  load  varies  but  little  from  year  to  year,  it  was  a 
simple  matter  to  compute  t!ie  fuel  saving  due  to  insula- 
tion. During  the  month  of  April,  1913,  224,960  lb.  of 
toal  were  consumed,  and  229,950  lb.  in  May  of  the  same 
year.  In  April,'  1914,  after  the  boilers  had  been  in- 
sulated, but  183,190  lb.  of  coal  were  used,  and  in  May, 
1914,  but  181,930  lb.  Hence,  the  saving  in  April,  1914, 
over  April,  1913,  was  41,770  lb.,  and  the  saving  of  coal  in 
May,  1914,  over  that  of  May,  1913,  was  48,020  lb. 

CooETi    M.Sipadls   Dsiinm    BIlIltmsinilEtiSited 

This  dam,  wiiicli  is  20T0  ft.  long,  with  a  concrete  spill- 
way 1000  ft.  long,  surmounted  by  28  Tainter  gates, 
each  33  ft.  long  and  8  ft.  high,  has  been  provided  with 
100  Mazda  lamp.?,  mounted  on  goose-neck  standards.  This 
illumination,  illustrated  herewith,  is  for  the  purpose  of 
making  safe  passage  of  persons  on  the  bridge  over  the 


Cuox  Kapids  Dam.  Illuminated  with  100  Mazda  Lamps 


set  on  edge  in  special  insulating  cement;  in  all,  3100 
bricks  were  used.  Although  the  covering  on  the  steam 
line  was  equal  to  that  found  in  the  average  boiler  room, 
it  was  replaced  in  numerous  cases  by  Nonpareil  high- 
pressure  steam  covering  2  in.  thick.  The  breeching, 
valves  and  other  irregular  surfaces  were  covered  with  3 
in.  of  liigh-pressure  cement. 

One  feature  is  the  removable  covers  used  on  the  steam- 
pump  cylinders.  Forms  were  made  of  Hy-Rib  metal 
to  which  high-pressure  cement  was  applied  and  after- 
ward covered  with  canvas. 

The  result  obtained  by  the  use  of  these  insulating  ma- 
terials was  that  the  temperature  under  the  floor  of  the 
storeroom  above  the  boilers  was  lowered  30  deg.,  and 
made  conditions  in  the  store  much  more  v'  ,asant.  The 
insulating  material  used  was  made  by  .xie  Armstrong 
Cork  &  Insulating  Co.,  Pittsbutgh,  Penn. 


dam,  to  facilitate  the  work  of  handling  the  Tainter  gates 
and  for  dealing  with  the  ice  and  log  problems  which  will 
arise  at  certain  periods  of  the  year. 

Two  of  the  five  generating  units  in  the  hydro-electric 
plant  are  in  operation.  The  development  is  leased  to  the 
ilinneapolis  General  Electric  Co.,  and  was  built  by 
H.  M.  Byllesby  &  Co.,  Chicago. 


Barometric  Condenser  Head  ax  Open  Heater — A  railway 
master  mechanic  hart  use  for  large  quantities  of  hot  water  in  a 
rounrthouse  where  there  was  very  little  room  for  a  heater. 
Both  live  and  exhaust  steam  were  available  for  heating  the 
water,  but  it  was  a  question  of  getting  a  heater  of  dimen- 
sions which  could  be  accommodated  in  the  space.  D.  D. 
Pendelton.  of  the  Wheeler  Condenser  &  Engineering  Co..  sug- 
ge.sted  that  the  head  of  a  barometric  condenser  be  used  as 
a  mixer  for  the  cold  water  and  steam,  and  this  was  done 
successfully,  the  installation  taking  up  a  verv  small  corner 
of  the   house. 
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The  article,  ''Compouml  Steam  Turliine,"'  in  the  Sept. 
15  ifc.;'t2e,  and  that  treating  of  tlie  Brooklyn  Edison  Co.'s 
new  ttiioine,  in  this  issue,  are  of  interest  for  wliat  they 
bring  out  regarding  the  development  of  this  class  of  prime 
mover.  To  most  of  us,  the  chief  feature  is  the  great  in- 
crease in  capacities  of  turbine  units  in  such  a  few  years. 
In  1900,  turbines  of  capacities  gi-eater  than  500  kw.  were 
so  rare  as  to  be  regarded  with  much  interest,  particularly 
by  those  engaged  in  the  design  of  this  class  of  machine. 
Today,  units  of  20,  30  and  even  35  thousand  kw.  capacity 
excite  only  momentary  surprise,  so  rapid  has  been  their 
development.  Any  day  ^^•e  may  learn  that  some  builder 
is  beginning  the  construction  of  a  oO,000-kw.  unit,  and 
there  is  no  doubt  that,  with  the  cross-compound  princi- 
ples of  design  as  adopted  for  the  new  30,000-kw.  uni  i 
for  the  74th  St.  station,  capacities  greater  than  this  are 
possible. 

It  will  be  with  much  interest  that  engineers  will  watch 
the  operation  of  these  inmiense  compound  units.  Mr.  H. 
(t.  Stott,  superintendent  of  motive  power  for  the  Inter- 
borough  Rapid  Transit  Co.,  always  an  original  man  and 
one  of  the  foremost  in  the  art,  is  as  confident  of  their 
success  as  he  was  sure  that  he  co\ild  safely  and  econom- 
ically operate  boilers  considerably  above  their  rated  ca- 
pacities, a  practice  that  has  been  widely  adopted,  and 
one  in  which  he  was  a  ])ioneer.  It  is  with  the  same  feel- 
ing that  Mr.  Ilodgkinson,  designer  of  these  machines, 
has  oomjileted  his  work. 

The  turbine  for  the  Gold  St.  station  of  the  Edison 
Electric  Illuminating  Co.,  of  Brookl}ii,  is  the  largest  sin- 
gle-cylinder unit,  being  of  2-5,000  kw.,  maximum  rating. 
Additional  interest  is  induced  because  of  the  use  of  single 
and  compound  construction  for  large  turbines.  Much  ap- 
prehension was  felt  by  foreign  engineers  when  American 
designers  put  forth  a  unit  of  2000  kw.  with  a  single  cylin- 
der in  1900.  Daiiger()u.sly  severe  distortions  were  expected 
in  so  large  a  machine,  due  to  the  extreme  temperature 
differences  along  the  structure.  European  designers  were 
then  building  1000-kw.  units  with  two  cylinders  placed 
tandem.  Convinced  of  the  superiority  of  the  two-cylinder 
arrangement,  American  engineers  adopted  it,  while  at  the 
same  time  those  abroad  increased  the  capacities  of  their 
single-cylinder  machines,  but  apparently  considered  that 
a  safe  limit  was  reached  for  this  design  at  a  capacity  be- 
low that  practiced  by  American  engineers.  The  Parsons 
25,000-kw.  machine  for  the  Chicago  Conmionwealth  Edi- 
son Co.  is  a  two-cylinder  tandem  unit,  while  the  Westing- 
house  machine  for  the  Brooklyn  Edison  Co.  has  a  maxi- 
mum capacity  of  25,000  kw.,  and  is  of  the  one-cylinder. 
(I(nil)le-flow  type.  Basing  the  areas  occupied  on  over-all 
lengtiis  and  greatest  widths,  the  Chicago  machine  devel- 
ops 17.3  kw.  per  sq.ft.  of  floor  space,  while  the  Gold 
St.  turl)iiie  produces  30.1  kw.  for  the  same  unit  of 
area. 

'I'he  increase  in  speed  along  with  cajiacity  is  another 
point  of  interest.    Espcciiilly  is  this  so  when  we  consider 


that  for  25-cycle  work,  3000  kw.  was  the  highest  capacity 
at  the  speed  of  1500  r.p.m.  in  1905,  while  the  22,000-kw. 
(normal  rating)  Brookl>-n  machine  runs  at  1500  instead 
of  750  revolutions.  Relative  to  speed,  it  is  of  interest 
to  know  that  the  20,000-kv.a.  (80  per  cent,  power  factor) 
single-cylinder  turbines  now  being  built  by  the  General 
Electric  Co.  for  the  new  Essex  station  of  the  Public 
Service  Corporation  of  New  Jersey  will  run  at  1800 
r.p.m.,  the  highest  attempted  in  large  turbine  practice. 
As  we  have  probably  reached  the  limit  in  forms  of 
design  for  large  units,  now  that  the  "cross-compound'' 
with  two  speeds  is  a  reality,  we  may  perhaps  look  only 
for  continued  de\elopments  in  details. 


As  a  result  of  the  general  conservation  movement  pro- 
mulgated during  the  past  few  years,  the  public,  and 
engineers  in  particular,  have  awakened  to  the  necessity 
of  conserving  the  nation's  coal  supply,  and  have  re- 
sponded, in  a  measure,  by  furthering  hydro-electric  de- 
velopment and  by  practicing  boiler-room  economy.  Up 
to  recently,  however,  little  thought  appears  to  have  been 
given  to  the  enormous  waste  going  on  in  the  oil  and 
gas  regions. 

Investigations  by  the  Bureau  of  Mines,  the  results  of 
which  are  published  in  a  recent  Ijulletin,  show  this  waste 
in  the  midcontinent  fields,  comprising  Kansas,  Oklahoma 
and  northern  Texas,  alone  to  have  been  appalling.  It 
is  esthnated  that  up  to  last  year,  425  billion  cubic  feet  of 
natural  gas,  equivalent  in  heat  value  to  over  20  million 
tons  of  coal,  have  been  allowed  to  escape,  and  although 
the  waste  has  now  been  curtailed  to  some  extent,  it  is 
still  over  25  billion  cubic  feet  per  year,  equivalent  to 
over  a  million  tons  of  coal.  Much  of  this  gas  appears 
in  combination  with  oil,  and  where  there  was  no  imme- 
diate market,  it  was  often  allowed  to  go  to  waste,  being 
regarded  mei-ely  as  incidental  to  the  ])roduction  of  the 
oil.  Only  of  comjiaratively  recent  date  have  steps  been 
taken  to  produce  gasoline  from  the  gas,  but  even  this 
process  has  not  become  general. 

The  waste  in  this  region  is  not  mnliiu'd  to  the  oper- 
ators alone,  for  when  the  gas  is  collected  and  piped  to 
consumers,  in  many  cases  it  is  sold  at  a  Hat  rate,  without 
meters.  This,  condjined  with  the  low  price,  which  for 
the  state  of  Oklahoma  averages  about  5c.  per  1000  cu.ft., 
is  conducive  to  the  existing  practice  in  many  cases  r)f 
allowing  lights  to  burn  night  and  day.  and  of  regulating 
the  tempei'ature  in  cold  weather  by  opening  on t.side  doors. 

While  legislative  action  might  lie  directed  at  the  ])re- 
vention  of  such  waste,  its  cflfectiveness  is  doubtful,  as  it 
would  l)e  difficult  to  enforce  any  draslic  measures  of  this 
nature.  As  in  the  case  of  coal,  the  remedy  undoubtedly 
lies  in  educating  both  the  producer  and  the  consumer 
to  the  economic  aspects  of  the  ])robleni  in  such  a  way 
as  to  show  them  that  they  will  personally  profit  by  con- 
serving file  supply. 
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The  comniittee  appointed  by  the  American  Society  of 
.Alechanical  Engineers  to  formulate  standard  specifica- 
tions for  the  construction  of  steam  boilers,  and  the  care 
of  the  same  in  service,  held  a  hearing  at  the  Engineering 
Societies'  Building  in  New  York  last  week,  which  was  the 
most  momentous  and  potential  occasion  which  has  oc- 
curred in  the  liattle  for  legislation  for  the  reduction  of 
boiler  explosions  and  steam-plant  accidents. 

A  seeming  attempt  to  pack  the  connnittee  interfered 
with  tlie  orderly  progress  of  the  proceedings  at  first,  and 
lack  of  harmony  between  the  representatives  of  the  rail- 
roads and  of  the  steel  manufacturers  and  the  committee 
threatened  to  prove  a  serious  hindrance  to  a  successful 
outcome  of  the  work,  but  the  indorsement  of  the  general 
])urpose  was  so  hearty  and  general,  the  determination  to 
have  some  legislation  of  this  kind  so  jwsitive,  that  a  spirit 
of  compromise  prevailed.     The  connnittee  withdrew  .some 
of  its  most  radical  provisions  without  materially  affecting 
the  standard  of  its  code,  perhaps  with  the  eifect  of  avoid- 
ing serious  difficulties  in   its  enforcement,  and  the  re])- 
resentatives  of  the  interests  professed  their  satisfaction. 
There  is  evidently  still  a  great  amount  of  work  to  be 
done  to  perfect  a  code  which  will  take  aciount  of  the  sug- 
gestions offered,  and  the  completed   report  of  the  com- 
mittee can  hardly  be  ready  before  the  December  meeting 
of  the  society.     In   the  meantime,  the  boiler  manufac- 
turers have  worked  nj)  a  live  interest  in  the  subject  on 
the  part  of  the  governors  and  legislators  of  many  .states, 
and  these  are  demanding  something  concrete  in  the  way 
of  a  suggestion  for  their  legislatures.    .Mr.  Durban,  speak- 
ing for  the  boiler  manufacturers,  demanded  some  sort 
of  a  result  which  could  be  turned  over  to  tlie-se  people 
within  30  days,  and  we  under.stand  that  a  new  organiza- 
tion, comprising  all  the  boiler  manufacturers,  has  been 
formed  to  meet  in  Pittsburgh  on  September  29  and  con- 
sider methods  for  promulgating  this  sort  of  legislation 
either  by  forwarding  the  work  of  the  American  Society 
of  Mechanical  Engineers    conmiittee,  or  by  getting  out 
!i  law  and  standard  upon  its  own  hook  if  the  work  of  that 
comuiitteee  does  not  progress  at  a  satisfactory  rate.     The 
boiler  makers  are  in  entire  accord  with  the  A.  S.  M.  E. 
committee,  although  they  may  not  be  partii-ularly  inter- 
ested in  an  engineer's  liceu.se  law,  which  is  a  part  of  the 
committee  program,  and  if  they  go  to  work  independently 
it  will  l)e  simply  because  the  society's  committee  does  not 
keep  the  pace  at  which  they  wi.sh  to  go. 

The  main  part  of  this  work,  however,  is  to  be  done 
upon  the  code,  and  the  code  is  no  part  of  the  law  which 
will  have  to  l)e  passed  by  the  various  states  to  bring 
the  code  into  effect.  The  law  provides  a  Board  of  Boiler 
Knles.  and  the  code,  which  comprises  the  bulk  of  the  re- 
])ort,  and  includes  all  of  the  disputed  points,  is  what  the 
Board  of  Boiler  Pules  is  supposed  to  adopt  after  it  has 
lieen  legislated  into  existence  and  appointed.  It  would 
seem  therefore  that  the  work  necessary  before  the  meet- 
ing of  the  legislatures  could  be  very  expeditiously  done. 
A  general  form  of  the  law,  not  so  specific  as  that  which 
the  committee  included  in  its  preliminary  report,  which 
is  practically  that  of  ^Massachusetts,  but  a  form  which 
can  be  varied  to  adapt  itself  to  the  iisages  and  consti- 
tutions of  the  various  states,  should  be  prepared  with 
footnotes  for  the  guidance  of  legislators  availing  them- 
selves of  it.    This  should  be  done  bv  a  lawver  rather  than 


an  engineer,  and  by  one  having  legislative  experience. 
If  the  code  goes  through,  as  apparently  agreed  at  the 
hearing,  all  boilers  will  be  hereafter  figured  on  a  tensile 
strength  of  55,000  per  square  inch.  The  steel  manufac- 
turer is  allowed  a  range  of  8000  pounds,  and  the  finished 
plate  must  be  somewhere  between  55,000  and  63,000,  but 
will  be  stamped  55,000,  whatever  it  may  test.  It  is  not  al- 
lowed to  test  over  63,000,  for  fear  of  brittleness.  It  woidd 
appear  to  be  a  more  direct  and  logical  way  to  insure  duc- 
tility to  specify  ductility  and  not  to  restrict  the  tensile 
streiigth,  and  one  wonders  why  the  designer,  customer  or 
builder  of  the  boiler  is  not  allowed  to  call  for  any  tensile 
strength  desired,  stipulating,  however,  that  the  yield 
point,  elasticity,  ductility,  etc.,  shall  be  so  and  so. 

An  analogous  lack  of  directness  appears  in  the  speci- 
fication for  the  filling  of  fusible  plugs.     The  committee 
suggested  "pure"  tin.    A  critic  at  the  hearing  wished  that 
Banca  tin  be  specified  as  by  the  Government  for  the  ma- 
rine ser\ice.     It  was  pointed  out,  however,  that  there  is 
practically  no  tin  to  be  procured  from  the  Isle  of  Banca. 
The  degree  of  purity  implied  by  the  connnittee's  speci- 
fication niigiit  Ije  brought  into  question.  Obviously,  the 
logical  and  simple  way  is  to  specify  the  melting  point. 
A  great  deal  of  difficulty  will  be  avoided  in  the  intro- 
duction of  the  law  if  the  factor  of  safety,  as  applied  to 
boilers  already  in  ojjeratiou,  be  not  placed  too  high.     The 
recommendations  of  the  comniittee  are  based  largely  upon 
Massachusetts  practice.     In  JIassachusetts,  many  of  the 
boilers  ha^•e  been  built  and  insured  upon  high  factors  of 
safety,  and  the  allowances  for  pressure  are  more  conserva- 
tive than  in  other  parts  of  the  country,  5  and  51/2  being 
common.     In  the  West,  however,  many  boilers  have  been 
accepted  for  insuran:-e  with  a  factor  of  safety  at  4.     To 
jump  this  to  51/2  means  the  cutting  down  of  pressure  to 
an  extent  which  would  seriously  embarrass  existing  in- 
dustry.    For  new  boilers  the  embarrassment  would  not 
be  serious,  and  the  factor  of  safety  could  he  placed  at  any 
rea.sonable  figure,  but  it  is  doubtful  if  there  is  any  rec- 
ord of  a  boiler  having  exploded  on  account  of  a  too  low 
factor  of  safety,  and  it  would  appear  to  be  the  part  of 
wisdom  to   put  the  code  through   with  a   factor   which 
would  not  be  onerous  to  existing  installations,  and  yet 
would  insure  a  sufficient  margin  of  safety.     The  strict 
super\ision  of  the  material  and  workmanship  which  the 
code   implies  ought  to   insure   that  the  boilers  built  in 
future  shall  he  little  liable  to  ex])lode.  unless  they  are 
grossly  abused,  and  the  safety  of  the  boilers  now  in  use 
can  be  better  guaranteed  by  keeping  a  close  inspection 
upon  them,  lowering  the  factor  of  safety  in  specific  in- 
stances as  there  seems  to  be  occasion  to  do  so,  and  letting 
them  gradually  work  their  way  out  of  use. 

There  was  considerable  discussion  as  to  whether  the 
horsepower  should  be  based  upon  the  heating  surface  or 
the  grate  surface,  but  it  did  not  .-^eem  to  occur  to  any- 
body that  tlie  horsepower  might  be  dispensed  with  alto- 
gether to  advantage.  There  was  also  considerable  discus- 
sion as  to  safety-vahe  capacity.  This  is  not  a  question  of 
precision  anyway;  all  that  is  required  is  that  there  shall 
lie  opening  enough  for  the  safety  valve  to  discharge  all 
the  steam  that  the  boiler  can  make  under  the  circum- 
stances of  its  installation,  or  any  installation  to  which  it 
is  likely  to  be  subjected,  and  it  does  not  matter  how  much 
more  is  ])Tovided  up  to  a  point  which  cost  considerations 
would  hardly  allow  to  be  involved.  And,  by  the  way. 
who  ever  heard  of  a  boiler  exiilosion  occasioned  by  ton 
small  a  safetv  valve? 
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For  gaskets  on  boiler-  I  nuike  a  Ijraid  out  of  %-in.  as- 
l.e-tos  wick  packing  h)i\v;  enough  to  fit  in  the  groove  in 
tbe  manhole  plate.  Then  1  cover  it  well  with  a  thick  paste 
(if  cylinder  oil  and  flake  grajjliite.  1  have  used  this  kind 
111'  gasket  on  the  front  manhole  plate  where  the  hot  gases 
.-trike  the  plate  for  a  year  without  renewing.  Every  time 
I  take  the  plate  out  1  put  more  graphite  in  the  depression 
made  in  the  gasket,  and  if  it  leaks  it  is  because  it  is  not 
thick  enough  or  has  been  in  use  for  a  long  time  and  is  too 
bard.  I  think  this  makes  a  cheap  gasket  and  easy  to 
make.     I  have  never  had  a  blowout. 

FiiiTz  E.  Olson. 

Braiuerd,  Minu. 

I  Several  references  have  been  made  to  lead  boiler  gas- 
kets in  recent  issues.  See  page  604,  April  38,  page  3-4, 
.luly  t,  page  TO,  July  14,  and  page  ;556,  Sept.  8.  The  care 
of  boiler  gaskets  is  treated  on  page  'M.  July  7. — Editor.] 
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For  a  direct-current  generator  to  reverse  its  polarity 
is  an  ordinary  occurrence,  especially  with  compound- 
wound  machines  used  to  charge  storage  batteries.  For 
n  gpucratoi-  to  lose  its  polarity  entirely,  however,  is  un- 
usual. Under  normal  conditions,  the  voltage  due  to 
re-idual  magnetism  will  be  from  5  to  15  per  cent,  of 
ilie  rated  voltage  of  the  machine,  and  a  voltmeter  ap- 
plied to  tlie  brushes  will  indicate  this,  even  when  the 
licbl  cii'cuit  of  the  machine  is  broken.  With  the  residual 
iiiiiirnelisni  entirely  gone,  a  voltmeter  across  the  brushes 
will  indicate  nothing.     The 
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accom]>anying  diagram 
shows  a  compound-wound 
machine  connected  to  a  bat- 
tery through  a  switch  or 
breaker  K,  which  normally 
is  closed  only  when  the  gen- 
erator voltage  exceeds  that 
of  the  battery,  in  wbieli 
case  the  current  flow  i-  in 
the  direction  indicated  by  the  arrows. 

Should  K  be  closed  with  the  generator  voltage  slightly 
Inl.iw  that  of  llie  battery,  the  polarity  of  the  generator 
i>  not  likely  to  be  reversed,  i)ecause  the  battery  will  send 
<  iirrent  through  the  shunt  coils  in  the  existing  direction, 
anil  while  current  does  flow  through  the  .series  coils  in 
I  lie  reverse  direction,  the  series  field  will  not  be  strong 
enough  to  reverse  the  stronger  shunt  field.  Should  K 
be  closed  with  the  generator  dead,  however,  the  compara- 
lively  low  impedance  of  the  armature  and  series  iield 
in  series  will  short-circuit  the  higli  impedance  of  the 
shunt  winding,  with  the  result  that  there  will  be  a  lieavy 
reversed  series  field  magnetization,  with  only  a  compara- 
livelv  light  shnni   field  magnetization  to  oppose  it.     Fn- 


der  these  circtimstances,  the  series  field  will  overcome 
the  shunt  field  and  reverse  the  polarity  of  the  residual 
magnetism.  Therefore,  the  ne.xt  time  the  shunt  tii'ld 
picks  up  it  will  do  so  with  the  wrong  polarity  and  the 
circuit-breaker  will  blow  on  closing  K  for  charging  tlu' 
battery. 

An  inspector  was  called  to  a  yacht  to  find  the  trouljle 
with  a  gasoline-engine  driven  generator  that  would  not 
generate.  The  voltmeter  would  not  indicate  when  its 
circuit  was  opened  and  closed.  Connected  to  a  shaft  ex- 
tension at  the  commutator  end  of  the  generator  was  an 
air  compressor  for  furnishing  starting  air.  With  the 
dynamo  dead  and  the  engine  driving  the  compressor, 
there  was  considerable  vibration.  The  inspector  t-on- 
cluded  that  the  dynamo,  due  to  an  ill  jiulged  closing  of 
K,  had  received  sufficient  reverse  current  from  the  stor- 
age battery  to  greatly  weaken  the  residual  magnetism. 
anA  that  the  excessive  vibration  had  "shaken  the  rest  of 
the  magnetism  out."  This  reasoning  seemed  plausible, 
because  upon  lifting  the  dynamo  brushes,  so  that  the 
battery  could  not  short-circuit  through  the  armature,  and 
closing  7v'  and  giving  the  shunt  field  a  charge  from  the 
batterv,  then  o|>ening  A',  replacing  the  brushes  and  starl- 
ing the  engine,  the  voltage  canu'  up  promptly  in  the  righi 
direction. 

J.    A.    HOHTOX. 

Scheneetadv,  N.  Y. 


A  CsiS©    ©IT  He^Si^eiffice 

In  a  small  Wisconsin  manufacturing  plant,  where  boilei' 
inspection  was  none  too  rigid,  the  engineer  noticed  that 
an  unusual  quantity  of  feed  water  and  fuel  was  used. 


ON   Hi.oworr 


but  he  investigateil  no  further.  When  something  wcn( 
wrong  with  the  blow-ofT  cock,  necessitating  repairs,  il 
was  found  in   disennnccling  the  piping  that   a  (|nartei'  nt 
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a  tiirn  completely  disconnec-tcd  the  pipe  at  point  A  aiul 
the  thread  was  almost  (.ompletely  eaten  away.  There 
was  every  sign  of  water  having  leaked  there  at  a  great 

'  It  is  snrprisiniT  that  the  blowoff  did  not  tail  under 
pressure  at  this  weak  point.  Such  cases  should  empha- 
size the  importance  of  thorough  inspection. 

COUXKLUS    W  EBKU. 

Milwaukee,  AVis. 

C©E®  as  ^  Fll©  Brtisslhx 

A  piece  of  coke  makes  an  excellent  file  cleaner.  If  it 
becomes  full  of  grease  when  used  on  fine  tiles,  rub  the 
coke  on  a  rough  file  and  it  will  become  clean  as  well  as 
clean  the  file. 

C.   A.    FORTXEY. 

Lock,  Penn. 

E2im®ff>g©Eac5^  Fap®  CEsiSuap 

\  satisfactory  form  of  l^ipe  clamp  is  here  illustrated. 
l>ipes  and  nipples  generally  first  corrode  through  at  the 
threads,  because  there  the  metal  is  thinnest.  If  the  pipe 
i.  not  screwed  all  the  way  into  the  fitting,  this  clamp 


ibcii.  with  a  gage  on  the  discharge  line,  the  ]n-essurc- 
can  be  so  regulated  as  to  have  an  excess  pressure  on  the 
line  at  all  times,  regardless  of  the  demand.  After  this, 
the  condition  of  the  check  valve  is  of  no  consequence. 

The  amount  of  feed  must  then  be  regulated  entirely 
bv  the  position  of  the  feed  valve,  allowing  the  governor 
to  regulate  the  pump  speed.  I  have  laiown  of  cases  where 
resufating  the  pump  speed  by  hand  has  resulted  in  the 
pump  becoming  steam   bound  and   causing  a   sliutdown. 

.loHX    V.  Hirst. 

Louisville,   Kv. 


Keferring  to  the  letter  by  J.  C.  Hawkins  on  p.  1S■^. 
Aug.  4,  a  soft  hammer  may  be  easily  made  out  of  a  pijn 
fitting,  as  shown  in  the  illustration. 

Use  a  Tee  with  a  side  opening  into  which  a  pipe  is 
screwed   for  n   handle.     Plug  the  pipe  and  use  a  piece 


Clamp  ix  Position 


may  then  be  applied,  no  matter  what  the  pressure  is,  and 
it  will  make  a  tight  joint. 

A  represents  a  pipe  screwed  into  fitting  B  and  corrode(l 
at  thread  C.  The  clamp  is  made  by  .sawing  a  ring  oli 
a  coupling  the  size  for  the  pipe,  as  at  D;  E  is  the  ring 
sawed  in  two  ready  to  put  on.  The  width  of  the  ring 
should  be  a  little  less  than  that  of  the  thread  outside  the 
fitting.  Say,  if  there  are  four  threads  outside,  tlie  ring 
should  not  be  more  than  three  threads  wide.  This  will 
make  a  tight  joint  with  a  screw  clamp,  which  is  always 
handv  in  the 'engine  room.  Clamp  the  two  half  rings 
on  the  pipe  with  considerable  pressure.  If  the  thread  on 
the  pipe  is  clean,  no  packing  is  necessary  except  a  little 
red  or  white  lead.  I  always  keep  a  number  of  these  rings 
of  different  sizes  on  hand. 

Louis  KliKCTZKAMP. 

Brooklyn.  X.  Y. 

FMasiap    IRegnfllatoiPS    Cofflmimaeiradled 

Manv  troul)les,  such  as  leaking  feed  lines,  etc..  are 
directlv  traceal)le  to  the  practice  of  regulating  the  feed 
to  the  "boilers  by  the  speed  of  the  feed  pump. 

The  pump  may  be  inefficient  and  regulating  the  speed 
by  hand  mav  cause  the  pressure  in  the^  feed  line  to  be 
less  than  that  in  the  boiler,  consequently,  if  the  checks 
should  leak,  the  hotter  water  will  back  into  the  feed  line, 
causing  undue  expansion  strains  as  well  as  danger  of 
water-hammer.  '* 

The  remedy   is  to   equip   the   pum])   with   a   govciTior. 


Fitting  Filled  with  Lead 


of  cast  iron  or  other  scrap  material  for  filling  the  greater 
part  of  the  interior  of  the  fitting,  then  cast  the  lead  or 
babbitt  metal  so  that  there  will  be  projecting  faces  at 
each  end  of  the  fitting. 

A  hammer  of  almost  any  weight  may  be  made  m  tlr  .^ 
way  and  easily  recast. 

F.  S.  Wilson. 

iMew  York  Citv. 


The  illustration  shows  a  renjote  control  for  blower  en- 
gines, which  has  been  in  use  for  several  years,  and  is  a- 
labor  saver. 


viiiiinWiJiIf/i/imi>i//////m/i//mim/o//i/iiii//n//i 


Hand  Control  on  Cutoff 
These  engines,  which  are  directly  connected  to  24-ft. 
fans  beneath  the  firing  floor,  -ire  equipped  with  regulating 
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\alves  acting  with  the  changes  of  pressure,  but  the  ex- 
treme load  variations  m^de  it  iccessar;'  to  secure  wide 
range  of  control. 

Changes  in  valve  travel  are  secured  by  shifting  th) 
link  block  up  or  down  in  the  rocker-arr  l)y  means  f  th 
screw  A,  and  handwheel  B.  Formerl  the  water  teuder 
had  to  go  downstairs  to  do  this.  Means  were  devised  '  > 
■  perate  the  wheel  from  the  floor  above,  as  shown.  The 
to^al  cost  did  not  exceed  $.3  each. 

Springfield,  111.  W.  C.  Cooper. 

The  Huron  Cement  Co.,  Alpena,  Mich.,  of  which  the 
writer  is  chief  engineer,  has  three  times  had  trouble  and 
been  put  to  considerable  expense  through  the  damage  to 
turbines  from  the  splitting  of  a  cooling  tube  allowing  the 
oil  to  run  from  the  reservoir  into  the  sewer  with  the  cool- 


Low-Lkvp:i,  Oil  Alaii.m 

ing  water.  As  turbines  are  made  today,  there  is  nothing 
to  show  this  danger  until  it  is  done,  then  it  means  new 
]iart8. 

To  provide  a  warning  before  )lie  mischief  is  done,  the 
writer  devised  the  oil  alarm,  shown  in  the  accomi)anying 
sketch,  the  construction  and  action  of  which  are  sclf- 
e.xpianatory.  On  the  one  side  is  a  sight-glass  indicating 
the  level  of  the  oil  in  the  reservoir,  and  on  the  opposite 
side  of  the  reservoir  a  metal  cylinder  connected  similarly 
as  a  sight-glass  containing  a  float  on  the  top  of  the  oil. 
.V  rod  extending  upward  from  this  floa*  is  arranged  to 
make  an  electrical  contact  when  the  oil  level  I'iilis  to  the 
danger  mark,  and    thus   ring   the  alarm   bell. 

.Miicii!!,  Midi.  T.  S.  Xdirni. 


Sdeel  Sdaclfes 

The  formula  for  llie  thickness  of  plate  in  seir-su)i]W)rt- 
ing  steel  stacks,  as  presented  by  Mr.  Durand,  page  20.'i 
of  tile  .\ug.  11  issue,  appears  to  give  an  unnecessarily 
great  thickness  of  plate.  'I'be  unit  stresses  of  flOOO  and 
KOOO  lb.  per  sq.in.  for  single-  and  double-ri voting,  j'e- 
s|)i'(tiv(>lv.  jiri'.  r  liclieve,  values  of  extreme  conservatisni. 


Take  a  stack  of  10-ft.  diameter  and  200-ft.  total  height, 
the  bell  of  which  is  25  ft.  high ;  the  formula  for  single- 
riveting  gives  a  thickness  of  plate  at  the  junction  of 
shaft  and  bell  of 

TWxI^  =  H  '«•  nearly 

In  the  practical  construction  of  self-supporting  steel 
stacks,  the  thickness  of  the  former  is  not  over  Y2  ^^-  ^"'^ 
the  latter  %  in.  One  company,  extensive  builders  of  sel  f- 
supporting  steel  stacks,  uses  unit  stresses  for  double-riv- 
eting as  high  as  11,000  lb.  per  sq.in.  It  would  seem  tliat 
with  an  ultimate  strength  of  plate  of  60,000  lb.  per  sq.in., 
a  factor  of  safety  of  4  and  an  efficiency  of  single-riveted 
joint  of  55  per  cent,  an  efficiency  of  double-riveted  joint 
of  70  per  cent,  would  satisfy  all  necessary  requirements. 
This  gives  a  unit  stress  for  single  riveting  of  8250  lb 
and  for  double  riveting.  10,500  lb.  per  sq.in. 

The  assumption  of  25  lb.  per  sq.in.  for  wind  pressure  is 
evidently  a  typographical  error  which  should  have  read 
'"square  feet." 

C.  0.  Sandstrom. 

Kansas  Citv,  Mo. 


©nil  Ssa  fSas.fflnnnmes'  '. 

Iron  workers  make  a  practice  of  drilling  a  hole  about 
14  in-  ill  diameter  and  2^2.  to  3  in.  deep  into  their  ham- 
mer  handler.     The   purpose  of   this  is   to   fill    the   hole 


OiT  i\  IIa.mmer  II.andle 


with  oil  in  the  belief  that  it  prevents  the  handle  from 
splitting  and  makes  it  more  flexible.  The  illustration 
shows  how  it  is  done. 

Ceo  nil  10  J.  Little. 
Passaic,  \.  .T. 


A.]lllo"«^siE)ice  for  lEsspsiKiisnoim 

I  agree  with  L.  Jdhnsdii,  p.  l';9.  .\ug.  I,  regarding 
keying  up;  even  valves  should  be  set  while  the  engine  is 
near  the  working  heat.  It  is  evident,  however,  that  he 
has  never  had  a  large  ])hosphor-bronze  or  gun-metal  beai'- 
ing  run  hot  or  he  would  have  seen  the  engine  slow  down 
without  the  throttle  being  closed. 

Prompt  action  is  necessary  in  such  cases  to  get  it 
slacked  back  and  the  engine  running  again,  thus  avoid- 
ing a  "freeze"  and  difficulty  in  making  it  leave  the  jiin 
for  refitting  pur])oses.  With  the  white-metal  tyi)e  of 
bearing,  unless  the  engine  is  heavily  loaded,  there  will 
be  no  slowing  down  as  the  metal  will  tear  free  and,  if 
hot  enough,  it  will  throw  out  molten  metal.  In  the  case 
of  a  new  braring  on  an  old  pin,  it  will  make  a  far  better 
job  by  bedding  itself  by  wear  even  if  it  runs  a  bit  hot 
for  a«(Vw  days  and  loses  a  few  gallons  of  oil. 

I?oclKlale," England.  K.  U.   TrMxi 
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Last  Lesson's  A.\s\vek> 

12ii.  The  linear  velocity  of  the  poiut  A'  when  the  wheel 
is  ruiming  at  To  r.p.ni.  is  equal  to  the  circtimferonce  of 
a  cin-le  whose  radius  is  5  ft.,  times  the  r.p.m.  Thus, 
the  velocity  of  the  point  .V  =  2  X  3.1416  X  -J  X  To  = 
2356  ft.  i)er  min..  or  39. :i  ft.  per  sec.  As  this  velocity 
;vas  acquired  in  2  min.,  or  120  sec,  the  gain  in  velocity 
in  feet  per  second  per  second,  or  the  acceleration,  is 

'^2  =  0.327 /;!. 

127.  (a)  In  last  week's  lesson,  it  was  shown  that  the 
gain  in  velocity  in  revolutions»per  second  per  second  was 
equal  to  the  linear  acceleration  a,  divided  by  the  radius 
times  2jr.     Thus, 

A  =  '1 =  ^-^ =  n.O104 

2  X  -  X  /»'       ^  X  3.1416  X  o 

which   gives   the   acceleration    in   revolutions    ])er   second 
per  second. 

This  acceleration  might  be  found  in  another  way.  Thus, 
the  revolutions  per  second  =  fj  =  1.25.  and  as  it  re- 
quired 120  sec.  to  attain  this  speed,  evidently  tlie  gain 

in   revolutions   per  second   per  second  must  he    —^   = 

0.0104. 

(b)  All  points  in  the  wheel  have  the  same  angular  ac- 
celeration, as  they  all  jiass  llirough  the  same  number  of 
radians  per  second. 

12S.  The  weight  of  the  wheel  is  the  same  as  that  of 
a  liar  8x10  in.  in  cross  section,  and  of  a  length  equal  to 
the  circumference  of  a  circle  whose  diameter  is  equal  to 
the  mean  or  average  diameter  of  the  rim.  As  the  out- 
side of  the  wheel  is  12  ft.  in  diameter,  and  the  rim  is  8 
in.  thick,  it  follows  that  the  mean  diameter  of  the  run  is 
11  ft.  4  in.  The  problem  now  resolves  itself  into  finding 
the  weight  of  a  bar  of  cast  iron  8x10  in.  in  cross  section 
and  4271/4  in.  long  (the  circumference  of  the  circle). 
The  cubical  contents  of  the  bar  equal  S  X  10  X  427.25 
34,180         i„-Q_ff      The  weia-ht 


suljstitutiug  these  values  in  the  above  equations,   tli 
results. 

2  X  3.1416  X  8900  X  IT  X  IT  X  0.0166 


34,180  cu.in..  or 


19.T8  cu.ft. 

450  lb.,  hence  tlie  total 


F  = 


32.16  X  2  X  3  X  3 

130.     The  reduction  in  speed  is    (120 
r.p.m.,  or  1  rev.  per  sec. 


■  =  463.4  Z/y. 


60)  =  60 
As  this  reduction  takes  place  in 
1  min.,  or  60  sec,  the  deceleration  in  revolut'ons  per  sec- 
ond per  second  =  ^.  The  braking  force  P  required 
may  be  found  from  the  same  equation  as  used  in  the 
previous  problem  for  finding  the  accelerating  force:  thus. 


P  = 

P  = 


2  -  X  W  X  i?=  X  J 


where  IT 


1728 
of  a  cubic  foot  of  cast  iron  is 
weight  of  the  rim  is  19.78  X  -150  =  ^900  Ih. 

The  radius  of  gyration  is  the  distance  from  the  center 
of  the  shaft  to  the  center  of  the  rim,  or  5  ft.  8  in. 

129.    A  speed  of  90  r.p.m.  =  1.5  rev.  per  sec.    As  this 
speed  was  attained  in  li/o  min.,  or  90  sec,  the  gain  in 

1  5 

speed  was-^=  0.0166  rev.  per  sec.  per  sec.    In  equation 

ir 

(TT ).  it  was  shown  that  P  X  d  ^  '^  X -^  X  j    X  H"  X 

A   or,  P  =-'^"       ,^^.   Now  in  this  problem  the  weight  IF 

gd 
is  8900  lb. ;  the  radius  of  gyration  ff  is  5  ft.  8  in.,  or  ^ 
ft.:  the  angular  acceleration  A  is  0.0166  rev.  per  sec.  per 
sec:  (■/  =  32.16,  and  the  moment  arm    rl   is  2  ft.     Hence, 


gxd 

,1  =  Y„„  and    d  =  1.5  ft.,  therefore 

2  X  3.1416  X  8900  X  IT  X  IT  X  1 

32.16  X  1.0  X  3  X  3  X  fiO 

Cextuifigal  Fohci: 


8900   lb. :    /.' 


=  020.4  ///. 


Xewlon's  first  law  of  motion  states  that  all  bodies 
continue  to  move  in  a  straight  line  except  in  so  far  as 
comjielled  by  external  forces  to  change  that  path.  In 
order  that  a  body  may  move  in  a  circle,  it  becomes  neces- 
sarv  lo  have  some  constraining  force  applied.  If  a  fly- 
wheel l>rcaks,  it  is  a  matter  of  common  experience  that 
the  parts  tend  to  move  in  straight  lines  because  the  mo- 
lion  is  no  longer  constrained.  What  force,  then,  is  nec- 
es-arv  to  kee^j  an  object  moving  in  a  circle?' 

Ill  l-'ig.  Sd.  let  the  point  -1  be  rotating  with  a  uniform 
linear  velocity  V  aliont  the  point  0.  Xow  if  the  point 
A  is  to  be  kept  mu\ing  in  a  circle,  il   naist  be  evident 


Fig.  so. 

that  the  link  UA  must  exert  a  force  sufficient  to  hold  thr 
point  A  in  its  path.  This  force  is  called  the  centripetaJ 
force,  since  it  tends  to  draw  the  point  .4  toward  the  cen- 
ter  O  with   a   definite  acceleration.     Like^-ise.  the  force 
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tending  to  draw  tlie  body  .1  away  from  the  center  is 
called  the  centrifugal  force.  From  the  conditions  of 
equilibrium,  the  centripetal  and  the  centrifugal  forces 
must  be  equal  and  opposite  to  each  other.  If  the  body  A 
were  free,  it  would  move  along  the  line  AB,  and  at  the 
end  of  a  given  time  would  be  at  some  point  C,  but  instead 
of  l)Ling  at  C,  due  to  the  centripetal  force,  the  point  .1 

0 

/i\      T 
/\\     \ 
/      \    i 

/   i   H 

\/|V  T  Y^-y 

'^      J       -^ 

\r~P^/  POWER. 


Fig.  81. 

rotates  about  the  point  0  and  reaches  some  point  D  on 
the  circumference  of  the  circle  Connect  the  points  *4 
and  D  with  a  straight  line.  Now  if  the  distance  ^Z?  is 
very  small,  then  the  arc  AD  and  the  chord  AD  are  prac- 
tically equal.  Draw  the  line  DM  at  right  angles  to  AE. 
The  distance  DC  =  .13/  will  then  represent  the  amount 
that  the  point  A  is  drawn  out  of  the  path  AB. 

The  distance  AD  represents  the  space  passed  over  by 
till'  point  ^  in  a  short  interval  of  time,  say  t  seconds,  so 
that  .iD  =  F  X  ^-  Now  let  a  =  the  acceleration  with 
which  the  point  .1  is  being  drawn  out  of  its  path  in  a 
straight  line.  The  distance  AM  will  equal  Vs  ^  X  ^"  or 
AM  =  1/2  at\ 

Draw  the  lines  AE  and  DE.  Then  the  triangles 
A  DM  A  and  AEDA  will  be  similar,  that  is.  they  have 
their  angles  respectively  equal,  and  as  a  result  their  sides 
will  be  proportional  each  to  each.     Thus, 

'^-i%or,AJJ'^^AMXAE 

From  the  above  discussion,  AD  =  Vt  and  .1.1/  =  !/>  at", 
iiiid  as  AE  is  the  diameter  of  the  circle,  it  must  equal 
2  R.  Now,  substituting  these  values  in  the  above  equa- 
tion, there  results 

V-  I-  =  1/0  at-  X  '^  X  R,  or 
V-  =  a  X  />',  and 

"  =  y  (-S) 

That  is  the  accc'leration  witii  wliidi  tlic  givi-n  jioiiit  .1 
is  drawn  out  of  its  path  in  a  straight  line  by  the  force 

F2 

a^'ting  in  the  link  0.1   is  -„,     and  from  equation   (4!t) 

W 

F  =  —  a.  Therefore,  let  C  =  the  centripetal  force  ex- 
erted by  the  link  0.1  to  keep  the  point  A  moving  at  ;i 
distance  //  frnm  the  point  O.  then 


C  =~    X  ff 


(70) 


This  same  eqiuation  juay  be  used  to  figure  the  centrifugal 
foi'ce  exerted  by  rotating  bodies.  The  existence  of  this 
force  accounts  for  the  fact  that  all  large  rotating  bodies, 
such  as  ilywheels,  must  be  carefully  balanced,  otherwise 
there  will  ])e  an  excessive  pressure  exerted  on  the  bear- 
ings supporting  the  rotating  body.  Likewise,  the  crank 
pins  and  part  of  the  connecting-rods  of  engines  must  be 
balanced.  This  may  be  done  in  various  ways.  Where 
crank  disks  are  used,  one  end  is  made  much  heavier  than 
the  other.  In  locomotives,  additional  weight  is  added  on 
the  side  of  the  driver  opposite  to  that  containing  the 
crankpin.  This  is  called  the  counterweight  or  counter- 
balance. 

Equation   (70)  may  bo  expressed  directly  in  terms  of 
the  revolutions  per  minute,  S ,  made  by  the  wheel.     Since 

2  -  ^  X 

the  linear  velocity  T'  ^ z —  feet    per  second,  it  fol- 

lows  that 

_  ir  X  (2  ^)-  X  /?-  X  y~        (3  ^Y  WRN'- 


O  = 
Or 


002  X  g  X  R 


oouo  X  g 

(80) 


C  =  0.000341  WRN- 
Study  Questions 
l-'il.     A  flrwheel  10  ft.  in  diameter  is  running  at  100 
r.p.m     Find  the  acceleration  with  which  a  point  on  the 
rim  is  moving  toward  the  center  of  the  wheel. 

132.  If  the  face  of  the  wheel  is  10  in.  and  the  thick- 
ness of  the  rim  8  in.,  what  is  the  centrifugal  force  per 
inch  length  of  rim? 

133.  A  wheel  running  at  loOO  r.p.m.  has  an  unbal- 
anced weight  of  5  lb.  at  a  distance  of  18  in.  from  the 
center.  Find  the  pressure  in  pounds  on  the  bearings 
due  to  this  unbalanced  weight. 

134.  Fig.  81  is  a  diagrammatic  sketch  of  Fig.  14, 
TiCsson  IV.  If  the  link  0.4  is  18  in.  long,  find  the  r.p.m. 
of  the  ball  A  when  the  link  makes  an  angle  of  30  deg. 
with  the  vertical. 

13.5.  What  decrease  in  speed  must  take  place  so  thai 
the  angle  0AM  will  be  reduced  to  30  deg.? 


or  Co.     nnnouiioe   th«' 
ion    Uiie      from      tht 


Otticials  of  the  Nevad;v-C:ili fm  niu  V 
completion  of  the  company's  transm 
plant  of  the  Southern  Sierra  Power  Co. 

Power  is  now  carried  over  the  new  line  from  the  gren- 
c-atins  plant  In  the  Sierra  Nevada  mountains  near  ni.shop 
to  El  Centro  in  the  Imperial  Valley,  a  distance  of  more  than 
400  miles.  This  is  the  longest  power  line  in  the  world  be- 
ins  almost  twice  as  long  as  the  transmission  line  of  the 
Pacific  LiKht  &  Power  Co.,  to  Los  Angeles.  At  the  openlnpr 
the  new  line  carried  2000  hp.  of  electric  enerKy.  It  has  a 
capacity  of  10,000  hp. 

There  are  four  substations  on  the  new  line,  at  BanninK, 
Coachella,  Caliptria,  and  El  Centro  and  each  of  these  will 
lie  a  nucleus  of  a  distributing  system.  There  are  four  power 
plants  In  Imperial  Valley,  but  these  were  unable  to  supply 
tlie  demand  and  arrangements  were  made  for  a  supply  of 
power  from   Southern   Sierra  Power  Co. 

The  greater  part  of  the  power  transmission  over  the  new 
line  will  be  used  for  irrigation  pumping.  Underneath  the 
'mperial  Valley  I  e  inexhaustible  supplies  of  water,  which 
iiust    be    pumped    to   the    top    of   the    ground    to    be   available. 

The  Southern  Sierra  Power  Co  is  controlled  by  the 
Ncvada-Californi.a  Power  Co.,  and  owns  two  hydro-elcctrlc 
plants,  with  a  steam  generating  plant  at  San  Hernardino.  Its 
lines  are  connected  with  those  of  the  Nevada-California 
Power  Co.,  which  owns  a  development  of  35.000  hp.,  the  two 
companies   being    oper;>tp-i    .-^s   one. 
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JUST  JESTS,  JABS,  JOSHES  AND  JUMBLES 


We  (eel  proud  of  the  kind  reception  given  our  little  daily, 
the  "Power  Pup,"  at  the  N.  A.  S.  E.  Milwaukee  convention. 
Of  course,  its  success  was  made  possible  only  by  the  hearty 
support  accorded  it  by  both  engineers  and  exhibitors.  We 
thank    them,   one  and   all. 

How  a  boiler  manufacturer  can  find  time  to  make  boilers 
as  well  as  jokes,  let  alone  spread  'em  broadcast  (meaning  the 
jokes)  is  beyond  our  ken.  The  twenty-sixth  annual  conven- 
tion of  the  American  Boiler  Manufacturers  did  it  at  the  Wal- 
dorf-Astoria, New  York,  recently.  What  else  they  did  is 
something  else  again,  but  they're  sure  a  happy  lot,  consider- 
ing the    nature    of   their    business. 


The  motive  power  of  an  East  Indian  fan,  the  punkah,  is 
the  wallah,  who  operates  it  for  $2.60  a  month.  But  the 
enterprising  Occidental  is  introducing  the  electric  fan,  put- 
ting the  punk  in  the  punkah  and  a  wall  around  the  wallah. 
This  is  what  they  call  "palliating  the  fierce  heat  of  the 
tropics.  " 

Time  approaches  for  the  annual  awarding  of  those  forty- 
thousand-dollar  Nobel  prizes.  While  this  is  a  neat  little  bunch 
of  money,  the  attending  publicity  of  the  thing  makes  some  of 
us   modest    uplifters    hesitate. 


No,  sirree!  not  one  word  about  the  war.  We  are  a 
neutral  people,  a  peaceful  country.  Any  more  suggestions 
from  our  correspondent  at  Milwaukee  and  we'll  refer  him  to 
Dick   Foley,  and — "Out  the  window  he   must   go!" 


President  Wilson  favors  slicing  twenty-flve  millions  off  the 
rivers  and  harbors  appropriations.  This  slicing  is  evidently 
aimed,  not  at  our  water-power  developments,  but  at  Con- 
gressman Porkbarrel,  who  would  make  navigable  his  farm 
and  those  of  his  neighbors. 

:*: 

Somebody  says  that  being  a  boy  is  a  matter  of  tem- 
perament rather  than  age,  Surroundings  have  something  to 
do  with  it.  We've  known  young  men  in  archeological  plants 
who  looked  like  Pharaoh's  granddad,  and  whiteheaded  boys  of 
fifty  in  a  real  plant  who  just  radiated  sunshine  and  kind- 
liness; they'd  make  Sunny  Jim  look  like  a  professional  pall- 
bearer. 

y. 

MA'S    AS    AX    EI.ECTKIC    tl  ItUKNT 

BT    F.    "W.    SWIFT 

Man  can  be  compared  to  an  Electric  Current  in  many 
ways.  He  has  to  undergo  a  Series  of  Ups  and  Downs  from 
the   time   he   first   enters   this  world    until   he   leaves   it. 

If  he  has  a  large  Capacity  for  directing  his  Energy  in  the 
right  Line,  he  is  going  to  be  a  Leading  Power  Factor  in  his 
community;  if  he  allows  himself  to  be  Induced  by  others,  he 
will  be  found  Lagging. 

He  must  get  into  Synchronism  with  his  fellow  workers — 
i.e..  keep  In  Step  with  them  when  they  are  all  directing  their 
Enersy  for  their  employers'  welfare.  Personal  Magnetism 
is  the  Exciter  of  the  esteem  and  admiration  of  his  employ- 
ers  and   his   fellows. 

He  must  be  able  to  Transform  his  Energy  into  whatever 
Phase  of  work  he  is.  by  circumstance,  Transmitting,  and  so 
Distribute  his  Energy  that  his  best  service  is  obtained.  His 
ability  to  overcome  Resistances  in  his  path  depends  upon  the 
Pressure    his   mind   and   backbone    exert. 

The  Frequency  with  which  he  studies  Current  affairs  will 
show  up  sooner  or  later.  Some  men  display  much  Reluctance 
toward  the  Admittance  of  new  ideas  into  their  Storage  Cells 
and    will    not    "Do    it    Electrically";    for    such,    a    Ground! 

His  great  Prime  Mover  is  ambition.  It  Generates  in  him 
sufficient  Power  to  do  Watt  he  has  to  do,  and  his  Efficiency  is 
greatly  augmented  if  he  does  not  divert  his  Power  in  Gen- 
erating Stray  Current  and — Exciting  himself  over  small 
mishaps. 

Electric  Current  is  valuable  for  the  work  it  does  and  the 
effects  it  produces,  if  it  is  available  when  needed.  So  also 
with  man,  who  must  be  on  the  job  in  Readiness  to  Serve; 
if  not  he  will  fall  Flat  at  a  quick  Rate. 


I  u  visiting  power  plants,  one  sees  little  things  that  seem 
«  rung,  and  perhaps  similar  ones  in  his  own  plant  after 
returning. 

For  instance,  bearing  keys  and  wedges  with  battered 
ends  look  bad  and  sometimes  cau.se  trouble  when  the 
key  is  to  be  taken  out :  it  eould  have  been  avoided  if  a 
soft  hauuner  had  been  used.  This  also  api)lies  to  Corliss- 
valve  stem  keys,  which  are  frequently  found  battered.  As 
a  rule,  small  cylinder  heads  and  valve  bonnets  have  no 
eye-bolt  holes,  and  in  order  to  remove  them  it  is  neces- 
sary to  use  a  chisel ;  this  mars  the  edges.  Eye-bolt  holes 
should  be  provided,  into  which  setscrews  may  be  screwed 
to  start  the  joint,  and  when  the  head  is  in  place  short 
nickel-plated  capscrews  may  be  put  in  the  holes. 

The  square  of  the  tilling  plug  on  the  cylinder  lubrica- 
tors and  the  bonnets  of  brass  valves  are  many  times  seen 
with  the  corners  rounded  off  by  using  a  pipe  wrench  or 
pliers  to  loosen  them.  Instead  of  a  jiipe  wrench,  use 
cither  a  monkey  wrench  which  will  not  spring,  or  an  oiieu- 
end  wrench.  If  the  plug  leaks,  j)ut  a  lead  gasket  on  the 
.seat.  While  the  first  cost  is  a  little  more,  lubricators 
should  be  nickel-plated,  because  they  will  always  look  clean 
if  given  a  little  attention  and  will  not  tarnish  like  the 
plain  brass. 

One  frequently  sees  a  urencli  which  is  badly  bat- 
tered up  from  hammering  on  the  end  of  the  liandle. 
Instead,  why  not  slip  a  short  piece  of  pipe  on  the  handle? 
The  nut  can  then  ha  drawn  up  as  tightly  as  desired.  This, 
however,  should  not  be  overdone,  or  the  bt)lt  will  be  broken 
or  the  wrench  ruined. 

Another  misused  tool  is  the  monkey  wrench.  It  should 
not  be  used  where  a  great  strain  is  required,  nor  as  a  ham- 
mer. See  that  it  fits  the  nut  clusely,  Miid  never  use  a  pipe 
on  its  handle. 

The  Stilson  and  Trinio  pipe  wrenches  are  also  much 
misused.  Although  they  are  made  very  heavj  to  withstand 
the  hard  usage,  how  many  times  we  see  them  with  the 
handles  badly  bont,  sliowing  that  the  size  was  too  small 
or  that  there  was  a  piece  of  i)i]ie  on  the  handle  to  give 
;)clditional  leverage. 

Sometimes  hand  oil-i-au  spouts  are  .so  badly  battered 
that  the  oil  squirts  out  at  the  side  seam  instead  of  at  the 
end.  Another  eyesore  is  an  overfull  cylinder-oil  pot  set- 
ting on  the  engine  or  pump  cylinder,  the  oil  running  down 
the  side  of  the  cylinder,  presenting  a  slovenly  appearance 
and  being  wasted.  Greasy  waste  scattered  about  looks  un- 
tidy, and  is  sometimes  dangerous  as  it  may  catch  fire  or 
get  into  the  machinery  and  cause  trouble. 

E\ery  tool  not  in  use  .should  be  cleaned  up  aiid  put 
in  its  proper  place,  where  it  may  be  easily  found  when 
Manted.  This,  however,  is  not  always  done,  and  no  one 
notices  it  .sooner  than  the  stranger. 

These  are  some  of  the  things  which  attract  the  attention 
of  the  visitor  or  the  employer.  Of  course,  they  are  not 
to  be  seen  in  our  own  plant,  but  anyone  who  visits  around 
\\-ill  notice  them  in  the  other  man's  plant.  Perhaps  it 
v\-ould  be  a  good  idea  to  look  around  tomorrow  and  see 
what  vou  can  find  in  those  dark  corners. 


Wei^rht  and  Bulk  ol  Coal — The  average  weight  of  one 
cubic  foot  of  solid  coal  is  S7Vi  lb.  The  average  weight  of 
one  cubic  foot  of  heaped  coal  51%  lbs.  One  ton  of  coal 
occupies    approximately    43%    cu.ft. 
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Several  years  ago,  there  was  appointed  by  the  Council  of 
the  American  Society  of  Mechanical  Engineers,  in  accordance 
with  a  resolution  adopted  at  a  regular  meeting  of  that 
society,  a  committee  to  formulate  standard  specifications  for 
the  construction  of  steam  ))oilers  and  otlier  pressure  vessels, 
and  for  the  care  of  the  same  in  service.  John  A.  Stevens, 
consulting  engineer,  of  Lowell,  Mass.,  at  that  time  a  member 
of  the  Massachusetts  Board  of  Boiler  Rules,  was  selected  as 
chairman,  the  remaining  members  of  the  committee  being 
William  H.  Boehm,  in  charge  of  the  boiler  and  flywheel  de- 
partments of  the  Fidelity  &  Casualty  Insurance  Co.;  Prof. 
R.  C.  Carpenter,  of  Sibley  College;  Richard  Hammond,  presi- 
dent of  the  Lalie  Erie  Engineering  Works;  Dr.  Charles  L. 
Huston,  vice-president  and  works  manager  of  the  Lukens 
Iron  &  Steel  Co.,  and  of  the  Jacobs-Shupert  U.  S.  Fire  Box 
Co.;  E.  D.  Meier,  past-president  of  the  society  and  president 
of  the  Heine  Safety  Boiler  Co.,  and  Prof.  E.  F.  Miller,  of  the 
Massachusetts   Institute   of  Technology. 

In  February  of  this  year,  this  committee  issued  a  tentative 
report  of  23S  pages,  comprising  a  suggested  form  of  en- 
gineers' examination  and  license  law,  a  boiler-inspection  law 
and  a  code  of  rules  for  the  construction  and  installation  of 
boilers  and  other  pressure  vessels,  for  the  use  of  the  Boards 
of  Boiler  Control  for  which  the  suggested  boiler  inspection 
law  calls.  Some  1500  copies  of  this  tentative  report  were  is- 
sued to  recognized  authorities  throughout  the  civilized  world, 
including  nonmembers  of  the  society  as  well  as  members,  and 
comprising  boiler  manufacturers,  steel  manufacturers,  insur- 
ance companies,  boiler  users,  consulting  engineers,  operating 
engineers  and  all  who  have  special  knowledge  of  the  boiler 
business.  Each  was  requested  to  study  the  rejjort  carefully 
and  to  give  the  committee  the  benefit  of  his  knowledge,  to 
the  end  that  a  model  form  of  law'  and  a  code  which  would 
insure  the  best  design,  construction,  installation  and  opera- 
lion  of  steam  boilers  might  be  evolved  through  their  col- 
lective   wisdom    and    effort. 

This  report  was  briefly  discussed  at  the  St.  Paul  meeting 
of  the  society  in  .June,  and  it  was  there  voted  that  the  com- 
mittee should  hold  in  the  rooms  of  the  American  Society  of 
Meclianical  Engineers,  29  West  39th  St.,  New  York,  a  hearing 
of  all  interests  concerned,  on  Tuesday,  Sept.  15.  The  hearing 
thus  provided  for  was  called  to  order  in  the  forenoon  of 
Tuesday,  Sept.  15,  by  Chairman  Stevens,  all  of  the  members, 
with  tne  exception  of  Col.  Meier,  being  present.  The  occa- 
sion brought  together  between  100  and  200  engineers  and 
manufacturers,  boiler  inspectors,  officers  of  boiler  insurance 
companies  and  others  vitally  interested  in  the  questions  in- 
volved. 

HISTOKV  A.M)  NECESSITY  FOR  UNIFORMITY 
Mr.  Stevens  opened  the  meeting  with  a  brief  and  forcible 
presentation  of  the  history  and  necessity  for  the  work  which 
the  committee  has  undertaken.  In  this  country,  since  ISG", 
46  years,  there  have  been  10,051  people  killed  and  15,631  in- 
jured in  boiler  explosions  which  have  found  their  way  upon 
the  records.  In  1913,  there  were  499  explosions,  with  IsO 
killed  and  369  seriously  Injured.  The  Massachusetts  law  was 
not  brought  into  existence  by  the  Brockton  explosion,  which 
cost  56  lives  and  $552,000,  nor  by  the  closely  following  Lynn 
explosion,  but  because  the  capitalists  had  something  to  say 
In  Massachusetts,  He  had  represented  them  upon  the  Massa- 
chusetts Board  of  Boiler  Rules,  and  they  insisted  that  they 
shnuirt  have  a  set  of  rules  which  would  avoid  losses  of  this 
kind,  and  that  they  be  uniformly  enforced.  There  were  also 
housands  of  operatives  who  put  In  their  time  over  and 
round  boilers.  In  Connecticut  there  was  an  explosion  of 
holler,  directly  over  which  50  girls  had  been  working  20 
minutes  before.  There  Is  a  boiler  under  one  of  the  $1,000,000 
hotels  of  New  York  which  would  not  be  tolerated  within  the 
COnHnes  of  Massachusetts.  For  10  to  20  per  cent,  additional 
cost,  you  can  have  hollers  which  are  safe,  and  If  you  i-x- 
amine  and  certify  the  men  who  are  jiut  In  charge  of  them, 
you  will  go  a  long  way  toward  wiping  out  this  blot  on 
American  Industry,  and  of  carrying  out  the  Idea  of  "Safety 
First"    which    has    taken    so   strong   a    hold    upon    the    people. 

Edward  H.  Wells,  presldsnt  of  the  Kabcock  *  Wilcox  Co., 
lald  that  his  company  was  In  hearty  a<<iivd  with  the  effort 
which  Is  being  made  to  establish  a  standard  speclflcatlon 
for  steam  boilers.  They  believe  In  It,  first,  because  they  hope 
.ay  lead  tn  the  building  of  better  and  safer  boilers;  second, 
■because  they  hope  there  may  be  established  here  a  standard 
«peclflcatlon  that  shall  be  the  pattern  upon  which  45  or  46 
itates  which  h.avc  not  already  acted  shall  base  the  Laws 
vhlcb  tli6y  are  determined  to  pass  governing  the  manufac- 
nre  and   use  of  steam   hollers      If  out    of  the  deliberations   of 


this  committee  there  shall  come  a  set  of  specifications  and 
rules  for  the  building  of  boilers  which  may  be  incorporated 
Into  the  laws  of  the  states  of  the  Union,  every  manufacturer 
of  boilers  and  of  material  which  enters  into  the  construction 
of  steam  boilers  will  have  gained  a  very  considerable  ad- 
vantage. 

WIDE  INTEREST  OF  STATE  LEGISLATORS 
Thomas  E.  Duiban,  general  manager  of  the  Erie  City  Iron 
Works,  said  that  the  concerns  which  he  represented  have 
been  interested  in  this  subject  for  something  like  six  years. 
They  were  driven  into  it  from  the  fact  that  they  manufacture 
all  types  of  boilers,  and  are  confronted  with  all  kinds  of 
laws  in  the  various  states.  It  is  impossible  to  build  a  boiler 
which  will  conform  with  the  laws  of  all  the  states  and 
municipalities  where  it  is  likely  to  be  used.  This  condition 
became  so  onerous  to  the  builders  of  shell  boilers  that  they 
had  formed  an  organization  for  the  purpose  of  advocating 
the  adoption  by  the  various  states  of  uniform  legislation, 
and,  without  knowing  what  the  committee  of  the  American 
Society  of  Mechanical  Engineers  was  doing,  had  held  several 
meetings,  were  in  correspondence  with  the  governors  of  19 
ctates  who  were  awaiting  only  the  completion  of  a  standard 
form  of  law  to  recommend  it  for  passage  by  their  legislatures. 
When  the  work  of  this  committee  came  out  in  the  spring, 
they  fell  into  hearty  accord  with  it,  and  were  now  awaiting 
cr:ly  their  final  report  to  adopt  it  as  a  basis  of  their  promul- 
gation work.  There  never  was  a  more  propitious  time  to 
urge  the  passage  of  such  legislation,  and  there  is  no  better 
subject  for  legislation  to  put  before  the  legislators.  In  our 
factories,  we  are  obliged  to  protect  the  gears,  we  have  to 
protect  the  elevators,  all  the  buildings  must  have  fire-escapes 
in  order  to  meet  the  requirements  of  the  Safety-First  move- 
ment, yet,  as  Mr.  Stevens  has  pointed  out,  it  is  possible  now, 
in  many  of  the  states  where  this  Safety-First  movement  has 
been  working,  for  a  man  to  put  up  an  elegant  building  pro- 
vided with  every  possible  safety  device,  and  yet  to  have  in 
the  bast.nent  of  that  building  a  boiler  that  may  devastate 
the  entire  structure.  The  boiler  manufacturers  recognize 
their  responsibility  in  the  matter.  It  means  a  radical  change 
in  the  process  of  manufacture  to  a  great  many  people,  and 
yet  among  all  the  boiler-making  fraternity  he  did  not  believe 
there  was  a  single  man  who  had  objected  to  the  movement. 
But  uniformity  is  an  absolute  necessity  in  putting  work 
through  the  shop.  If  it  has  to  meet  the  requirements  of  an 
Ohio  law,  an  Indiana  law,  a  New  York  law  and  a  Pennsyl- 
vania law,  that  diflfei"  in  one  simple  detail,  it  is  almost  im- 
possible, with  the  variety  of  boilers  and  the  different  types 
of  boilers,  to  put  them  through  the  shop  and  have  thera  come 
out  right.  There  is  also  to  be  considered  the  man  who  is  In 
an  occupation,  as,  for  instance,  a  building  contractor  who 
has  different  engines  for  each  state  in  which  he  makes  a 
contract.  The  agricultural-engine  people  who  build  their 
boilers  for  threshing  purposes  will  have  to  have  a  different 
boiler  for  different  states.  It  not  only  makes  it  inconvenient 
for  the  manufacturers,  but  it  is  a  needless  w.aste  of  money 
to  the  purchaser.  The  boiler  makers  stand  here  willing  to 
accept  anything  that  is  right,  regardless  of  small  technicali- 
ties, so  long  as  we  can  get  uniformity.  The  time  Is  ripe  for 
this  kind  of  legislation.  We  must  not  put  it  off.  If  we  can 
make  a  recommendation  close  to  the  existing  laws,  and  if  we 
can  get  five  states,  or  even  three  states,  of  prominence  to 
adopt  the  recommendations  of  this  society,  it  will  be  a  per- 
fectly natural  outcome  that  the  other  states  will  do  the  same 
thing. 

Mr.  Connolly,  of  Cleveland,  said  that  the  American  Boiler 
Manufacturers'  Association,  representing  about  90  boiler  man- 
ufacturers, has  in  view  the  same  thing  that  Mr.  Stevens  and 
Messrs.  Wells  and  Durban  have  urged,  the  protection  of  life 
and  projierty.  The  three  essentials  to  this  are  good  materials, 
good  workmanship  and  an  operator  who  understands  the 
operating  of  a.  steam  plant.  He  would  like  to  see  the  rules 
as  concise  as  possible,  and  recommended  that  particular  at- 
tention be  paid  to  thi'  phraseology,  so  that  there  need  not 
be  developed  a  lot  of  boiler  lawyers  to  tell  what  the  law- 
means  after  It  Is  passed. 

Mr.  Broderick  also  spoke  for  the  American  X-toIIer  Manu- 
facturers' Association,  putting  In  a  strong  plea  for  a  uniform 
law.  He  came  from  Indiana,  and  said  that  that  state  had 
thi-   poorest   boil.-r  law  of  any  In  the   union.* 

C.  S.  Blake,  secretary  of  the  Hartford  Steam  Holler  In- 
H|)ec  on  *t  Insurance  Co..  salil  that  his  company  has  always 
advocated    proper   laws   regarding   the   licensing   of  engineers 

"The    Indiana    Boiler   Law,"    In    the    Issue    of   Aug.    26. 


•Se 


470 


P  0  W  E  II 


Vol.  40,  No.  i; 


and  the  oonstriiction  of  boilers.  It  was  influential  in  framinj; 
the  Philadelphia  ordinance,  nearly  6o  years  old,  and  has 
always  been  glad  to  give  its  help  and  advice  to  states  and 
municipalities  in  framing  laws.  Any  position  contrary  to 
that  would  be  in  contradiction  to  the  claim  which  they  have 
always   made  of   being   the   first   company  to   insure  safety. 

N.  A.  S.  E.  READY  TO  COOPERATE 
Joseph  Carney,  superintendent  of  the  McAlpin  Hotel,  and 
representing  at  the  hearing  the  National  A.-^ociation  of 
Stationary  Engineers,  of  which  he  is  a  past-president,  spoke 
from  the  point  of  view  of  the  users  of  boilers.  He  said  that 
he  was  deputized  by  that  society  to  convey  to  the  committee 
its  deep  interest  in  the  work  which  they  had  undertaken,  and 
its  readiness  to  cooperate  to  the  full  In  introducing  Mr. 
Carney,  as  well  as  during  the  previous  discussion  of  the  ten- 
tative' report  at  the  St.  Paul  meeting,  Mr.  Stevens  gave  thc- 
National  Association  of  Stationary  Engineers  very  compli- 
mentary credit  for  the  persistent  effort  which  that  associa- 
tion had  made,  almost  single-handed,  for  license  and  boiler 
inspection  laws,  and  Mr.  Carney,  in  acknowledging  this  com- 
pliment, expressed  the  pleasure  of  the  body  which  he  repre- 
sented to  find  that  the  great  American  Society  of  Mechanical 
Engineers  at  work  on  the  same  line  that  they  had  pur- 
sued in  their  crude  way  for  so  many  years,  and  trusted  that 
much  good  would  result.  Past  National  President  James  Coe 
spoke  also  tor  the  State  Association.  Dr.  Alexander  C. 
Humphrey,  past-president  of  the  society  and  president  of 
the  Stevens  Institute  of  Technology,  advised  the  committee 
against  undue  heiste,  and  reminded  them  that  any  act  of 
theirs  would  be  accepted  as  an  act  of  the  society.  He  said 
that  there  were  important  interests  which  had  not  been 
consulted,  and  hoped  that  every  available  source  of  infor- 
mation would  be  sought,  and  everybody  whose  interest  was 
affected  would  be  permitted  to  have  a  say  before  the  report 
of  the  committee   was  finally   put   before   the   society. 

E.  T.  Child,  representing  the  Association  of  Master  Steam 
and  Hot-Water  Fitters,  assured  the  committee  of  the  hearty 
sympathy  of  that  society  with  its  efforts. 

LIGHTING  AND  TRACTION  INTERESTS  URGE  UNIFORMITY 
I.  E.  Moultrop,  of  the  Edison  Electric  Co..  of  Boston,  said 
that  the  interest  with  which  he  is  connected  uses  a  large 
proportion  of  the  boilers  in  use  in  this  country,  and  it  would 
be  a  great  benefit  to  them,  as  boiler  users,  to  have  a  standard 
to  which  all  boiler  manufacturers  should  live  up.  Anything 
that  this  committee  could  do  to  bring  about  that  condition 
would  be  of  real  benefit,  but  they  ought  not  to  push  it 
through  too  rapidly  a»d  subject  themselves  to  the  criticism 
that  all  interests  had  not  been  heard.  He  suggested  that 
the  Association  of  the  Edison  companies,  the  National  Elec- 
tric Light  Association,  the  American  Street  Railway  Asso- 
ciation and  the  railroad  organizations  ought  to  have  a  hand 
in  the  matter. 

Edwin   D.   Katte,   chief   engineer   of   electric   traction.   New 
Tork    Central    &    Hudson    River    R.R.,    and    chairman    of    the 
■  committee   on    railroads    of  the   American   Society,   assured    the 
committee   that   the   railroads   were   among    the    largest    users. 
even   of  stationary  boilers,   and   that  his  committee   had   much 
io  impress  upon   them  if  they  were  afforded    the   opportunity. 
Edgar    Marburg,    secretary    of    the    American    Society    for 
Testing    Materials,    made    a    persistent    effort    to    get    himself 
and    the    representatives    of    his    society    upon    the    committee 
as    voting    members.      They    would    not    give    the    committee 
the  benefit  of  their  knowledge  of  the   subject  upon   any  other 
condition.    They  refused  to  be  put  up  as  witnesses  to  be  cross- 
examined,    and    without    the    privilege    of    bringing    in    a    mi- 
nority report,  but  insisted   upon   sitting  upon  the   bench.      His 
insistence    upon    this    point,    with    the    intimation    that    others 
might   insist    upon    a    like    representation,    created    some    con- 
fusion in  the  forenoon  session.     At  the  commencement  of  the 
afternoon   session,   however,  the   committee   announced    its   in- 
tention   to    hear    everybody    who    had    sent    in    a    written    dis- 
cussion   first,   persons   who    had   not    presented    a   written    dis- 
cussion  directly   after,   or  at  a   hearing   to   be   arranged   later; 
that   another    public    hearing    or    hearings    should    be    held,    if 
the  results  of  this  hearing  demonstrate  the  need  thereof,  and 
that    the    committee    would   meet    in    conference    with    any    in- 
terested body  and  give  the  representatives  of  that  body  oppor- 
tunities  for   full   discussion   and   consideration    of   every    ques- 
tion involved  by  the  report.     Proceeding  in  this  line,  the  com- 
mittee succeeded   in   reconciling   its  differences   with  the   steel 
manufacturers,    the     railroad    and     the     other    interests,    .-.nd 
avoided  a  criticism  of  not  having  had  the  cooperation   of  the 
American  Society  tor  Testing  Materials  by  adopting  the  code 
of    that    society,    with    a    few    unimportant    modifications,    so 
that   as   the   hearing   adjourned,    there    appeared    to    be   a   sub- 
stantial   agreement    upon    a    code    which    will    insure,    as    the 
chairman  expressed   it,   a  little  better   material  than  we   have 
been  accustomed  to  having,  correctly  designed,  honestly  con- 


structed and  properly  operated  boilers,  and  a  material  re- 
duction in  the  number  of  accidents  resulting  from  their  mis- 
use. 

POINTS   RAISED   FOR   CONSIDERATION 
Some   of  the   points  raised   for  consideration   were: 
The  possibility  of  making  the  engineers'   license  universal 
by  providing  that  the  license  of  one  state  should  be  accepted 
in  another  when  approved  by  the  inspector  of  the  latter  state 
Instead  of  exempting  locomotive  boilers  generally,  exempt 
only    those    which    are    under    the    jurisdiction    of    the    United 
States  Government.      This  would   bring  under  state  inspection 
the  locomotives  of  private  companies,  and   drill   engines,   etc., 
used   by   the   railroads;   everything,   in   fact,   not    inspected   by 
the   Federal  authorities. 

What  about  locomotive  cranes  and  pile  drivers,  and  dis- 
mantled locomotives  used  in  stationary  service?  Should  the 
age  of  such  boilers,  as  affecting  the  factor  of  safety,  be  reck- 
oned from  the  date  when  they  were  first  made,  or  the  date 
when  they  became  stationary  boilers,  in  view  of  the  fact  that 
they  are  at  that   time  largely   made  over? 

Should  boilers  built  for  shipment  out  of  the  state  be 
exempt  from  inspection  while  building,  which  is  the  only 
chance  to  observe  compliance  with  the  rules?  If  inspected 
during  construction,  should  the  inspection  be  by  the  state  in 
which  they  are  built,  or  by  the  state  into  which  they  are 
going?  If  the  latter,  what  about  stock  boilers,  portable 
boilers   and    boilers   having    no   definite   destination? 

The  tentative  rules  provide  that  every  insurance  company 
authorized  to  inspect  and  insure  boilers  and  pressure  vessels 
shall  have  in  its  employ  at  least  one  inspector  who  resides  in 
the  state.  Mr.  Blake  pointed  out  that  the  total  business  of 
all  the  companies  insuring  boilers  did  not  amount  to  enough 
in  states  like  Idaho,  Wyoming,  etc.,  to  support  a  resident 
inspector.  It  would  affect  his  company  less  than  the  smaller 
companies,  but  it  was  unjust  to  all.  The  tentative  rules  pro- 
vide that  inspectors  of  boiler-insurance  companies  shall  be 
examined  by  a  board  consisting  of  three  members  of  the 
State  Boiler  Department.  These  are  drawn  from  the  same 
rank  and  plane,  with  the  same  degree  of  education,  as  the 
candidate.  Mr.  Blake  thought  that  it  would  be  better  to 
provide  a  board  with  greater  experience  in  examinations, 
and  in  gaging  and  testing  men  for  competency.  In  Ohio 
they  had  improved  upon  the  Massachusetts  law  by  requiring 
a  written  examination.  Mr.  Blake  further  pointed  out  that 
the  Massachusetts  rules  provide  that  if  a  man  retires  volun- 
tarily from  the  service  of  one  company,  he  cannot  serve  as 
inspector  for  another  until  he  takes  a  new  examination.  On 
the  other  hand,  the  rules  provide  that  a  man  cannot  take 
another  examination  inside  of  90  days.  Two  years  ago,  one 
of  the  companies  operating  in  Massachusetts  went  out  of  the 
boiler  business,  and  their  inspector,  who  had  passed  his  ex- 
amination shortly  before,  was  out  of  a  job  for  three  months. 
A  man  once  licensed  should  always  be  licensed. 

It  was  suggested  that  the  serial  number  applied  by  the 
boiler  manufacturer  to  the  boiler  when  made  should  be  ac- 
cepted by  all  the  states  that  the  boiler  may  be  used  in,  and 
that  a  boiler  inspected  and  passed  in  one  state  should  be 
adjudged    good    in    another. 

A  suggestion  was  made  that  fusible  plugs  be  required  to 
be  filled  with  pure  Banca.  tin,  instead  of  the  "pure"  tin  of 
the  committee's  suggestion.  The  railroad  men  were  in  favor 
of  doing  away  with  the  fusible  plug  altogether,  the  marine 
men  were  strong  for  it,  and  most  of  the  stationary  men  pre- 
ferred that  it  should  be  required.  It  was  pointed  out  that 
tin  from  the  island  of  Banca  is  no  longer  procurable  in  large 
quantities,  and  that  the  degree  of  purity  implied  by  the 
niittee's  suggestion  might  be  called  into  question.  The  best 
suggestion  made  was  that  the  melting  point  be  specified. 
Olshausen,  of  the  Bureau  of  Standards,  suggested  that  there 
was  such  a  thing  as  tin  disease;  the  metal  changed  its  nature 
and  its  melting  point:  and  he  suggested  that  the  whole  sub- 
ject be   referred   to   the  Bureau   of  Standards. 

The  provision  for  putting  the  law  into  operation  should 
be  such  as  to  adapt  itself  to  states  in  which  there  is  already 
some  sort  of  inspection;  otherwise,  political  and  other  oppo- 
sition may  be  incited.  The  legal  part  of  the  document  is 
largely  paraphrased  from  the  Massachusetts  law,  and  it  will 
be  necessary  to  have  this  portion  of  the  report  reviewed  by 
a    lawyer   before    it    is    finally    presented. 

Prof.  Gaetano  Lanza,  of  the  Baldwin  Locomotive  Works,] 
pointed  out  that  the  rule  for  the  maximum  allowable  pre 
sure,  which  in  the  report  is  the  formula  ordinarily  in  use,! 
attempts  to  determine  the  strength  of  the  weakest  plate  by| 
coupling  with  the  diameter  of  one  plate  the  thickness  of  an- 
other. The  strength  of  each  plate  should  be  based  upon  it^ 
own    diameter  and   its  own   thickness. 

LOWEST    FACTOR   OF    .SAFETY 
In   the  tentative   report,   the  lowest  factor   of  safety   to   bd 
used   for  boilers,  the  longitudinal  points  of  which  are   of  buttj 
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and  double-strap  construction,  is  4.5.  Prof.  Lanza  says  that 
the  use  of  a  factor  of  safety  of  4  has  been  and  is  very  wide- 
spread, and  has  been  adopted  by  many  authorities  which 
prescribe  laws  for  the  construction  of  boilers,  including  the 
Interstate  Commerce  Commission  in  America  and  a  number 
of  boards  in  England.  Seaton,  on  page  443  of  his  treatise 
on    Marine    Engineering,    edition    of    1907,    says: 

"The  board  requires  a  minimum  factor  of  safety  of  4.5. 
while  the  Admiralty  is  content  with  4,  which  is  quite  sufli- 
cient,  considering  the  stress  on  the  material  is  gently  applied 
and  quite  a  steady  one  during  worlt."  The  size  of  safety 
valve  required  should  be  based  on  the  amount  of  heating  sur- 
face instead  of  the  grate  area.  In  the  light  of  a  series  of 
experiments  made,  a  committee  of  the  Railway  Master  Me- 
chanics Association  decided  that  in  order  to  relieve  tiie 
boiler,  the  discharge  of  the  safety  valve  should  be  4.1  lb.  of 
steam   per   hr.   per   sq.ft.   of  heating   surface. 

SHEARING  STRENGTH 
The  results  of  such  experiments  as  he.  Prof.  Lanza,  had 
in  mind  would  lead  him  to  place  the  shearing  strength  oi 
steel  rivets  in  single  shear  at  about  44.000  or  45.000.  The 
Interstate  Commerce  Commission  advocates  44,000,  and  many 
bodies  "which  make  rules  for  boiler  construction  prescribe 
44,000  or  45,000.  He  was  not  aware  of  any  experimental 
evidence  that  would  warrant  the  use  of  a  smaller  value  of 
shearing  strength  in  double  shear  than  in  single  shear,  mean- 
ing by  this  that  a  rivet  in  double  shear  ought  to  be  credited 
with  both  sections  sheared  or  have  a  value  of  twice  the  sin- 
gle  shear. 

BOILER    RATINGS 

The  tentative  rules  provide  that  a  boiler  having  1  sq.ft. 
of  grate  surface  shall  be  rated  at  3  hp.,  when  the  safety  valve 
is  set  to  blow  at  over  15  lb.  per  sq.in.,  and  a  boiler  having 
2  sq.ft.  of  grate  surface  shall  be  rated  at  3  hp.  when  the 
safety  valve  is  set  to  blow  at  15  lb.  per  sq.in.  or  less,  evi- 
dently meaning  that  such  boilers  ought  to  be  rated  with  the 
respective  amounts  of  horsepov.-er  for  each  one  or  two  square 
feet  of  grate  surface.  Prof.  Lanza  pointed  out  that  this  was 
not  in  accord  with  the  standard  adopted  many  years  ago  by 
the  American  Society  of  Mechanical  Engineers. 

The  moment  of  inertia  of  an  angle  or  a  "T"  is  not  correctly 

bh= 

expressed  by  the  formula . 
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In  calculating  the  area  to  oe  stayed  in  such  surfaces  as 
the  heads  of  horizontal  return  tubular  boilers,  an  arbitrar.v 
allowance  of  3  in.  fron.  the  flange  is  not  suitable  for  all  cases; 
sometimes   more  and   sometimes   less  "^v'ould   be   proper. 

C.  D.  Young,  testing  engineer  for  the  Pennsylvania  R.R., 
f',id  not  believe  a  minimum  factor  of  safety  of  4.5  proper  for 
all  cases  of  stationary  boilers.  There  should  be  some  varia- 
tion in  the  factor  of  safety,  depending  upon  the  service,  pres- 
sure and  maintenance  to  which  the  boiler  has  been  subjected. 
He  did  not  believe  that  any  definite  proof  could  be  shown, 
where  any  boiler  had  exploded  because  it  had  a  factor  of 
safety  as  low  as  4.  When  the  diameter  of  the  rivet  holes  in 
the  longitudinal  seam  of  a  boiler  is  not  known,  one  of  the 
rivets  should  be  removed  in  order  to  measure  the  diameter 
of  the  hole,  and  if  impossible  to  fill  the  hole  with  a  ne'w  rivet, 
the  hole  should  be  tapped  and  a  tap  bolt  applied.  In  his  opin- 
ion, the  size  of  safety  valve  sliould  be  based  on  the  heating 
surface. 

S.  F.  Jeter  said  that  in  Massachusetts  ti.e  factor  of  safety 
Incorporated  In  the  proposed  rules  was  adopted  five,  six  or 
seven  years  ago.  In  that  state,  conditions  were  different 
from  those  in  the  United  States  generally.  The  boilers  were 
operating  under  a  high  factor  of  safety,  and  pressures  were 
somewhat  conservative.  The  majority  of  the  boilers  in  the 
United  States  are  now  operating  on  a  factor  of  safety  of 
something  over  4,  and  many  on  a  factor  of  4.  and,  if  you 
attempt  to  apply  a  greater  factor  to  boilers  already  la  use 
you  are  going  to  meet  tremendous  opposition  from  the  owner. 
The  adoption  of  a  factor  of  safety  of  5.5  would  seriously 
affect  probably  BO  to  75  per  cent,  of  the  boilers  in  use,  and 
he  bellevea  it  will  be  absolutely  Impossible  to  enforce  such 
a  law.  The  Ohio  law  Is  much  superior  to  Massachusetts  In 
this  respect. 

C.  D.  Young  said  that  the  ultimate  allowable  shearing 
strength  for  iron  rivets  In  double  she.ar  should  be  double 
that  for  single  shear,  or  76.000  lb.  per  sq.in..  as  corroborated 
by  recent  tests  on  rivets  In  single  and  double  shear.  The 
proposed  law  provides  for  steel  rivets  to  have  a  strength  In 
single  shear  of  42,000  lb.  and  In  double  shear  of  7S,000  lb. 
He  believes  these  figures  should  be  raised  to  44,000  an«l 
fS,000  lb.,  respectively.  He  has  a  record  of  a  large  number 
of  tests  made  under  his  Jurisdiction  In  th"  test  departmfnt 
of  the  Pennsylvania  R.R.,  which  shows  that  steel  will  glvo 
n    shearing   strength    above    the    figuns    quoted.      The    Federal 


Government  has  recognized  these  figures  in  the  maximum 
shearing  strength,  under  the  regulation  of  the  Interstate 
Commerce  Commission. 

The  clause  relating  to  maxiiunfn  pressure  should  be  worded 
tc  permit  the  use  of  cast  iron  for  malleable  headers  if  super- 
heated steam  is  used,  as  if.  is  good  practice  for  pressures  above 
125  lb.  He  has  had  a  great  deal  of  experience  with  cast-iron 
superheater  headers  used  on  pressures  as  high  as  205  lb., 
and  found  them  entirely  satisfactory.  The  character  of  the 
superheater  header  cannot  in  any  way  be  a  dangerous  element 
tc  the  operation  of  a  boiler.  C.  A.  Anstrom  favored  extend- 
ing the  life  of  lap  seam   return-tubular  boilers   to  25  years. 

Mr.  Kruesi,  of  the  General  Electric  Co.,  objected  to  the 
age  limit  specified  in  the  rules  for  factors  of  safety,  as  it 
would  put  out  of  commission  many  boilers  in  good  condition. 

Mr.  Young  objected  to  the  sliding  scale  for  factors  of 
safety.  To  boilers  properly  maintained,  the  sliding  scale 
need  not  apply,  and  under  such  conditions  the  age  should  not 
increase  the  factor  of  safety  required.  Mr.  Boehm,  of  the 
committee,  asked:  "Suppose  a  boiler  has  a  weak  head,  and 
it  had  been  breathing  more  than  usual  and  fatigue  had  taken 
place?  Would  you  not  discuss  a  factor  of  safety  then?" 
Mr.  Young  replied  that  if  the  committee  had  any  evidence 
to  indicate  that  any  trouble  had  occurred,  this  might  be 
done,  but  to  make  the  rule  cover  all  cases  where  the  design 
has  been  proper  and  the  maintenance  good  did  not  seem 
necessary. 

POP  SAFETY  VALVES 

A.  J.  Schoff  objected  to  the  rule  requiring  pop  safety 
valves,  and  suggested  that  the  lever  safety  valve  be  al- 
lowed. He  said  that  they  have  300  of  them,  which  have 
beeen  used  for  30  years.  The  government  made  them  put  a 
pop  safety  valve  on  one;  they  had  all  kinds  of  trouble  and 
had  to  go  back  to  the  government  and  get  it  changed  back 
to  a  lever   valve. 

A.  D.  Carhart.  superintendent  of  the  Crosby  Steam  Gage 
&  Valve  Co.,  thought  that  Mr.  Schoft  gave  an  erroneous  im- 
pression in  making  it  appear  that  lever  safety  valves  are 
superior  to  the  pop  type.  The  government  had  limited  ex- 
perience, and  it  continued  the  use  of  lever  valves,  but  .1id 
not  allow  them  on  new  installations.  He  thought  it  a  hard- 
ship to  require  two  safety  valves  on  all  boilers.  It  was  a 
good  thing,  but  might  be  a  hardship  on  small  boilers  under 
15  lb.  pressure.  When  a  boiler  requires  a  valve  less  than 
2i,A  in.  in  diameter,  it  would  be  too  bad  to  make  them  split  it 
into  two  valves.  In  the  case  of  valves  of  larger  diameter,  it 
is  all  right,  and  is  less  strain  on  the  boiler.  He  thought 
that  the  heating  surface  instead  of  the  grate  surface  was 
the  logical  factor  for  determining  the  area  of  the  safety 
valve,  but  had  withdrawn  his  active  advocacy  of  that  prac- 
tice because  of  the  number  of  advantages  and  workable  fea- 
tures of  a  proper  rule   based   on  the  grate  surface. 

L.  M.  Brigham,  of  the  Consolidated  Safety  Valve  Co.,  ob- 
jected to  the  general  formula  for  a  safety  valve  proposed 
by  the  committee,  because  it  does  not  take  into  account  the 
lift  of  the  valve,  and  suggested  an  entire  modification  of  the 
safety  valve  requirements.  F.  C.  Blanchard,  speaking  for  Mr. 
Brigham.  said  that  their  company  and  other  leading  safety- 
valve  manufacturing  companies  had  made  tests  of  valves 
from  different  manufacturers;  the  lifts  are  found  to  vary  in 
the  neighborhood  of  300  per  cent.,  some  having  three  times 
the  lift  of  others  of  the  same  diameter  and  built  by  the  same 
concern.  The  proposed  rule  and  the  Massachusetts  and  other 
rules  assume  that  the  lift  must  be  ji  of  the  valve  diameter: 
in  other  words,  a  valve  4  in.  in  diameter  is  assumed  to  have 
a  lift  of  %  in.  to  pass  the  steam  which  the  rules  specify. 
There  are  velves  on  the  market  that  will  not  do  that.  He 
believes  this  is  an  opportunity  for  the  board  to  make  a  rule 
which  is  logical,  and  to  base  it  on  the  evaporation  and  the 
actual  valve  capacity.  The  Master  Mechanics  Association, 
representing  the  railroads  of  the  country,  made  a  rule  two 
years  ago  In  which  It  took  the  lift  into  account.  He  recom- 
mended that  the  accumulation  test  be  made  a  portion  of  the 
rule.  It  consists  in  shutting  off  all  possible  exits  of  steam. 
The  boiler  Is  then  run  to  Its  full  capacity,  and  If  the  pressure 
In  the  boiler  runs  up  15  per  cent,  over  the  pressure  for  which 
the  safety-valve  equipment  Is  set.  It  is  considered  Inade- 
quate. 

Mr.  Crosby  said  that  we  have  a  million  boilers  probably 
In  this  country,  and  if  you  undertake  to  tell  them  all  to  put 
on   two  safety  valves   there   will    be  trouble. 

Prof.  .lacobuB  called  attention  to  the  fact  that  there  were 
a  number  of  boilers,  such  as  wnstc-heat  and  other  types, 
which  do  not  have  any  grates  at  all  upon  which  the  size  of 
the  safety  valve  could  be  based.  There  are  a  number  of 
boilers  In  the  city  which  are  run  from  300  to  400  per  cent, 
of  rating.  There  you  must  have  provision  for  taking  care 
of   an    enormous   amount    of   steam   In   case    of  a   sudden    shut- 
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down  of  the  engine.  As  far  as  he  knew,  the  only  way  to  get 
at  it  was  to  know  the  maximum  steam-making  capacity  of 
the  boiler,  and  provide  safety-valve  capacity  to  take  care 
of  it. 

Prof.  Miller,  of  the  committee,  said  that  they  had  been 
holding-'  back  on  the  safety-valve  question,  thinking-  that  the 
research  committee  on  safety  valves  which  the  society  had 
in  the  field  would  be  able  to  report  in  time  for  this  com- 
mittee to  use  the  information.  Such  things  as  having  the 
safety  valves  marked  with  the  discharge  capacity  have  been 
considered.  A  valve  with  a  high  discharge  opening  may  give 
a  hard,  pounding  action  when  the  valve  seats.  He  thought 
the  best  satisfaction  came  from  the  use  of  valves  with  small 
lifts.  Unless  the  lift  of  the  valve  is  marked  upon  it,  it  would 
be  impossible  to  tell  the  discharge  capacity,  and  even  then 
the  resetting  of  the  valve  by  the  engineer  may  alter  the  lift 
or  discharge  capacity  quite  a  little. 

Mr.  Blake  said  that  Philadelphia  has  for  many  years  re- 
quired two  safety  valves  on  all  boilers  installed  within  its 
jurisdiction. 

Mr.  Carhart  urged  that  the  safety  valve  be  directly  upon 
the   boiler,  and   not   upon    a   connection. 

Prof.  Jacobus  said  that  safety  valves  should  be  placed  on 
the  outlet  of  superheaters,  and'not  on  the  inlet,  the  idea  being 
that  if  the  flow  of  steam  is  suddenly  checked  the  superheater 
becomes  filled  with  steam  not  in  contact  with  water,  and 
there  is  nothing  to  limit  the  temperature  to  which  the  steam 
mav  be  carried.  If  the  safety  valve  is  on  the  outlet  of  the 
heater,  the  application  of  heat  will  raise  the  pressure,  the 
safety  valve  will  blow,  and  the  temperature  cut  down  within 
safe  limits.* 

Mr.  Stevens  explained  that  the  rule  was  made  to  protect 
the  safety  valve.  At  the  inlet  it  would  be  subjected  only  to 
saturated  steam,  and  under  all.  conditions  of  temperature 
would  be  in  active  order.  Prof.  Jacobus  said  that  he  v  ould 
put  a  valve  on  the  outlet  and  omit  it  on  the  inlet,  but  have 
it  designed  to  stand  superheated  steam  with  an  outside 
spring.  Mr.  Carhart,  being  a  maker  of  pop  valves,  raised  a 
laugh  by  recommending  that  valves  be  used  on  both  inlet 
and  outlet.  Prof.  Jacobus  said  that  it  would  be  hard  in  some 
constructions  to  get  a  safety  valve  on  the  inlet  of  the  super- 
heater, and  so  far  as  the  idea  of  having  a  superheater  ex- 
plode from  the  pressure  due  to  a  slug  of  water,  he  had  tried 
the  experiment  a  number  of  times,  and  the  amount  of  back 
pressure   to  be   got   in  that   way  is   not  dangerous. 

The  chairman  asked  it  this  would  apply  to  independently 
fired  superheaters,  and  Prof.  Jacobus  replied  that  the  two 
valves  would  be  all  right  there.  On  an  independently  fired 
superheater,  it  would  be  well  to  have  them  on  the  inlet  and 
outlet,  but  on  the  outside  only  on  the  connected  superheater 
Mr.  R.  D.  Yarnell  recommended  that  nonreturn  valves  be 
uSHd  in  every  boiler  installation. 
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The  tentative  rules  of  the  committee  gave  as  the  ch 
limits  of  the  steel  to  be  used  in  boiler  construction  man- 
ganese. 0.30  to  0.50  per  cent.:  phosphorus,  0.03  per  cent,  max- 
imum; sulphur,  0.03  per  cent,  maximum.  These  figures  were 
vigorously  combatted  by  the  steel  manufacturers,  with  the 
result  that  they  were  modified  to  0.035  per  cent,  maximum 
so  far  as  the  phosphorus  and  sulphur  are  concerned.  All 
firebox  steel  is  to  have  a  tensile  strength  between  55.000  and 
63,000  lb.,  but  to  be  stamped  55,000,  and  both  firebox  and 
rtange  grades  may  be  used. 

Conferences  were  held  with  the  steel  manufacturer.s,  tube 
manufacturers,  and  the  draft  of  rules  revised,  as  above 
stated,  and  so  as  to  allow  charcoal  iron  and  lap  welded  tubes. 
We    may    discuss    some    of    the    provisions    further    in    m    latei 


Salmon  River  Develoi.iiieut  t..  I.e  Knlnrued  —  Oi  ganized 
chiefly  bv  Spokane,  Wash.,  contractors,  the  Salmon  River 
Light  &  Power  Co.  has  sold  bonds  in  the  amount  of  $12.-,,00ll 
to  the  Spokane  &  Eastern  Trust  Co.,  and  is  starting  plans 
for  the  enlargement  of  the  hydro-electric  development  of 
the  Salmon  river  in  Lemhi  County,  Idaho.  The  trust  com- 
panv  has  already  resold  $120  000  '  '  the  bonds  to  Spokane  in- 
vestors. The  issue  is  in  10  yeai  .=!Srial  bonds  bearing  6  per 
cent,  interest.  The  company  was  -.-ecently  incorporated  and 
has  taken  over  the  Lemhi  Power  Co.  which  was  successfully 
operated  for  several  years,  supplying  light  and  power  to  the 
town  of  Salmon  Idaho.  The  new  corporation  will  start  at 
once  the  construction  of  a  new  power  plant,  including  a 
dam  across  the  Salmon  River,  designed  to  have  a  capacity 
of  3000  hp. 
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For  the  purpose  uf  showing  how  important  a  part  elec- 
tricity plays  in  modern  warfare,  the  army  and  navy  of  the 
United  States  are  arranging  a  series  of  special  exhibits  to  be 
included  in  the  Electrical  Exposition  and  Motor  Show  to  be 
held  in  New   York   City,   the  second  week   in  October. 

One  of  these  exhibits  will  show  the  use  of  electricity  in 
coast  defense  service.  It  will  embrace  the  mining  of  harbors, 
handling  of  big  guns,  signal  devices  and  lines  of  com- 
munication, the  use  of  search  lights,  etc.,  in  all  of  which 
electricity  plays  a  more  or  less  important  part.  One  of  the 
navy  exhibits  will  be  the  bridge  of  a  battleship,  complete  in 
every  detail,  showing  how  electricity  is  used  to  control  the 
great  fighting  ships.  How  electricity  is  employed  in  sub- 
marines and  the  new  electric  cooking  range  for  warships,  also 
to  be  shown  in  action,  are  other  fe:itures  of  the  navy  ex- 
hibit. 

A  small  arsenal,  fully  eijuipped  and  engaged  in  making 
ammunition,  is  to  be  exhibited  by  the  ordnance  department 
of  the  United  States  Army.  The  chief  of  this  department. 
Brigadier  General  Crozier,  is  taking  personal  charge  of  the 
preparation  and  display  of  this  exhibit.  The  electrically 
operated  machinery  and  the  officers  and  men  who  will  use 
it  in  making  ammunition  at  the  Electrical  Exposition  and 
Motor  Show,  will  come  from  the  Frankfort  Arsenal  at  Phila- 
delphia. 

However,  most  of  the  one  hundred  and  fifty  exhibits  al- 
ready arranged  are  devoted  to  a  more  peaceful  use  of  elec- 
tricit.v,  to  its  constructive  rather  than  its  destructive  em- 
ployment. The  Government  also  participates  in  this  phase  of 
the  exposition,  for  a  United  States  mint,  actually  in  oper- 
ation making  real  money,  is  to  be  shown  under  the  super- 
vision   of    the    director    of    the    Mint. 
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IJuty  to  AVaro  Minor  KmpIoyreH — An  employer  may  be 
found  to  have  besn  negligent  in  permitting  an  inexperienced 
employee  IS  years  old  to  assist  in  tying  high-voltage  wire.'s 
without  instructing  him  concerning  the  dangers  incident  to 
such  work.  lUiiited  States  Circuit  Court  of  Appeals,  Ninth 
Circuit:   Belts   vs.   Bisher;    213    "Fedeial   Reporter,"    581.) 

DiMt-rlmination  by  Water  ComiianieM  —  A  water  company 
which  illegally  discriminates  against  one  consumer  by  allow- 
ing another  a  lower  rate  than  is  charged  the  former  cannot 
be  compelled  to  allow  the  former  the  lower  rate.  The  only 
remedy  is  to  compel  the  company  to  raise  the  rate  improperly 
allowed  the  latter  consumer.  (South  Carolina  Supreme  Court, 
Paris  Mountain  Water  Co,  vs.  Camperdown  Mills.  S2  "South- 
eastern   Reporter"   417.) 

New  Vorli'M  Sunday  l,a» — The  Erie  County  Court  in  a 
recent  opinion  upholds  the  validity  of  the  law  enacted  by  the 
New  York  legislature  in  1913,  which  requires  employers  in 
ceitain  industries  to  allow  their  employees  at  least  twenty- 
four  consecutive  hours  rest  in  every  seven  days,  except  that 
employees  may  be  engaged  not  more  than  three  hours  on 
Sunday  in  repairing  boilers  and  machinery,  and  in  other 
specified  occupations  which  me  necessary,  including  keepiiif; 
up  fires. 

Idaho  I'uhlic  I  tilities  Act  \  alid — In  a  proceeding  recentl,\ 
l>i-ouKht  by  the  Idaho  Powei-  <t  Light  Co.  and  the  Beaver 
River  Power  Co.  against  the  Idaho  Public  Utilities  Com- 
mission, the  Supreme  Court  of  that  state  upholds  the  validity 
of  the  provision  of  the  Public  Iitilities  Act  of  1913  which  re- 
quires a  power  company  to  obtain  a  certificate  of  necessity 
and  convenience  from  the  Commission  before  constructing 
works  in  territory  served  by  a  competing  company. 

Himks  Not  AKMUnied  by  Stationary  Engineer — In  recently 
affirming  judgment  in  favor  of  a  stationary  engineer,  against 
his  employer,  for  Injury  received  when  his  overalls  came  in 
contact  with  a  revolving  setscrew  on  a  line  shaft,  the  Ar- 
kansas Supreme  Court  held  that  such  employees  do  not  as- 
sume the  risk  of  being  injured  through  the  existence  of  de- 
fects negligently  permitted  by  the  employer  to  exist,  unless 
the  employee  discovers  the  danger.  In  this  connection,  it 
is  to  be  remembered  that  in  several  states  there  are  now  in 
force  laws  requiring  setscrews  to  be  safeguarded,  and  it  is 
uniformly  held  by  the  courts  that  under  such  laws  an  em- 
ployee does  not  assume  the  risk  flowing  from  his  em- 
ployer's failure  to  comply  with  the  law,  whether  the  employee 
knows  the  condition  of  the  setscrew  or  not. 
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!>uboriIination  of  \\  iitpr  Power  KiKhts — The  lights  of  one 
who  owns  land  aloiit;,  a  river,  and  who  maintains  a  dam 
therein  for  the  development  of  power,  are  subordinate  to  the 
right  of  the  state  to  control  the  stream  for  navigation  pur- 
poses. And  the  state  may  so  far  delegate  its  power  in  this 
respect  as  to  authorize  a  logging  boom  company  to  maintain 
works  in  a  stream  and  its  tributaries  to  promote  floating  of 
logs.  In  exercising  this  authority,  the  boom  company  will 
not  become  liable  to  one  whose  water  power  rights  are  thus 
impaired,  unless  the  injury  is  unreasonable  and  unnecessary. 
This  decision  has  just  been  handed  down  by  the  Minnesota 
Supreme  Court  in  a  case  involving  the  liability  of  a  boom 
company   for    interfering   with   a    mill    owner's   rights. 

Employer's  Lialiility  for  Defective  Eneine — An  owner  of  a 
power  plant  is  not  responsible  for  injury  to  an  experienced 
engineer,  resulting  from  unexpected  starting  of  the  engine, 
caused  by  a  leak  in  a  valve,  if  the  employer  was  not  charge- 
able with  notice  of  the  existence  of  the  defect.  (Alabama  Su- 
in-eme  Court.  W.  R.  Flowers  Ijumber  Co.  vs.  Hutchins.  66 
"Southern  Reporter."  lOS.)  In  this  case  the  injury  occurred 
while  the  engineer  was  stooping  over  the  engine,  tightening 
brasses.  The  Supreme  Court  further  holds  that  in  such  a 
case  Ihe  burden  is  on  the  engineer  to  show  the  existence  of 
a  defect  directly  causing  his  injury  and  negligence  on  the 
part  of  the  employer  in  permitting  the  defect  to  exist. 

Storasre  of  Gasoline  as  XniNnnee — Although  storage  of  gas- 
oline on  premises  adjacent  to  or  adjoining  the  pi'emises  of 
another  does  not  constitute  a  nuisance  in  itself,  so  far  as  con- 
cerns the  rights  of  the  adjoining  owner,  the  Michigan  Su- 
preme Court  holds  in  the  lecent  case  of  Whittemore  vs. 
Baxter  Laundry  Company,  148  "Northwestern  Reporter"  437. 
that  the  storage  may  become  a  private  nuisance,  considering 
the  particular  locality,  the  quantity,  and  the  surrounding  cir- 
cumstances, regardless  of  the  degree  of  care  used  in  keeping 
the  gasoline.  In  this  case  the  court  decided  that  maintenance 
of  two  steel  tanks  under  ground  for  the  storage  of  20,000 
gal.  of  gasoline,  within  a  few  feet  of  a  nearby  dwelling  house, 
would  constitute  a  nuisance,  as  against  the  owner  of  the 
house,  and,  therefore,  an  injunction  was  granted  again.'it  such 
storage. 

Eiectrlc  Poorer  Contract  t'ouNtrueil — Under  an  agreement 
by  an  electric  power  company  to  furnish  a  current  not  ex- 
ceeding 300  electric  horsepower,  the  company  cannot  be  re- 
quired to  furnish  three  or  four  times  that  amount  to  start 
motors,  althoutrh  the  contract  was  made  with  reference  to 
use  of  the  current  for  that  purpose;  the  necessity  for  the 
use  of  a  large  additional  current  for  starting  puri>oses  not 
having  been  foreseen  by  either  party  at  the  time  the  con- 
tract was  entered  into.  (United  States  Circuit  Court  of  Ap- 
peals, Ninth  Circuit:  Alaska  Tread  well  (Sold  Mining  Co.  vs. 
Alaska  Gastineau  Mining  Co,  214  "Federal  Reporter,"  71S.) 
The  type  of  motor  involved  in  this  case  was  the  "General 
Electric  Form  K,"  which  was  found  by  the  court  to  require 
at  least  three  or  four  times  the  starting  surge  it  requires 
to  operate  its  load.  The  Court  of  Aiipeals  says:  "It  is  mani- 
fest that  whether  the  starting  surge  is  needed  10  see.  or  30 
sec,  or  only  one  second,  if  the  contract  requires  appellants 
to  furnish  it,  they  are  obliged  to  have  it  constantly  available 
for  the  appellee's  use,  and  therefore  cannot  divert  it  to  other 
uses  without  li.-ibility  for  damages.  To  read  by  construction 
Into  the  written  contract  of  the  i)arties,  such  a  re<iuirement 
Is  therefore  to  reafi  into  it  a  most  i(ni)ort:int  provision  not 
there   found." 

Warranty  «tt  l»««er  <if  KnKlncM  Sold — When  an  engine  is 
sold  under  a  warranty  by  the  seller  that  It  will  develop  a 
certain  horsepower,  Is  the  rci)resentation  to  be  deemed  to 
apply  to  gross  power,  or  to  net  power,  when  geared  to  ma- 
chinery? This  Interesting  question  was  recently  propounded 
to  the  Indiana  Supreme  Court,  In  the  case  of  WInnemucca 
Water  &  Light  Co.  vs.  Model  <Jas  Knglne  Works,  101  "North- 
eastern  Reporter,"  1007.  The  court  decided  that.  If  the  con- 
tract of  sale  or  the  surrounding  circumstances  do  not  show 
that  It  was  otherwise  contemplated,  the  warranty  will  be 
declared  to  appl)'  to  gross  power.  The  contract  In  this  case 
was  for  the  sale  of  a  gasoline,  distillate,  alcohol  engine, 
"Horsepower  develoi)ed  at  27.'>  r.p.ni.  l.'tO  actual  hp.,"  and 
contained  a  warranty  that  the  engine  would  develoii  Its 
"full  rated  horsepower."  The  court  found  that  It  was  a  cus- 
tom In  the  trade  to  reckon  the  gross,  and  not  the  net,  horse- 
power In  supplying  engines  of  a  rated  power,  and  that  40 
per  cent,  of  the  rated  power  Is  the  average  loss  from  fricllon 
The  judge  who  announced  the  opinion  said:  "Under  the  tests 
as  made,  about  n  per  cent,  was  computed  for  Inertlclency  In 
the  generation,  and  In  addition  a  36-ln.  waterwheel  was 
geared  to  the  shaft,  the  percentage  of  reduction  of  power  t" 
move  which  Is  not  shown,  and  the  tests  were  not  made  by 
a  reasonable  method,  so  that  It  Is  Impossible  from  the  evl- 
'leiK'e    tri    determine    what    power    was    actually    developed    by 


the  engine  when  geared  to  machinery."  The  court  concluded 
that,  in  the  absence  of  any  representation  by  the  seller  as 
to  what  net  power  would  be  developed  by  the  engine,  or 
notice  of  the  net  power  required  tor  the  buyer's  purposes, 
or  of  any  representation  inducing  the  buyer  to  believe  that 
he  was  obtaining  150  hp.  net,  he  had  no  cause  of  action 
against  the  seller  for  insufficiency  of  the  engine  in  this 
respeot. 
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The  fourth  biennial  convention  of  the  International  Asso- 
ciation of  Steam  and  Operating  Engineers  was  held  at  Peoria, 
111.,  during  the  week  beginning  Sept.  14.  The  Fey  Hotel  was 
the  headquarters.  There  were  about  200  delegates  present 
from    all    parts   of    the   United   States  and   Canada. 

The  several  business  sessions  of  the  delegates  were  held 
in  the  hall  of  the  Knights  of  Columbus,  conveniently  situated 
to  the  headquarters.  The  spacious  skating  rink  adjoining 
Columbus  Hall  was  tastefully  decorated  and  neatly  arranged 
for  the  various  supi)ly  houses  in  the  display  of  their  power- 
house  equipment. 

On  Monday  morning,  at  11  o'clock,  the  opening  exercises 
of  the  convention  took  place.  Oscar  Moore,  chairman  of  the 
local  committee,  occupied  the  chair,  and  after  u  brief  speech, 
he  introduced  Edward  N.  Woodruff,  mayor  of  Peoria,  who,  in 
a  kindly  address?,  welcomed  the  delegates  and  their  friends 
to  the  city.  Walter  S.  Bush,  secretary  of  the  Trade  and 
Labor  Association,  was  then  introduced  and  spoke  interest- 
ingly on  subjects  of  interest  to  the  engineers.  Matt  Cum- 
merford  responded  fittingly  for  the  engineers.  The  meeting 
then  went  into  executive  session.  After  the  appointing  of 
the  necessary  committees,  an  adjournment  was  taken  until 
2    o'clock. 

There  were  many  features  of  entertainment,  including 
shopping  trips  for  the  ladies,  automobile  rides  through  the 
city  and  visits  to  many  of  the  large  plants.  On  Monday 
evening,  the  delegates  and  their  gentlemen  friends  enjoyed  a 
smoker  in  the  exhibition  hall.  Wednesday  night  there  w-as 
a  moonlight  ride  on  the  Illinois  River,  which  was  greatly 
enjoyed.  Thursday  evening,  the  convention  journeyed  to 
Prospect  Heights  and  |)artook  of  a  hearty  supper  at  "Ve 
Olde   Tavern." 

Among  the  important  business  measures  of  the  conven- 
tion was  the  endorsement  of  a  life  insurance  policy,  and  also 
the  buying  of  property  for  locating  i)ermanent  headquarters 
at  Chicago. 

A  ladies'  auxiliary  was  organized  on  Thursday,  arfd  the 
following  international  officers  were  elected:  Mrs.  George  P. 
Amcdee,  t)akland,  Calif.,  president;  Mrs.  Flora  L.  Beckwith, 
Spokane,  Wash.,  vice-president;  Mrs.  Mary  Burt,  Palmer  Park, 
III.,  secretary-treasurer;  Mrs.  Lilly  Roberts,  Oakland,  Calif., 
general  organizer;  Mrs.  Elizabeth  Lewis,  Mrs.  Sarah  Welton 
and  Mrs.  Daisy  Kasper,  trustees.  This  independent  organiza- 
tion  received    the  hearty   api)riival   of   the   main   body. 

There  were  upward  of  30  booths  on  display  in  the  exhibit 
hall,   among  them   being  man.v  of  the   leading   lirms. 

The  present  ))olicy  of  Ihe  organization  was  indorsed  by 
the  re-election  of  the  entire  administration  ticket,  as  follows. 
Matt  Commerford,  St.  Paul,  Minn.,  president;  Milton  Snellings, 
Washington,  D.  C,  first  vice-president;  T.  J.  Roberts,  Oakland, 
Calif.,  second  vice-president:  Michael  Kelly,  New  York,  third 
vice-president:  Michael  Murphy,  New  York,  fourth  vice-presi- 
dent; Will  M.  Finlay,  Toronto,  Can.,  fifth  vice-president; 
James  G.  Hannahan,  Chicago,  secretary-treasurer;  John  L. 
McNamara,   John   W.   Maher  and   P.   J.   Gorman,   trustees. 

The  next  biennial  meeting  will  be  held  In  Newark,  N.  J., 
In    September,    1!'16. 
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Fact*  .\lH.ii«  <  okc— The  loss  of  i  .m 
converting  coal  into  coke  Is  from  33  to  4"  per  cent.  The 
heating  value  of  a  pound  of  coke  is  approximatelj"  the  same 
as  coal.  The  average  weight  of  heaped  coal  Is  30  lb.  per 
cubic    foot.      One   ton    of  c.ike   ociuiiles    70    to    7'.    cu.ft. 


I'OWEK  AND  IMiWER  TRANSMISSION.  By  K.  W.  Kerr, 
Professor  of  Mechanical  Engineering,  Louisiana  State 
University.  Published  by  John  Wiley  &  Sons,  New  York. 
Size  fixli  In.;  3(11  pages;  32.''.  Illustrations;  third  edition, 
thoroughly  revised.  Cloth.  Price,  %2. 
From   the   jn-eteiitious   table  of  contents,   one   would   expect 

to    find    a    store    of    valuable    enslneerlng    Information    in    thi." 
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book,  but  some  of  the  subjects  are  treated  in  a  most  per- 
functory manner  and  the  entire  work  is  surprisingly  super- 
ficial, composed  as  it  is  of  short  extracts  from  works  on 
physics,  etc.,  and  copious  quotations  from  trade  catalogs. 

Several  errors  in  makeup  are  noticeable  even  on  casual 
reading;  for  example,  Fig.  244  is  inverted  in  position.  Fig. 
150,  the  text  says,  shows  a  pressure  gage  attached,  yet  noni- 
is  to  be  seen.  In  the  index  just  before  "Dead  Center"  and 
"Dead  Plate"  is  listed  "Dead  Boiler  Feed  Pump,"  page  14G. 
where  Fig.  153  shows  a  Deane  pump;  not  Dead.  The  index 
under  economizers  refers  us  to  page  591  when  there  are  less 
than  400  pages  in  the  book.  And  the  subject  of  economizers 
is  disposed  of  under  "Feed  Pipe"  in  a  space  of  twelve  lines 
:ind  one  inferior  cut.  The  subject  "Air  Lift,"  page  282,  has 
less  than  a  hundred  words,  and  the  closing  statement  is  that 
"The  height  to  which  the  water  is  lifted  depends  upon  the 
lir  pressure  which  is  furnished  by  the  compressor."  Again, 
on  page  157,  the  only  reason  offered  for  counterboring  is, 
"The  cylinder  is  counterbored  at  each  end  to  facilitate  the 
introduction  of  the  piston." 

The  problems  to  be  found  at  the  close  of  fach  chapter 
are  excellent  and  furnish  good  exercise  for  the  student  and 
cor   examinations. 

Xew  Government  Publieations — The  Bureau   of  Mines,    De- 
partment  of   the    Interior,    has    recently   issued    the    following 
aew    publications. 
BULLETIN    3S.       The    origin    of    coal,    by    David    White    and 

Reinhardt    Thiessen,    with   a   chapter    on    the    formation    of 

coal,  by  C.  A.   Davis.      1914.     390  pp.     54  pis. 
TECHNICAL    PAPER    34.      Experiments    with    furnaces    for    a 

hand-fired    return    tubular    boiler,    by    S.    C.    Flagg.       1914. 

32  pp.,   4  Figs. 
TECHNICAL   PAPER   63.      Factors   governing    the    combustion 

of    coal    in    boiler    furnaces,    a    preliminary    report,    by    J. 

K.  Clement,  J.  C.  W.  Frazer  and  C.  E.  Augustine.    1914.    46 

pp.,   26  Figs. 
TECHNICAL    PAPER    77.      Report    of    the    Committee    on    Re- 
suscitation   from    Mine    Gases,    by    W.    B.    Cannon.    G.    W. 

Crile,     Joseph     Erlanger.     Yandell    Henderson,     and     S.     T. 

Meltzer.      1914.      36   pp..   4   Figs. 
TTXHNICAL    PAPER    79.      Electric    lights    for    use    about    oil 

and  gas  wells,  by  H.  H.  Clark.     1914.     8  pp. 
MINERS'    CIRCULAR    17.      Accidents    from    falls    of    rock    and 

ore,  by  Edwin  Higgins.  1914.  15  pp.,  8  Figs. 
Note — Only  a  limited  supply  of  these  publications  is  avail- 
able for  free  distribution,  and  applicants  are  asked  to  co- 
operate in  insuring  an  equitable  distribution  by  selecting 
publications  that  are  of  especial  interest.  Requests  for  all 
papers  cannot  be  granted  without  satisfactory  reason.  Pub- 
lications should  be  ordered  by  number  and  title.  Applications 
should  be  addressed  to  the  Director  of  the  Bureau  of  Mines, 
Washington,    D.    C. 

I»IECHANICAL    LABORATORY    METHODS.       The    Testing    of 
Instruments    and    Machines    in    the    Mechanical    Engineer- 
ing Laboratory  and  in  Practice.     By  Julian   C.  Smallwood, 
M.    E.,   Associate   Professor   of    Experimental    Engineering, 
Syracuse   University.      Published  by   D.   Van   Nostrand    Co., 
New    York.      Limp    leather   binding;    332    pages;    5x7V2    in.; 
95    illustrations.      Price,    $2.50. 
The    subtitle    is    clearly    descriptive    of    the    subject    matter, 
and   Avhile  the  main  purpose   has  been   to  provide  a   handbook 
for    the    use    of    college    students    in    mechanical    laboratory 
practice,    the    work    is   one    which    should   find    a   place   among 
handbooks   of   engineering  graduates  and    practical    engineers 
who  appreciate  suggestions  on  the  handling  of  apparatus  and 
guidance    in    the   essentials   of   engineering  tests.      The    author 
gives  as  his  reason  for  undertaking  a  subject  already  treated 
by  a  few  admirable  texts  that  in  his  own  teaching  there   ap- 
peared  need    of   a    brief  work    on    the  broad   principles   of   ex- 
perimental  apparatus  and    methods.      The   book   does  not   con- 
tain   lengthy    or   detailed    descriptions    of    instruments    of   any 
class,  but   it   is  assumed    that    the   reader  is   familiar  with    the 
general  principles  and  purposes  beforehand.      In  dealing  with 
any    class    of    instruments,    the    text    explains    only    the    broad 
principles  of  that   class   or  a  subdivision,  so  that  only  a   brief 
explanation   covers  any   specific  instrument. 

With  the  purpose  of  making  more  direct  and  simpler 
presentations,  the  illustrations  are  diagrammatic  without 
detailed  drawings  or  pictorial  effect.  While  this  method  is 
undoubtedly  sufficient,  and  for  some  reasons  may  be  better 
for  the  explanation  of  abstract  principles,  the  work  could 
have  been  made  no  less  valuable  to  students,  and  certainly 
would  have  been  more  acceptable  to  practical  engineers,  if 
the  plan  of  illustrating  had  been  carried  out  less  rigorously, 
as  by  the  addition  of  good  pictorial  illustrations  of  typical 
instruments  and  appliances. 

Two  main  divisions  of  the  work  deal  respectively  with 
testing  of  instruments  and  machines.  The  first  is  subdivided, 
so  as  to  deal  separately  with  a  group  of  instruments  of  a 
s-.ingle  type  for  a  given  purpose  as  instruments,  and  under 
each  subdivision  the  principles  of  the  instruments  consid- 
ered are  first  related  and  then  are  given  the  methods  of 
testing  them.  Part  1  relates  to  the  principles  and  calibration 
of  instruments  for  determining  w-eights  and  forces,  pressure, 
angular  velooitv.   brakes  and   dynamometers   for  measurement 


of  power,  steam  engine  indicators,  planimeters,  temperaturo 
and   heat,   oil  and   belt  testers. 

Part  2,  on  the  analysis  of  combustion,  is  subdivided  under 
heads  of  determination  of  constituents  of  fuels,  and  heat 
values  of   fuels  and   products  of  combustion. 

Part  3,  "The  Testing  of  Power  Plant  Units,"  is  subdivided 
under  principles  and  methods  of  testing  steam  engines,  steam 
turbines,  conducting  economy  tests  and  testing  steam  pumps, 
.air  machinery  and  water  motors. 

The  work  being  exclusively  on  the  subject  of  testing, 
the  principles  of  all  except  a  few  types  of  engines  and  topics 
such  as  thermodynamics  have  not  been  included.  Only  simple 
algebraical  formulas  are  employed.  The  author's  style  i.'j 
generally  terse  and  clear,  and  the  text  is  additionally  clarified 
by  being  well  paragraphed.  The  work  is  printed  on  good 
paper,  in  large,  readable  type.  The  subheads  of  the  text 
are  in  bold-faced  type,  and  for  readier  reference  there  is 
given  a  convenient  alphabetical  index  in  addition  to  a  com- 
Ijlete  tables  of  contents,  showing  the  divisions  and  subdivis- 
ions  of  subjects. 

Government  .\iil  In  Selection  of  Coal — Requests  for  data 
relative  to  coal  analyses  are  frequently  received.  For  the 
information  of  engineers  who  desire  the  latest  published  ma- 
terial we  advise  writing  the  United  States  Geological  Survey, 
which  each  summer  issues  a  small  pamphlet  giving  analyses 
made  by  the  Bureau  of  Mines  of  the  coal  samples  that  the  Sur- 
vey has  collected  during  the  year.  The  heating  value  is  given 
with  almost  all  the  analyses,  so  that  it  is  easy  to  determine 
which  of  two  coals  is  the  better.  The  bulletin  also  gives  a 
brief  description  of  the  samples,  including  a  section  of  the  coal 
at  the  point  sampled,  and  an  outline  of  the  different  classes  of 
coals  recognized  by  the  Geological  Survey.  A  copy  of  Bulletin 
541-K  may  be  obtained  free  of  charge  on  application  to  the 
Director  of  the  United  States  Geological  Survey,  Washing- 
ten.  D.   C. 


John  ,S.  Smith,  S3,  who  was  an  engineer  officer  in  the  nav.v 
during  the  Civil  War,  died  on  Sunday,  Sept.  20,  at  his  home, 
161  Madison  St.,  Brooklyn.  He  was  engineer  of  the  "Stoning- 
ton."  of  the  Fall  River  Line,  at  the  time  it  came  into  collision 
with  the  "Narragansett."  He  leaves  three  sons  and  two 
daughters. 


Edward  J.  Kunze,  who  for  the  past  four  years  has  been 
assistant  professor  of  mechanical  engineering  at  the  Michigan 
Agricultural  College,  has  been  appointed  professor  of  mechan- 
ical engineering  of  the  Oklahoma  Agricultural  and  Mechanical 
College,    in    charge    of    the   department. 


.VTIyANTIC    COAST    STATKS 

Lightning  recently  damaged  the  Ban^s  power  station  of 
the  Central  Maine  Power  Co.,  Waterville,  Maine,  to  the 
extent   of    $30,000. 

Bids  will  be  received  bv  Walter  B.  Forbush,  Comr.  of  Pub. 
Bldgs.,  Newton,  Mass.,  until  Sept.  30,  for  installing  heating 
and  ventilating  apparatus  in  the  Claflin  School  buildings  on 
■Walnut  St.,  Newton.  Alfred  S.  Kellogg,  53  State  St.,  Boston,  is 
Engr. 

The  Board  of  Selectmen,  Reading,  Mass.,  contemplates  mak- 
ing improvements  and  extensions  to  the  municipal  electric- 
light  plant  at  an  estimated  cost  of  $8000.  Arthur  G.  Sias  is 
Mgr.  and  Supt.   of  the  plant. 

Bids  are  being  received  by  Greenwood  &  Noer,  Consult. 
Engrs.,  Hartford,  Conn.,  for  the  construction  of  a  power 
house  at  Georgetown,  Conn.,  for  the  Gilbert  &  Bennett  Mfg. 
Co. 

SOrTHERH    STATES 

The  "construction  of  an  electric-light  plant  to  cost  $100,000 
is  contemplated  bv  the  Beckley  Utilities  Co.,  Beckley,  W.  Va. 
James    Imboden,    Charleston,    is    Consult.    Engr. 

Bonds  for  $40,000  have  been  voted  by  the  citizens  of  Quit- 
man, Ga.,  the  proceeds  of  which  will  be  used  for  the  enlarge- 
ment of  the  electric-light  plant.  N.-w  equipment  will  be 
Durchat--ed.      J.    M.    Curtright    is    Siipt. 
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ire  Oftteinip  Fire  ILitflhit 


By  R.  T.  Sxkohm 


TF  your  boss  begins  complaining 
•*■  That  his  power  bill  is  draining 
Ever>'  cent  he  has  remaining 

In  a  fashion  expedite, 
Take  the  hint  that  he's  conveying 
And  remember  that  he's  paying 
You  for  working,  not  for  playing— 

Fire  often,  fire  light. 


TF  the  chimney  belches  gases 

That  deposit  sooty  masses 
On  the  pretty  girl  that  passes 

In  her  dainty  dress  of  white. 
Don't  assume  a  manner  humble 
And  attempt  to  smirk  and  mumble 
Your  excuses.     Take  a  tumble — 

Fire  often,  fire  light. 


"TAON'T  get  hot  beneath  the  collar 
■'-^  If  the  boss  puts  up  the  holler 
That  you  lose  from  every  dollar 

Half  its  purchase  power,  quite. 
Common  Sense,  the  great  physician, 
Will  prescribe  for  your  condition 
Just  this  simple  admonition — 

Fire  often,  fire  light. 


OUIT  your  dozing  and  your  dreaming; 
While  you  fire,  get  to  scheming 
How  to  raise  the  rate  of  steaming 

To  an  economic  height. 
For  the  boss  will  be  your  debtor 
If  you  follf)w  to  the  letter 
This    advice — ^there's    nothing    better — 
Fire  often,  fire  light. 
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SVXOrSIS — Conxlnufioii  of  this  plant  iras  hefiiui  in 
J91U,  and  was  in  progress  intermiftenUy  until  tlie  fall 
of  1913.  The  demand  for  electrical  energy  was  so  rapid 
thai  the  installation  of  additional  equipment  kept  the 
plant  in  an  unfinished  state  during  practically  all  of  that 
time,  thus  rendering  its  operation  someivhat  diffirnll. 
Xotirithstanding  these  drawbacks,  however,  the  operating 
record  of  the  plant  is  e.rcellent.  There  are  three  turbo- 
generators, of  2500-,  (>2-')0-.  TSOO-kv.a.  capacity.  Steam 
is  supplied  by  12  water-tube  boilers,  a  total  of  GOJ48  h,). 
Water  for  condensing  purposes  is  taken  from  an  irriga- 
tion canal,  75  ft.  west  of  the  plant.  The  auxiliaries,  in- 
cluding crciters,  air  and  circulating  pumps,  boiler  feed 
and  general-service  pumps,  are  on  the  grotmd  floor.  The 
electrical  equipment  is  on  the  three  floors  of  the  lean-to 
on  the  west  side  of  the  turbine  room. 

The  growth  of  the  San  Joaquin  Light  &  Power  Cor- 
])oration  lias  heen  rajjid.  In  1909,  the  total  generating 
capacity  was  approximately  4500  kv.a.,  then  grew  to  40,- 


00(1  kv.a.  in  191".  at  which  time  there  was  an  additional 
COOO  kv.a.  capacity  on  order  or  being  installed. 

In  1910  the  property  of  the  Power  Transit  &  Light  Co., 
(if  Bakersfield,  Calif.,  was  acquired.  This  gave  an  addi- 
tional source  of  electrical  supply  in  a  hydro-electric 
phmt  on  the  Kern  Biver,  consisting  of  three  450-kv.a. 
horizontal  units  which  had  been  installed  some  15  j-ears 
liefore,  and  which  were  wholly  inadequate  for  the  de- 
mauds  required.  Although  the  acquisition  of  this  plant 
made  a  vahmble  addition  to  the  generating  capacity  of  the 
system,  it  was  realized  that  it  was  not  capable  of  meet- 
ing the  overloaded  conditions  locally,  nor  was  it  of  mate- 
rial assistance  for  peak  conditions  over  the  entire  south- 
ern part  of  the  system.  Therefore,  it  was  decided  that 
tlie  remedy  lay  in  building  a  plant  which  would  ulti- 
mately become  the  principal  reserve  steam  plant  of  the 
southern  part  of  the  system.  With  this  in  mind,  Bakers- 
liekl,  Calif.,  was  selected.  The  site  fixed  upon  was  ad- 
jacent to  an  irrigation  canal  of  the  Kern  Island  Canal 
Co..  this  being  the  only  reliable  source  of  water  supply 


Fig.  1.  Gexeeal  \iy.\\  or  the  Tukbine  Boom  fi;om  the  Galllli 
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Fig.  2. 


Erecting  the  Tempokary  Generating  Unit 
AND  Boilers 


having  sufficient  water  for  eondeusing  purposes.  Tliu 
power  plant  is  built  on  a  15-acre  plot  east  of  this  canal 
and  about  2000  ft.  north  of  the  main  San  Joaquin  Val- 
ley branch  of  the  Southern  Pacific  Ry. 


Fig. 


Extending  the  Plant  While  Erecting 
Additional  Units 


As  originally  designed,  the  plant  was  to  contain  two 
2o00-kv.a.  turbo-generators;  the  first  to  be  placed  at  once 
and  the  other  later.  Before  the  first  unit  could  be  pro- 
cured, however,  it  becaine  necessary,  because  of  the  urgent 
demand  for  energy,  to  secure  a  temporary  generator;  a 
"(■"iO-kw:!.    \crtic-al   unit  was    the  largest  available;   four 


30f:-hp.  boilers  were  also  secured.  With  this  equipment 
as  a  nucleus,  a  temporary  plant  was  constructed  and  put 
in  operation  49  days  after  this  equipment  reached  the 
grounds  and  some  time  before  even  the  steel  for  the 
main  building  had  been  delivered.  Fig.  3  shows  the  ap- 
paratus being  installed,  no  evidence  of  a  building  being 
seen.  When  tiie  temporary  plant  was  first  started,  the  boil- 
ers were  widiout  sliellcr  and  the  turbine,  the  switchboard 
mill  the  exi-iter  wci-e  inclosed  in  a  temporary  shed  for 
|ir(jte(;tion  while  the  permanent  building  was  being 
erected. 

Tlie  power-plant  building  is  of  fireproof  construction, 
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Boiler   Eoom   Containing   13   Water-Tube 
Boilers 


with  self-supporting  steel  frame  and  concrete  walls,  parti- 
tions and  roofs,  reinforced  with  Hy-rib  steel.  All  the 
Hooi-s  are  of  concrete;  those  in  the  galleries  being  rein- 
I'orced  with  wire  mesh.  The  turbine  room  is  approxi- 
mately 40  ft.  wide  by  145  ft.  long.  Adjacent  to  this  on 
the  west  is  the  electrical  lean-to,  a  structure  30  ft.  wide 
:ind  115  ft.  long;  the  boiler  room  is  81  ft.  8  in.  wide  by 
I'io  ft.  long.  The  lean-to  is  arranged  in  three  levels.  The 
ground  floor  houses  the  transformers,  generator  and  low- 
tension  transformer  switches,  motor-generator  sets,  2300- 
volt  altenating-current  busbars,  oil  switches  for  local 
service  and  switchboard  for  control  of  the  auxiliaries. 
The  first  gallery  or  operating  floor  level  carries  the  main 
switchboard,  10,000-volt  alternating-current  busbars  and 
oil  switches.  From  this  gallery  platforms  attached  to  the 
operating  platforms  around  the  generating  units  connect 
on  the  oast  side  witli   the  platform  around  the  heaters. 
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thus  all  unit*  on  this  level  are  accessible  from  any  ])art 
of  the  power  hoiise.  The  third  floor  contains  the  60.000- 
volt  alternating-current  busbars  and  oil  switclics.  The 
outgoing  and  incoming  feeders  go  through  the  west  side 
of  the  lean-to. 

TrRBO-GKXERATOItS 

Owing  to  the  rajnd  growth  of  the  company's  business, 
the  original  plan  of  installing  two  2500-kv.a.  units  was 
abandoned,  and  in  place  of  the  second  2500-kv.a.  machine 
a  r)-2.50-kv.a.  unit  was  selected.  The  third  nnit  is  of  TSl)t)- 
kv.a.  capacity.    Tiie  lirst  temi>orary  unit  was  put  in  o|>er- 


interval  between  tlie  dates  on  wliicli  these  two  machines 
were  purchased. 

To  hou.se  the  third  unit,  it  was  necessary  to  extend 
tiie  turbine  room  and  electrical  lean-to  south  about  60  ft., 
and  the  boiler-room  about  40  ft.  to  the  full  width  and 
lieight  of  the  original  structure,  Fig.  3.  The  plant  now 
has  a  capacity  of  16, .5.30  kv.a.  in  three  units.  The  gen- 
eral view  of  the 'operating  floor  of  the  turbine  room  as 
seen  from  the  soutii  end  of  the  10,000-volt  gallery  is 
shown  in  Fig.  1.  Fig.  7  is  a  \aew  of  the  electrical  lean- 
to  looking  west  from  a  position  between  Nos.  1  and  v! 
turl)ines.     In  the  foreground  to  the  left,  adjacent  to  the 


Fig.  7.  View  of  the  Galleries  and  Exciter  Units 


at  ion  early  in  1!)11  ;  the  second  in  Xovember  of  the  same 
year,  and  the  third  unit  late  in  1I)1;J. 

Although  the  capacity  of  the  second  unit  is  more  tlian 
twice  tliat  of  the  one  contemplated  when  the  plant  was 
designed,  it  was  not  necessary  to  make  any  changes  in 
the  turbine  room  to  accommodate  this  larger  unit ;  in  fact, 
the  only  deviation  from  the  original  plan  was  in  building 
a  20x20-ft.  addition  to  the  electrical  lean-to  to  house  the 
transformers,  and  when  the  third  unit  was  installed  it 
was  possible  to  make  the  turbine  room  symmetrical. 
Altiiough  the  capacity  of  the  third  unit  is  1550  kv.a. 
greater  than  that  of  the  second,  it  occupies  practically  the 
same  amount  of  floor  space,  due  to  the  modification  in 
design   of   the  turbo-generators   during  <3veu   the   short. 


foundation  of  Xo.  2  generator,  is  the  75-kw.  turbo-driven. 
125-volt  exciter  unit.  Between  the  two  motor-genera  to  i- 
sets  is  a  100-kw.  exciter  driven  by  an  induction  motor. 
These  units  also  supply  energy  for  operating  a  35-ton 
electric  traveling  crane,  a  portable  motor-driven  air  com- 
pressor and  for  emergency  lighting. 

CONDENSEIiS 

A  .separate  condensing  outfit  is  furnished  for  each  main 
turbine.  That  for  the  2500-kv.a.  unit  contains  6000  sq.ft. 
of  cooling  surface  in  ^-in.  brass  tubes,  or  2.4  sq.ft.  of  sur- 
face per  kv.a.  Each  of  the  other  two  condensers  has  15,- 
000  sq.ft.  of  cooling  .surface,  the  tubes  in  Xo.  2  condenser 
being  %  in.  and  in  Xo.  3  condenser  1  in.    In  the  Xo.  .3 
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(■(URleiiscr  the  uumbor  of  square  feet  of  cuolinj;'  suiTiiee  is 
the  same  as  iu  No.  1.  No.  3  unit  contains  1.9  sq.ft.  of 
surface  per  kv.a.  capacity. 

Tliere  are  three  condenser  circulating  pumps,  two  of 
tlio  single-stage  centrifugal  type,  driven  by  horizontal 
( ompound,  uoncondensing  engines,  having  9  and  IT  by  13- 
in.  cylinders.  The  last  circulating  pump  installed  is  of 
llie  multi-rotor  centrifugal  type,  driven  Ity  a  directly 
connected  noncondensing  steam  turlnne. 

Each  of  the  engine-driven  units  has  a  capacity  of  10,- 
000  gal.  per  minute;  and  the  turbo-driven  unit  13,000 
gal.  The  capacities  of  these  pumps  are  such  that  either  of 
the  engine-driven  units  will  furnish  sufficient  water  for 
the  two  smaller  turbines,  and  one  of  tIii'-(\  in  iini junction 


condensate  from  Xo.  1  condenser.  On  unit  Xo.  2  there 
are  two  3-in.  centrifugal  pumps,  one  turbine  and  one 
motor  driven.  One  4-in.  turbine-driven  circulating  pump 
is  iised  in  conjunction  with  Xo.  3  condenser.  Air. is 
removed  from  Xo.  1  condenser  by  a  .10  and  18  by  LS-iu. 
tandem  center-crank  rotative  dry-vacuum  ])iiinp.  Ivuh 
of  the  other  two  condensers  is  equipijed  witli  a  13  and 
30  by  18-in.  air  pump  of  the  same  type. 

Condensing  water  is  taken  from  the  irrigation  canal, 
which  is  al)out  75  ft.  west  of  the  plant,  and  after  passing 
through  tlie  condensers  is  returned  to  the  ditch  at  a  point 
south  of  the  plant  and  sufficiently  far  from  the  intake 
to  prevent  healing  tlie  supply  Avater.  The  intake  from  the 
canal  has  duplicate  screen  chambers,  the  area  of  which  is 


Fui.  8.  TuKiii.NE-DiavEN  Boiliou-Feku  Pumps  and  Seuvice  Pumps 


with  the  turliine-driven  pnnii),  will  furnish  water  for  all 
three  turl)ines.  The  pii)ing  from  tlie  ])ump8  to  tlie  con- 
densers is  designed  for  operating  the  station  in  this 
manner.  Fig.  4  shows  the  arrangement  of  the  condenser 
lor  the  2.")00-kv.a.  turbine,  the  rotative  dry-vacuum  ]>iunp 
being  in  the  foreground  and  the  engine-driven  ciicnlaling 
]inm])s  at  the  rear.  The  7.">-kw.  turbo-excifcr  set  is  to 
I  be  right  of  the  air  pump.  The  sfeel-plale  ilnet  supplies 
air  for  the  G2.")0  kv.a.  generator. 

The  tri-rotor  turbine-driven  centrifugal  pump  for  the 
7800  kv.a.  turbine  and  a  portion  of  the  condenser  for 
this  unit  is  shown  in  Fig.  (i.  The  duct  in  the  upper 
left  foreground  supplies  air  for  the  No.  3  unit.  A  (>  and 
714  by  6  in.  direct-acting  piston  pump   removes  the 


niiicb  in  excess  of  tlie  two  26-in.  east-iron  jiiiie  lines  which 
connect  with  the  suction  of  the  cii-cula(ing  jiuinps. 

Boilers 

The  steam  generators  consist  of  12  watcr-tul)e  boilers 
designed  for  200  lb.  working  pressure.  Fig.  5;  four  are 
rated  at  304  hp.  each,  and  the  remaining  eight  are  of 
(j04  hp.  capacity  each.  The  latter  are  e(|ui|iped  with 
'*U"-tyi)e  superheaters,  which  su])crheat  the  steam  from 
100  to  i'i~)  deg.    All  of  the  boiler  furnaces  burn  crude  oil. 

Oil  is  delivered  to  the  iilant  on  a  s])ur  of  the  Southern 
Pacific  Ry.,  and  is  stored  in  a  2.")00-bbl.  capacity  steel  tank 
placed  conveniently  for  receiving  oil  by  gravity  from  the 
cars.    The  tank  is  buried  to  williiu  1  ft.  of  its  lop  and  is 
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])roto(tcil  by  a  roof.  Provision  is  made  for  heating  the 
oil  in  colli  woatlu'r  and  also  for  fire  suiJjoression.  The  od 
is  heated  and  delivered  to  the  burners  by  two  fxiel-oil 
sets,  each  consisting  of  two  514  and  4%  hy  .5  in.  fuel-dil 
)imnps;  one  vortical  cxhaust-.'^teani  oil  heater  and  one 
vertiial  mnlti-coil,  liigh-pressnre  oil  heater.  These  heat- 
ers maintain  tlie  temperature  oF  the  oil  fed  to  the  burners 
at  approximately  ISO  deg.  under  the  most  se\ere  operat- 
ing conditions. 

Boiler-Feed  Surri.v 
Water  for  the  boilers  is  obtained  from  two  00-ft.  deep 
wells  by  vertical  centrifugal  pumps  directly  connected  to 
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Fig.  11.  Busbars  and  Oil  Switches 

induction  motors,  and  is  piimped  to  a  2500-gal.  steel 
lank  supported  on  the  roof  members  of  the  boiler  house. 
From  this  tank  tlie  water  flows  by  gravit.y  to  the  piping 
systems.  Makeup  water  for  the  two  400f)-hp.  open  feed- 
water  heaters  is  obtained  from  this  tank.    These  heaters 


Fig.  12.     10,000-Volt  Busses  and  Oil  Switches 

raise  the  A\ater  to  a  temperature  of  approximately  20il 
(leg.,  A\-hieli  then  flows  by  gravity  to  two  turbine-driven 
multi-stage  boiler-feed  pumps,  each  of  GOO  gal.  per  min. 
capacity,  against  a  discharge  bead  of  2.")0  lb.  per  sq.in. 
'J'lie  turbines  on  these  units  are  each  of  lo7  hp.,  and 


Fig.  13.    The  60,000-Yolt  Busses  and  Oil  Switches 
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exhaust  into  tlie  open  heater.*.  In  addition,  tliere  are  also 
two  9  and  5  by  10-in.  plimger-tj'pe  pressure  pumps  for 
filling  and  cleaning  boilers  and  for  miscellaneous  pur- 
poses. 

In  Fig.  8  can  be  seen  the  turbine-driven  boiler  feed 
and  the  general  service  pumps.  Fig.  3  shows  the  two 
I'oed-water  heaters  on  the  turbine-operating  floor  level. 

PiPIXG 

The  niaia  steam  piping  is  designed  for  200  lb.  working 


pressure  and  100  deg.  superheat.  The  6-in.  pipes  from 
each  boiler  connect  to  a  main  10-iu.  header  from  which 
a  10-in.  branch  line  goes  to  each  of  the  two  larger  tur- 
bines and  an  S-iu.  line  to  the  small  one.  All  joints  are  of 
the  van-stone  t\'pe  with  steel  flanges,  and  all  the  fittings 
and  valves  are  of  steel.  Each  boiler  is  protected  by  an 
automatic  nonreturn  stop  and  check  valve,  and  the  lead 
to  each  turbii:e  has  an  emergency  remote-control  valve 
permitting  any  one  of  the  units  being  shut  off  from  a  dis- 
tance in  case  of  an  accident  to  the  turbine  or  to  the  steam 
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PRINCIPAL  EQUIPMENT  OF  THE  BAKEUSFIELD  STEAM-TUUBINE  POWER  PLANT 
No.    Equipment                 Kind                        Size  Use  Operating  Conditions 

1  Turbo-gen Curtis  horizontal. .   2500  k v. a Main  generating  unit.. 


Maker 


Tiirbo-gen .\lIis-Par9oii9 78C0  kv.a Main  gcncrBting  unit. 

Turbo-gen.. 


190  lb.  Btcam,   100  des.   superheat,  28"  vac., 

1800  r.p.m General  Eleetnc  Co. 

Turbo-gen Allis-Parsona 6250  kv.a Main  generating  unit 190  lb.  steam,  100  dcg.  superheat,  28"  vae., 

1800  r.p.m Allis-Cbalmers  Co. 

190  lb.   steam,   100  deg.  superheat,  28"  vac, 

1800  r.p.m .^Uis-Chalmers  Co. 

Curtis,  single-stage.  75  knr Exciter     and     emergency  ,-.  i  t-i     .  •    i-^ 

'  station  lightin? 190  lb.  steam,  125  volt General  Eleetnc  Co, 

\lotoi-gen Induction,  direct  Exciter     and     emergency 

current 100  kw station  lighting Three-phase.  60  cycle. 

_    Kngines Ueeiprocating 9x17x12 Driving  circulating  pumps  Non-condcnsing 

-  •'""•?» "^slage"*!"!'.  ."i'!'!'.'T  '"S..*"':.'^''  ^i""."'.".'!"*  ."."'"''.■: ;:::::    '!'!!'"«"  !!"n'P  *  condenser  Co, 

1   Turbine Single-stage Driving  circulating  pump  Non-condensing 

1   Pump..!.!!!!.   Centrifugal,      mul-  15,000  gab  per  Circulating   pump 


General  Electric  Co. 
Harriaburg  Foundry  &  Mch.  Co. 


AJberger  i*ump  &  Condenser  Co, 
AllK'rger  Pump  &  Condenser  Ca 


Boilers Stirling    U 

hcatera 
2  Heaters 
2  Turbine 
2  Pumps. 
2  Punip.4. 
2  Pump 


super- 


Steam  generators 2001b.  pressure,  two  I. urn  oil,  (wo  hum  natural 

gn,.  ' Babcock  &  W  ilcox 

....   Babe 


k  A-  Wilcox 

.  Harri.»on  Safetv  Boiler  Works 

.  Alberger  Pump  &  Condenser  Co. 

,  Alberger  Pump  fc  C'ondensor  Co. 

.  Henry  K.  Worlhinglon 

Strain  driven!! ! ! . ! ! ! P'ntt  Iron  Works 

Steam  driven  .  Alberger  Pump  *  Condenser  Co. 

Steam  driven Alberger  Pump  cS:  Condenser  Co. 


60.4  hp Steam  generators 200  lb.  pressure,  burning  crude  od.  . 

Open 40(KI  hp Heating  boiler  feed  water  Exhaust  steam  from  auxiliaries 

Single-stage 137  hp Driving  boiler  feeil  pumps  2(M)  lb.  steam  pressure 

Multi-stage  cen 600  gal.  cap. .  .    Boiler  teed  pumps Turbine  driven 

Plunger 9x.')XlO-in Miscellaneous Steam  driven. 

Plunger 5lx4ix.'i-in Pumping  fuel  oil 

1  Pumps Itotating 10xl8xlS-in.  . 

2  Pumps Uotating 12x30ilH 

1  Conueuser Surface 6000 sci.ft.  sur-  ,,,  ^  e  <-,     j  r. 

face. No.  1  turbine 28-29-in.  vacuum  Alberger  Pump  &  Condenser  Co. 

2  Condensers. Surface 15,000  sq.ft.       Nos.  2  and  3  turbines _      ,„.„--■, 

iurfarc 2H-29-in.  vacuum Alberger  Pump  &  Condenser  Co 

8  Valves Non-return 6-in Steam  pipes  from  boilers. .   Automatic..... §°!!"II'"r  i>"SI!l!^5  Pn' 

3  Valves Emergency 1  8-in.  2  10-in.  Steam  lines  to  turbines. .    licmoto  control Schulle  *  Koerling  Co. 

Valves .Several Various Miscellaneous ■ X™""  rV^i     . 

4  TranKformers.;.   Water  cooled 833  kv.a Transforming  for  line 2300-11.000,  40,000-60,000  Y  voll« feS!: 'it;!! 

4  Transformers...  Wnte- 
1  Motor-generator  Direct 
1  Motor-generator  DLrect 


er  cioiid  ! ! ! ! !  833  kv.a.V! ! ! !  Transforming  for  line 2300-11,000,  40,000-60,000  Y  volt« Opneral  Electric  Co. 

e-eooled  2in0kv.n Transforming  for  lino 2.300^0,000,  60,000  Y  volts Allis-Chalmers  Co. 

et  current.'.!..  300  kw Railway  work r""*"™   vKl!';!  pl^" 

ct  current 225  kw Railway  work •  General  Eleclnc  Co. 
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line  supplying  it.  Expausion  is  taken  care  of  by  means  of 
90-deg.  bends  in  the  leads  from  each  boiler  and  by  two 
TJ-bends  in  the  main  header.  All  steam  and  exhaust  lines, 
feed- water  heaters,  traps,  etc.,  are  insulated  with  85  per 
cent,  magnesia  covering,  the  thickness  varying  with  the 
-ervice  required. 

ELECTIilC.VL  EQUIPJIEXT 

The  electrical-control  equipment  and  busses  are  directly 
to  the  west  of  the  turbine  room.  There  are  four  833-kv.a. 
water-cooled  transformers,  and  in  Fig.  10  are  shown  the 
water  piping  and  electrical  connections  for  four  2100- 
kv.a.  transformers.  There  are  also  on  this  level  a  225-kw. 
and  a  300-kw.  motor-generator  set,  as  well  as  the  2300- 
volt  busbars  and  oil  switches  and  switchboard  for  the 
control  of  the  auxiliaries.  Fig.  11. 

The  main  switchboard,  on  the  turbine-operating  floor 
level,  is  shomi  in  Fig.  7.  Here  are  also  the  10,000-volt 
busses  and  oil  switches.  Fig.  12.  Both  the  10,000-  and 
G0,000-vo]t  busses  are  of  copper  tubing;  the  2300-volt 
luisses  are  of  copper  bar.  There  are  electrolytic  lightning 
arresters  for  each  of  the  three  operating  voltages  con- 
nected to  extensions  of  the  several  busses.  The  60,000- 
volt  bus  and  oil  switches  are  on  the  third  floor,  Fig.  13. 
Transmission  Lines 

The  Bakersfield  station  was  designed  to  eventually  serve 
as  the  main  steam  reserve  to  the  enlarged  transmission 
system,  and  operate  in  parallel  with  it  at  60,000  volts  as 
well  as  supplement  the  output  of  the  Kern  Canon  plant; 
also  to  operate  in  parallel  with  it  and  the  original  trans- 


mission line  at  11,000  volts.  Furthermore,  under  certain 
conditions  it  was  to  operate  as  a  rotary  condenser  station 
to  correct  tlie  power  factor  of  the  transmission  system 
as  well  as  to  serve  as  a  substation  su])plying  local  service 
at  2300  volts,  series  alternating  municipal  lighting,  and 
direct  current  at  600  volts  for  traction  and  motor  service, 
all  of  which  made  the  electrical  layout  of  tlie  plant  un- 
usually complicated. 

To  avoid  duplication  of  equipment  and  at  the  same 
time  to  provide  for  the  several  voltages  with  which  it  was 
necessary  to  parallel  and  to  supply  the  design,  the  first 
complement  of  transformers  was  a  departure  from  stand- 
ard practice.  Each  transformer,  of  833-kv.a.  capacity, 
has  the  usual  primary  coils  for  60,000  volts  and  two 
secondary  windings,  one  for  2300  and  one  for  11,000 
volts,  designed  to  deliver  the  full  rated ' capacity  of  the 
transformers  at  their  respective  voltages.  The  seven 
3 100-kv.a.  water-cooled  transformers  are  wound  for  23,- 
000,  40,000  and  60,000  volts. 

Electric  current  is  furnished  to  Bakersfield  from  hydro- 
electric phints  in  the  central  part  of  the  San  Joaquin  val- 
ley, about  100  miles  north  of  Bakersfield,  and  from  the 
Kern  Canon  plant,  abgut  20  miles  east  of  Bakersfield. 

Around  the  time  that  the  first  unit  was  started,  the 
west  side  line  of  this  transmission  system  had  been  com- 
pleted. It  has  since  been  supplemented  by  a  similarly 
constructed  line  on  the  east  side  and  the  steam  plant  ai 
Bakersfield  now  stands  at  the  south  end  of  this  loop.  A 
wiring  diagram  of  the  plant,  showing  the  method  and 
plan  of  connection,  is  .«howu  iu  Fig.  14. 


The  cross-drum,  water-tube  boiler,  shown  in  Figs.  1, 
2  and  3,  embodies  novel  features  worthy  of  noting.  The 
furnace,  which  may  be  any  height,  is  roofed  over  by 
water  tubes,  incased  in  refractorj'  tile,  thus  forming  prac- 
tically a  smokeless  furnace  for  long-flame  coal.  The  main 
bank  "of  tubes  is  covered  from  end  to  end  on  the  top  row, 
and  vertical  side  baffles  are  prodded  and  perforated,  the 
products  of  combustion  finding  outlet  through  the  perfor- 
ations. 

A  supplementary  combustion  chamber  above  the  bot- 
tom row  of  tubes  is  created  by  omitting  a  number  of 
tubes  in  the  vertical  rows.  The  products  of  combustion 
in  entering  this  chamber  are  compelled  to  mix  and  blend, 
thus  aiding  in  securing  complete  combustion  prior  to  the 
gases  coming  in  contact  with  the  relatively  colder  boiler 
iieating  surface.  The  gases  on  entering  this  chamber  are 
completely  surrounded  (top,  sides  and  ends)  by  the  heat- 
absorbing  surfaces  of  the  boiler.  The  gases  then  flow 
laterally  toward  the  vertical  baffles  on  the  sides,  and  from 
thence  flow  upward  into  the  upper  chamber  from  which 
they  pass  to  the  chimney.  The  aim  of  the  designer  has 
l)een  to  eliminate  brickwork  outside  the  furnace  ]3roper, 
thus  reducing  the  first  cost,  cost  of  upkeep,  as  well  as 
the  usual  heat  losses  chargeable  to  radiation  and  in- 
filtration of  air. 

Above  the  lower  row  of  tubes  the  brickwork  does  not 
extend,  as  steel  casing  is  used  on  sides  and  top.  Inas- 
much as  the  temperatures  of  the  gases  are  quite  low  at 
such  points,  the  cost  of  insulation  for  the  steel  easing 


is  low  and  heat  losses  may  be  easily  avoided.  It  will  bo 
noted  that  as  the  flow  of  the  gases  in  the  main  bank 
of  tubes  is  laterally,  the  gases  are  distributed  more  equally 
to  the  tubes,  thus  avoiding  localizing  the  high  tempera- 
ture gases  on  the  ends  of  the  tubes. 

By  using  3  or  3J-in.  tubes  the  gas  passages  lietween 
tlie  "tubes  may  be  reduced  to  2  in.,  which  saves  in  floor 
space  and  increases  the  efficiency,  and  still  it  is  possible 
to  have  low  temperatures  at  the  side  iiaffles.  There  can 
be  no  infiltration  of  cold  air  (outside  the  furnace)  to  the 
high-temperature  zone.  In  the  upper  chamber,  4-in. 
tubes  connect  the  front  header  to  the  steam  and  water 
drum  and  at  the  rear  similar  tubes  connect  the  drum 
to  the  top  of  the  rear  header. 

Another  horizontal  row  of  tubes,  which  is  out  of  the 
path  of  the  gases,  connects  the  front  header  to  the  rear 
one,  and  inasmuch  as  this  row  of  tubes  is  -'neutral''  as 
respects  absorliing  heat,  a  return  flow  of  water  from  the 
front  to  rear  header  will  take  place  in  these  tubes,  thus 
relieving  the  upper  row,  and  the  drum  from  duty  to 
a  large  extent. 

The  headers  or  water-legs  may  bo  of  the  usual  stay- 
liolted  design,  or  of  the  separate  design  to  embrace  one 
or  two  vertical  rows  of  tubes.  As  the  temperatures  in  the 
upper  chamber  are  very  low  the  cross  drum  is  not  ex- 
posed to  high  heat  and  there  its  life  is  prolonged. 

The  soot  is  easily  reached  either  through  the  side  doors 
or  by  passages  provided  iu  the  headers.  The  main  bank 
of  tubes  is  readily  accessible  for  repairs  or  inspection 
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tlii-dugh  till'  siqijilenu'iitary  coiiilmstiou  chamber,  and 
i'rom  the  sides  and  top  by  removal  of  the  tile  or  baffle. 
The  side  baffles  are  suspended  from  the  top  tulse  in  the 
outside  row,  and  are  readily  removed  for  inspection.  Snp- 
"■rheaters  may  be  easily  installed  liy  imjviding  an  opening 


required,  and,  of  course,  its  head  room  is  no  greater  than 
with  other  types. 

Fig.  3  show.s  a  modification  of  the  design  for  small 
units  in  which  the  tile  on  one  side  is  protected  by  ver- 
tical water  tubes.     The  "ilcudile-pass"  design  is  for  larger 
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Fig.    1.     Transverse    section. 
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Fig.   2.      Liongritudinal    section. 

Type  of  the  New  Wateu-Tuhe  Roii.ek 


OOOOOOOOOO^ 


OOO 


000000000 

o  ooooo  ooo 
o  oooooooo 
ooooo  oo 
ooooo  oo 
ooooo  oo 
ooooo  oo 
ooooo  oo 
ooooo  oo 
ooooo  oo 
ooooooo 


OOO-     ^ 

o'o'odo'b'oTxjJ 
oooooooo. 
oooooooo;  1 
oooooooct/ 
oooooooot 
ooooooo  oj. 
ooooo  oocf 
oooooooct 
ooooo  oocf 
oooooooct 
ooooooo d 
6  g6"6^6'6:5l  ' 


Section  B-B 


Fio.  -i.     'I'li.vxsvERSE  Section  oi'  'iiie  Sl^•(^^E-PA^ss 

BOII.KI! 

Ill  the  rear  iieader  through  wliich  1h(^  pipi'iK  '""  '"'  ''<''i<1- 
ilv   inserted. 

This  (h'sign,  wiiile  appropriate  for  any  service,  is  .spe- 
(  iaily  ndnplcd  for  city  use,  owing  lo  tlie  small  floor  s])ac<? 


iiuits,  sucii  as  arc  now  required  for  larger  plants.  The 
designer  and  jiatcntce  of  the  boiler  is  T.  T.  Parker,  of 
New  York  Oitv. 


©tr 

Sometiiing  new  in  stokers.  Fig.  I,  is  lieing  put  out 
by  the  Keystone  Stoker  Co.,  of  141  Milk  St.,  Boston, 
Mass.  As  may  be  seen  from  the  illustrations,  it  is  of 
the  chain-grate  type,  but  differs  radically  from  others,  in 
that  the  grate  is  madc^  up  of  disks  mounted  on  bars  like 
rings  on  a  cane  The  whole  chain  is  made  up  of  these 
disks  whicii  move  along  toward  the  bridge-wall,  rotat- 
ing on  their  a.\es  as  they  rarry  the  fuel  along.  This 
feature  is  really  the  most  iinpoilaiil  diie  in  the  design  of 
the  stoker.  By  reason  of  the  rcMilviiig  disks,  a  clinker 
that  may  form  does  not  haw  an  ()]i|iortunity  to  stick  to 
the  disks  and  tends  to  become  broken  so  that  there  is  no 
serious  ])lugging  of  the  air  spaces.  Further,  it  will  he 
seen  that  there  is  not  one  surface  only  on  the  fire  side 
of  the  grate  all  the  time,  as  with  other  chain  grate 
stokers.  As  the  disks  revolve  they  get  away  from  the  fire 
or  fuel-bed  side  and  come  in  contact  with  the  air-pressure 
side  for  their  entire  surface  many  times  during  their 
travel  from  the  rronf  t.i  the  bridge  wall. 

As  the  fuel  bcil  is  in  more  or  less  of  a  free  state,  it  is 
not  necessary  to  use  \ci-y  high  draft  |iri's<iirc.  The 
air  velocity  through  the  fuel  lied  should  be  (piitc  uniform 
on  this  account,  and  therefore  tends  to  burn  the  fuel 
evenly,  preventing  the  formation  of  holes  through  which 
air  mav   riisli   and    not    beeduie   mingled    with    the  gases, 
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the  bridge  wall  to  protect  the  masonry  iiiiil  prevent 
it  from  getting  so  hot  as  to  melt  away.  TIr'^o  water 
boxes  are  not  connected  in  any  way  with  the  boiler  and 
cannot  become  a  source  of  danger,  as  they  may  be  simply 
])iped  to  receive  a  small  stream  of  water  which  can  us- 
\mlly  be  utilized  for  steam  or  drained  to  the  hotwell. 
i-'oi'  lakinL:'  cnrc  of  the  ashes,  a  sheet-imn  apron  is  pro- 


Fi( 


i;K:^i(>vi.\u  A  Section  of  Disks  While  Stoked 

Is    MOMEXTAKILY    STOPPED 


Fi(,.  1.     The  Keystone  Stokei: 


vided  which  extends  across  the  width  of  the  chain  and 
as  far  liack  as  any  sittings  would  be  likely  to  fall  through. 
The  action  of  the  returning  roller  grates  on  this  apron 
carries  these  sittings  forward  and  deposits  them  on  a 
front  plate  convenient  for  reclaiming:  the  ashes  falling 
into  the  pit  beyond  this  a])ron  are  seen  to  lie  kept  sep- 
arate. 

As  to  the  power  required  to  operate  this  stoker,  it  is 
said  that  with  a  20-in.  crank  attached  to  the  gear  shaft, 
one  may  easily  revolve  the  stoker  when  carrying  a  tire. 
The  chain  glides  on  rollers  and  the  driving  sprocket  is 
encased  in  oil.  The  stoker  may  easily  be  lowered  or 
raised   at   the   bridye   wall    to   suit   combustion  while   in 


thereby  considerably  increa.s- 
ing  the  free  oxygen  in  the 
flue  gases  and  also  reducing 
the  CO,. 

The  number  of  revolutions 
that  the  bar  carrying  the 
disk  will  make  in  its  travel 
through  the  fire  is  adjustable. 

Another  advantage  of  the 
stoker  is  the  ease  with  which 
a  new  bar  of  disks  may  be 
inserted  during  the  regular 
operation  of  the  stoker.  This 
is  shown  in  Fig.  2,  in  which 
the  operator  has  the  stoker 
momentarily  shut  down, 
v\hile  with  a  pinch  bar,  he 
takes  out  a  section  of  disks 
to  be  replaced  by  another 
section  kept  on  hand  for 
such  purposes. 

As  will  be  seen  from  Fig. 
3,   a    water   box    is    used    in 


Adjusiipole  Feea 
6a^ 


Siftings 


(Adjuifmerrf-  for  varying  the 
apace  beiyteen  -hop  ofgrafe 
and  wafer  box  according  fo 
amount  of  ash  and  refuse 
in  the  fuel 


Fig.  3.     SEfTiox  of  FrnxAfE  Having  Keystone  Stokei; 
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operation  Ijy  an  eccentric  and  a  worm  s^haft  reached  from 
the  side  of  the  furnace.  The  amonnt  of  fuel  sent  to 
the  furnace  may  be  regulated  by  a  slide  gate,  and  the 
speed  of  the  grate  may  also  be  regulated  from  the  outside. 


As  will  be  seen  in  Fig.  3,  the  setting  shown  has  a 
rather  long  ignition  arch  and  a  combustion  arch  to  assist 
in  burning  the  volatile.  The  stoker  is  of  very  heavy  and 
lugged  construction. 
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SYSOFSIS — Classification  of  polyphase  alternating 
motors,  together  with  the  operating  characteristics  and 
methods  of  starting  each  type. 

Alternating-current  motors  can  l)o  operated  upon  sin- 
gle-, two-  or  thrt»c-phase  circuits.  The  earlier  central  sta- 
tions generated  for  single-jihase  transmission  and  the 
few  small  motors  then  in  service  were  of  the  single-pha.se 
type.  When  the  use  of  electricity  for  power  purposes 
was  actively  promoted  it  was  found  that  the  polyphase 
motor  was  better  suited  to  most  classes  of  work,  particu- 
hirly  for  the  larger  installations,  consequently  the  poly- 
])hase  system  and  polyphase  motors  have  been  highly  de- 
veloped and  are  now  much  more  widely  used. 

Polyphase  motors,  in  which  class  may  be  included  all 
two-  or  three-phase  machines,  are  of  two  distinct  types, 
riie  induction  and  the  synchronous  motors.  Of  these  the 
former  is  the  more  common. 

The  I.xntcTioN  ^Motou 

The  induction  motor  consists  j)rimarily  of  two  parts, 
one  stationary,  the  otlier  rotating,  each  of  which  carries 
windings.  The  inside  of  the  stalor  is  slotted  and  its  wind- 
ings are  made  up  of  coils  similar  to  those  used  in  the  ar- 
mature of  a  direct-current  motor.  The  rotor  is  also 
slotted  and  carries  windings.  Both  the  rotor  and  stator 
cores  are  built  up  of  thin  iron  or  steel  puiU'hings  called 
laminations  which  are  tightly  stacked  together ;  the  gen- 
eral arrangement  of  winding  is  shown  in  Fig.  1.  The 
coils  of  the  stator  are  connected  to  form  distinct  groups  of 
poles.  In  a  two-phase  motor  there  are  two  separate  cir- 
cuits and  in  a  three-phase  motor,  three  circuits.  When 
alternating  currents  are  applied  to  the  stator  windings  a 
rotating  field  is  set  up.*  Following  the  law  of  clo.«ed  cir- 
cuits in  varying  fields  there  arc  generated  in  the>e  cir- 
cuits counter  voltages  whith  oppose  the  impressed  lino 
voltages,  duo  to  which  action  only  comparatively  small  cur- 
rents flow  through  the  low  resistance  of  the  stator  circuits 
altbongh  largo  voltages  are  impressed. 

\\'hile  Ihe  current  in  one  phase  or  circuit  passes 
through  a  coin])lete  cycle  the  magnetism  rotate^  through 
:5fiO  magnetic  degrees  or  the  space  of  a  pair  of  jioles.  This 
relation  holds  true  no  matter  how  nuiny  polar  groups 
there  may  lie  on  the  stator.  Coiisider  a  60-cyclo  current 
impressed  upon  the  windings  of  a  six-pole  motor  which 
has  windings  arranged  with  six  poles  for  oar-Ii  phase. 
For  each  cycle  the  field  will  shift  (iver  two  polar  spaces 
or  one-third  of  the  circumference.  TTence  the  total  speed 
of  rotation  will  lie  60  divided  by  three  or  20  revolutions 


per  second  or  1200  per  minute.    In  general,  the  speed  per 
minute  equals 

cycles  X  60  X  2 
number  of  poles 
Xow  consider  the  rotor  to  be  placed  in  thi  rotating 
field.  Its  conductors  are  cut  by  the  shifting  lines  of 
force  and  an  electromotive  force  is  induced  in  them.  As 
they  are  arranged  in  closed  circuits  a  current  flows 
through    them.      A    current    flowing    through    a    con- 


Phasel 


Fm.  1.     At!1!.\ngemext  of  Statok  Wining  in  Two- 

PlI.VSE    >IoT<)Ii 

(liiclor  in  a  magnetic  field  sets  up  n  torque  as  was  stated 
in  Part  If  and  this  sets  the  mtor  in  motion.  If  there  is 
no  load  upon  the  shaft  the  rotor  will  ])ick  \\\t  sjiced  until 
it  rotates  nearly  as  fast  as  the  rotating  field.  It  can 
never  quite  attain  i  speed  in  synchronism  with  the  ro- 
tating field,  for  if  it  did  no  lines  of  force  would  be  cut 
and  there  would  be  no  torque  to  overconu'  friction,  etc. 
.\s  load  is  placed  ujion  the  shaft  the  rotor  lags  or  "slips" 
behind  synchronous  speed  so  that  more  magnetic  lines 
are  cut,  more  current  is  generated  and  enough  torque 
results  to  meet  the  demands  of  the  loail. 


•For  a  description  of  this  rotatingr  field  action  spe  "Power 
'^r-t.    14.    ini3,    page    536. 
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It  is  evident  that  the  current  in  the  rutor  varies  with 
the  load,  although  it  is  eutirely  separate  from  the  primary 
circuits.  It  will  now  be  shown  how  this  demand  for 
energy  is  transmitted  to  the  supply  circuit.  The  currents 
in  the  rotor  ha\e  a  magnetizing  effect  which  opposes  the 
primary  magnetism  and  it  will  be  recalled  that  the  cur- 
vent  in  the  primary  is  controlled  by  the  counter  electro- 
motive force  induced  by  the  primary  magnetism.  As  the 
rotor  magnetizing  effect  opposes  the  primary  magnetism 


Fig. 
Ty 


2.       SPEED-TOKQUE     CUKVES     FOl!     Wor.VD-Ro  lOi; 
PE,  WITH  DiFFEliEN'T  SeCOXDAPiY  RESISTAXrF.S 


the  counter  electromotive  force  is  reduced  and  a  greater 
primary  current  is  received  from  the  s\ip]ily  i-iniiit. 

Speed  Characteristics; 

As  the  secondary  voltage  is  that  necessary  to  drive  the 
iSecondary  currents  through  the  windings,  it  follows  that 
the  voltage  required  must  depend  upon  the  re  istance  of 
these  windings.  A  larger  resistance  means  a  larger  volt- 
age for  the  required  current  and  therefore  a  larger  num- 
ber of  magnetic  lines  cut  or  a  greater  drop  in  speed.  The 
torque  being  held  constant,  any  variation  in  the  secondary 
resistance  requires  a  proportionate  variation  in  the  slip. 
If  the  slip  with  a  given  torque  is  10  per  cent.,  for  in- 
stance, it  ^vill  be  20  per  cent,  for  double  the  resistance. 
The  secondary  resistance  may  be  in  the  windings  them- 
selves, or  may  be  external  to  the  windings  but  part  of 
the  rotor  body,  or  it  may  be  entirely  separate  irom  the 
machine  and  connected  to  the  windings  by  the  proper 
leads. 

Fig.  2  show's  the  speed-torque  curves  for  a  motor  with 
different  resistances  in  the  secondary  circuit.  In  curve  .1 
the  secondary'  resistance  is  small  and  in  curve  B  it  is 
doubled.  The  maximum  torque  remains  the  same  but  the 
slip  for  any  given  torque  is  doubled.  This  motor  starts 
much  better  than  that  in  curve  .4.  In  curve  C  the  re- 
sistance is  again  doubled  and  the  slip  is  also  doubled. 
The  starting  torque  at  rest  is  increased  but  the  slip  at 
rated  torque  is  rather  large.  In  curve  I)  the  slip  is  again 
doubled.  The  torque  in  this  ease  is  high  at  starting  but 
falls  rapidly  as  the  speed  increases.  All  the  curves  have 
the  same  maximum  torque.  So  far  as  torque  is  con- 
cerned curve  D  is  the  best  for  starting.  But  for  running 
curve  A  gives  the  least  drop  in  speed.     Consequently  if  a 


resistance  is  introduced  at  starting  that  will  give  the 
speed-torque  D  it  should  be  cut  out  or  short-circuited  for 
the  running  position. 

A  current-torque  curve  plotted  on  the  same  figure  will 
help  to  show  the  relations  of  starting  to  running  cur- 
rents with  the  secondaries  of  differLiig  resistances.  Begin- 
ning at  the  point  .V  of  no  load  or  zero  torque,  the  curve 
rises  quite  uniformly  until  the  maximum  torque  is  ap- 
proached. Beyond  this  the  current  increases  as  the  motoi 
tends  to  slow  down  and  stall.  The  upper  portion  of  the 
curve  corresponds  to  the  starting  period.  Comparing  the 
different  curves  it  will  be  seen  that  A  takes  the  most  cur- 
rent at  starting  and  gives  a  low  torque;  B  takes  less  cur- 
rent and  gives  more  torque ;  C  takes  less  current  than  B 
and  D  less  than  C  and  delivers  maximum  torque  at  start- 
ing. From  these  curves  it  is  evident  that  a  high  resist- 
ance rotor  or  secondai-y  circuit  gives  the  highest  start- 
ing torque  with  the  least  current  demand.  Therefore,  for 
a  given  torque  there  is  no  difference  as  far  as  current  is 
concerned,  the  curves  all  having  the  same  current  for  the 
rated  torque,  but  operating  at  different  speeds.  As 
horsepower  is  proportional  to  torque  and  speed  it  will  be 
seen  that,  although  the  current  demands  are  the  same 
the  output  is  proportional  to  the  speed.  Thus  motor  ef- 
ficiency and  speed  regulation  are  intimately  related. 

The  secondary  circuits  of  the  majority  of  induction 
motors  are  of  so-called  '"squirrel-eage"  type,  consisting 
of  a  series  of  heavy  bar  conductors  passing  through  the 
rotor  slots  with  their  ends  connected  to  a  short-circuiting 
ring.  This  type  has  the  advantage  of  extreme  simplicity 
and  absence  of  any  form  of  brushes  or  contactors.  It  can 
only  be  used,  however,  for  motors  having  speed-torque 
characteristics  similar  to  curves  .4  and  B,  Fig.  2. 

AAlien  a  motor  is  desired  to  give  heavy  starting  torque 
with  low  current  as  in  curves  C  or  D,  it  is  necessary  to 
arrange  the  conductors  on  the  rotor  in  separate  circuits, 
usually  three-phase,  and  to  short-circuit  theni  through  a 
resistance  connected  witliin  the  rotor  and  manipulated 
bv  an  external  lever  or  lo  lii-ing  the  terminals  of  the  cir- 
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ClI.MIACTElilsTK'S    OF    SnniiliEI.-CAGE    MoTOK 


cuits  to  collector  rings  mounted  on  the  shaft.  Upon  these 
rings  bruslies  bear,  which  lead  to  secondary  resistance 
grids  placed  external  to  the  machine.  It  must  be  noted 
that  the  rotor  currents  are  heavy  and  if  the  rotor  resist- 
ance is  to  be  made  high,  there  will  be  a  considerable  los- 
of  energy  ap]iearing  as  heat.  As  only  a  moderate  amount 
of  heat  can  be  well  radiated  from  the  motor  itself  it  is 
necessary  to  provide  high-resistance  secondary  motors 
with  external  resistance. 

Fig.  3  gives  a  set  of  typical  characteristic  curves  of  a 
squirrel-cage  induction  motor.  In  a  general  way  the 
characteristics   are   similar   to   those   of   a   direct-current 
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sliuiit-wouuil  iiiiitDi-.  The  speed  regulation  is  good  up  to 
a  point  materially  beyond  full  load.  At  214  times  full 
load,  the  motor  reaches  its  "pull  out"  torque,  at  which 
point  it  will  stall. 

This  motor  has  an  improved  power  factor  when  oper- 
ating on  the  heavier  loads,  the  best  point  being  above 
full  load.  The  eft'ecl  of  a  low  power  factor  upon  a  motor 
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circuit  is  to  injure  the  voliagc  rcgubiiinii  as  well  as  re- 
quire more  cojiper  in  the  wiring. 

External  resistance  or  slip-ring  motors  have  character- 
istics corresponding  closely  with  tlio.<c  of  compound- 
wound  direct-current  motors.  The  efficiency  fall-  ofl'  more 
rapidly,  however,  with  an  increase  of  load. 

I'eturning  to  the  speed-torque  curves  in  Fig.  2,  it  is 
seen  that  the  speed  under  a  given  load  depends  upon  the 
rotor  or  secondary  resistance.  By  changing  this  resist- 
ance in  exteriuil-resistance  slip-ring  motors,  it  is  possible 
to  change   the   load   speeds   materially.     The  maximum 


greatly  reduces  the  torque,  however,  and  a  high  resistance 
rotor  is  required  together  with  a  motor  having  a  small 
air  gap  and  very  little  magnetic  leakage.  Moreover,  the 
speed  fluctuates  with  the  load  just  as  in  the  variable 
rotor-resistance  method  and  the  efficiency  is  reduced  with 
the  speed. 

It  was  seen  that  the  speed  of  the  primary  magnetic 
field  was  dependent  upon  the  number  of  poles  in  the  rotor. 
Motors  are  built  with  provisions  for  changing  the  pole 
grouping  and  thus  changing  the  speed.  This  method  is 
practical  only  for  small  sizes.  There  is  no  alternating- 
current  motor  on  the  market  having  adjustable-speed 
characteristics  similar  to  11^  >  direct-current  shunt  motor 
with  field  control. 

Synchronous  Motors 
The  simple  synchronous  motor  is  almost  identical  in 
construction  with  the  ordinary  revolving- field  alternator. 
It  is  usually  built  for  polyphase  currents  and  in  the 
larger  sizes.  Fig.  4  shows  a  tv'pical  machine  of  this 
type.  The  stator  is  practically  identical  with  that  of  the 
ordinary  induction  -motor,  grouped  windings  in  the 
laminated  stator  setting  up  a  rotating  magnetic  field. 
However,  instead  of  placing  in  this  field  a  drum  carry- 
ing closed  conductors,  there  is  placed  a  set  of  radial  elec- 
tromagnetic j)oles,  the  arrangement  of  which  is  shown 
in  Fig.  5.  Due  to  the  rotor  magnetism  acting  upon  the 
stator  conductors  carrying  current,  a  torque  is  exerted 
and  causes  tlie  rotor  to  revolve.  It  might  appear  that  the 
greatest  torque  would  be  exerted  when  the  rotor  poles 
are  directly  under  the  stator  poles  at  the  instant  they 
receive  the  maximum  current  in  the  cyc'e ;  this  is  not  the 
case,  however.  Due  to  the  rotor  magnetism  cutting  the 
stator  conductors,  a  counter  electromotive  force  is  gen- 
erated in  the  latter,  which  is  opposed  and  nearly  equal 
to  the  impressed  voltage,  and  the  rotor  lags  a  trifle.  The 
coiuiler  electromotive  force  does  not  reach  its  maximum 
\alue  in  opposition  until  the  rotor  poles  arrive  under  the 
stator  poles,  at  which  time  the  impressed  voltage  is  al- 
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|iossible  speed  is  slightly  below  >ynclinuious  speed  with  all 
resistance  cut  out  and  this  may  be  reiluced  about  o()  |)er 
rent,  by  the  insertion  of  resi.stance.  The  drawbacks  to  this 
system  of  obtaining  variable  speed  arc  the  same  as  those 
of  direct-current  motors  willi  armature  control.  The 
speed  fluctuatr-s  widely  with  a  change  of  load  and  the  sys- 
tem is  inefTicient.  It  is  not  suited  to  machine-tool  or 
similar  work. 

Tt  is  possible  to  change  the  speed  of  an  induition  motor 
bv  chaii<rin'_'  tlie  priniarv  \(ilta<,'e.     A  reiluclion  of  xnltago 


readv  decreasing.  Thci'c  is  thus  a  phase  dilferencc  be- 
tween the  two  voltages,  giving  rise  to  a  resultant  voltage 
wliich  ffirces  through  the  stator  a  current  and  thus  pro- 
duces a  torque  by  reaction  upon  the  rotor  magnetism.  Tf 
the  load  increases  further  tlie  rotor  will  lag  more,  allow- 
ing a  greater  phase  difTerenec  hence  a  greater  current  and 
greater  torcpie. 

In  the  forcgfiing.  the  rotor  field  current  has  been  con- 
sidered constant.  Variation  of  the  field  current  will  now 
he  taken  up.     Tt   was  evident  that  the  rotor  will  alwavs 
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assume  such  a  position  that  tho  phase  difference  between 
the  impressed  and  tlie  counter  voltage  is  sufficient  to 
nUow  a  load  current  to  flow  through  tlie  stator  coils  just 
sufficient  to  produce  the  torque  demanded.  If  the  field 
current  be  increased  the  rotor  magnetisui  will  increase, 
thus  increasing  the  counter  voltage.  The  rutcir  will  Ihen 
drop  back  until  the  increai^ed  counter  voltage  is  further 
out  of  phase  with  the  imjires.sed  voltage,  thus  nuiintain- 
ing  the  load  current  and  torque.  This  may  be  viewed  in 
another  way  if  it  is  noted  that  when  the  rotor  and  stator 
bave  the  position  of  Fig.  6.  the  magnetizing  effect  of  the 
stator  current  favors  the  rotor  field,  while  in  positimi  of 
I'^ig.  7,  the  stator  effect  is  in  opposition  to  the  rotoi'  licld. 
Thus  if  the  rotor  has  a  weak  field  it  will  assume  sonu' 
~uch  position  as  in  Fig.  (5.  in  order  (hat  the  magnetism 
may  be  maintained,  retaining  the  counter  voltage  at  the 
proper  \alue  to  ai)portion  tbe  load  ciiri'cnt  to  tbe  de- 
mand. If  it  has  a  strong  field  it  will  act  in  tbe  opposite 
manner. 

This  brings  out  the  fact  that  if  the  rotor-field  strength 
is  varied,  the  stator  exerts  a  magnetizing  effect  to  adjust 
Mie  magnetism,  counter  voltage  and  consequent  load  cur- 
rent and  torque  to  the  proper  values  to  maintain  equilib- 
rium. Xow  this  magnetizing  effect  is  caused  by  a  mag- 
netizing component  of  the  current  intake.  It  has  been 
]'reviously  stated  that  the  magnetizing  current  always 
lags  90  degrees  behiiul  tlu'  voltage  causing  it.  Hence  the 
amount  of  lagging  current  received  by  the  motor  dept'uds 
largely  upon  the  field  strength  of  the  rotor.  In  the  case 
of  Fig.  7,  the  rotor  field  is  neither  magnetized  nor  de- 
magnetized, being  merely  distorted ;  there  is  thus  practic- 
ally no  lagging  current.  In  the  case  of  Fig.  8,  the  mag- 
netizing current  has  a  negative  value.  It  lags  behind  the 
counter  voltage  ajul  is  reversed  in  phase  or  leads  with 
respect  to  the  impressed  voltage. 

To  summarize:  For  load  there  is  a  definite  load  current 
in  phase  with  the  impressed  voltage  which  represents  tbe 
actual  power  input;  this  represents  the  output  plus  tbe 
losses.  There  is  in  addition  a  magnetizing  current  !>() 
degrees  out  of  phase  with  the  impressed  voltage  wliich 
maintains  the  magnetism  at  the  proper  value  to  develoji 
the  torque  required.  Tlie  magnitude  of  this  current  de- 
])ends  upon  the  strength  of  the  rotor  field  current.  The 
total  current  taken  is  the  resultant  of  these  two  compon- 
ents. It  is  evident  that  for  a  given  load  the  current  in- 
take may  be  varied  over  a  wide  range  by  varying  the 
field  strength.  With  a  weak  field,  a  heavy  current  is 
flrawn  mostly  lagging.  As  the  field  strength  is  iiuu-eased. 
the  amount  of  lagging  current,  hence  the  total  current  de- 
creases and  comes  more  nearly  in  phase  with  the  voltage. 
At  one  value  of  field  current  there  is  no  lagging  current, 
iieme  tbe  total  current  intake  is  a  minimum  and  the 
power  factor  is  100  per  cent.  As  the  field  is  strengthened, 
the  current  again  increases,  a  portion  now  being  leading. 
With  extreme  values  of  field  strength  it  is  possible  to  ob- 
tain excessive  current  intakes  due  to  the  heavy  magnetiz- 
ing components. 

All  induction  motors  draw  more  or  less  lagging  current 
from  their  supply  circuits.  In  order  to  neutralize  the  ef- 
fect of  this  lagging  current  an  over-excited  synchronous 
motor  is  often  used  in,  connection  with  large  installations 
of  induction  motors.  If  a  synchronous  motor  be  used  in 
this  way  with  a  iieavy  leading  current  its  actual  power 
output  must  be  materially  reduced.     Ordinarily  it  is  fig- 


ured that  the  motor  shall  deliver  about  50  per  cent,  of  its 
rated  capacity  in  power  delivered  at  the  shaft. 

Tile  heating  of  the  motor  is  proportioiuil  closely  to  the 
t<ital  current  intake  and  if  a  large  component  of  leading 
current  is  introduced  the  power  component  must  be  re- 
(Ificed.  The  rotor  field  current  cannot  lie  reduced  too 
much,  due  to  instability.  It  was  shown  that  the  effect  of 
additional  load  is  to  cause  the  rotor  to  lag.  This  decreases 
tbe  favorable  magnetizing  effect  of  the  stator  and  beyond 
a  ci'iitral  ])oint  the  effect  is  remagnetizing.  If  a  motor 
witb  a  weak  field  reaches  this  i)oint,  it  will  c\  idcntly  lose 
nuignetism,  hence  turque.  and  bccomi'  stalled  more 
quickly.  If  the  field  be  heavily  magnetized  it  <-an  operate 
at  a  greater  angularity  m  tbe  (lemauiicl  i/.ing  quadrant 
before  losing  its  magnetism  and  Idicpie. 

-V  snurce  (if  dir-ect  current  is  necessary  in  (iimUt  to  mag- 
netize tbe  poles  (if  the  rotor.  For  tliis  purpose,  a  small 
direct-current  generator  or  exc-iter  is  commonly  mounted 
on  the  motor  shaft  extension  or  bolted  thereto.  This  ex- 
citer is  usually  rated  at  about  5  jier  cent,  of  the  motor 
capacity. 

A  synchronous  motor  drawing  a  leading  current  at  one 
load  may  draw  a  lagging  current  at  another,  the  proper 
excitation  changes  with  tbe  load.  Therefore,  this  type  of 
motor  requires  intelligent  I'are  and  attention  for  its  suc- 
cessful operation. 

S'l'.uri'ixu  Mo'i'oiis 

These  motors  are  started  either  by  means  of  a  small  in- 
duction motor,  usually  mounted  on  the  same  shaft,  or  by 
induction-motor  action  in  the  motor  itself,  brought  about 
in  most  commercial  machines  by  ])lacing  copper  conduc- 
tors in  the  field-pole  faces  and  connecting  them  with 
.short-circuiting  rings  just  as  is  done  in  the  squirrel-cage 
induction  tyi^e.  They  are  usually  started  under  reduced 
\iiltage  to  decrease  tbe  ini-nsh  of  current  and  the  field 
circuit  is  left  open  until  the  motor  attains  full  speed.  At 
the  instant  of  starting  m  high  voltage  is  induced  in  the 
licld  colls  hv  traiisroinici'  action.  In  some  cases  the  field 
circuit  is  so  arranged  that  if  can  be  divided  into  sections 
during  the  starting  period  to  reduce  tbe  total  voltage 
generated  ;  otherwise  tbe  coils  must  be  well  insulated. 

Small  sqllil•r^•l-cage  induction  motors,  five  horsepower 
ami  below,  are  oidinarily  started  by  throwing  them  di- 
rectly across  the  line.  During  the  accelerating  period, 
a  heavy  rush  of  current  occurs,  three  or  four  times  full- 
load  cnrrenl  nsuallv.  To  prevent  the  fuses  blowing  at 
starting,  a  dcnihle-tlirow  switch  is  provided,  fused  on  one 
side  only.  Tbe  motor  is  started  by  throwing  tlie  switch 
to  the  uii fused  side  and  when  it  has  attained  full  speed, 
the  sw itch  is  thrown  to  the  fu>ed  side  which  is  ordinarily 
I'uscil  tor  1'/,,  times  full-luad  curi'ent.  A  spring  device 
is  ]iid\  ided  on  switches  of  this  ty]5e  to  prevent  leaving  the 
switch  on  the  starting  position. 

Large  squirrel-cage  motors  are  usually  started  under 
reduced  voltages  to  decrease  the  rush  of  current  and  to  les- 
sen the  mechanical  strain  on  the  motors  and  machinery. 
The  voltage  reduction  may  be  accomplished  by  the  inser- 
tion of  resistance  in  the  ]jriniary  circuits  or  by  means  of 
an  autotransformer.  The  purpose  is  only  jiartially 
accomplished  by  the  resistance  method  as  the  use- 
less loss  in  resistance  at  starting  increases  the  cur- 
rent demand  during  the  accelerating  period.  Auto- 
transformers  are  arranged  with  several  taps  al- 
lowing a  selection  of  starting  voltages  according  to  the 
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torque  desired.  The  torque  of  an  induction  motor  va- 
ries as  the  square  of  the  voltage.  Hence  for  lieavy 
torques  comparatively  large  starting  voltages  are  re- 
quired. 

Some  motors  are  arranged  for  so  called  "star-delta" 
starting.  Six  leads  are  taken  from  tlie  motor  to  the  start- 
ing switch.  During  the  starting  ])eriod  the  windings 
are  connected  in  star,  which  reduces  the  voltage  impressed 
on  each  phase.  When  the  motor  attains  full  speed  the 
starting  switch  is  thrown  to  the  delta  position,  in  which 
the  full  line  voltage  is  impressed  njion  each  phase.  This 
method  is  not  suited  to  the  starting  of  heavy  loads  as 
there  is  no  selection  of  starting  voltage  and  the  motors 
can  only  be  arranged  to  exert  a  comparatively  low-start- 
ing torque.  Also  the  design  of  the  windings  has  to  be 
."jacrificed  in  some  respects  to  ada])t  them  to  the  double 
connection. 

Slip-ring  motors  are  usually  furnished  with  drum-type 


controllers.  They  are  arranged  to  start  with  maximum 
resistance  inserted  in  the  secondary  circuit.  The  resistance 
is  then  reduced  untU  the  motor  assumes  the  ilcsired  run- 
ning speed. 

Both  squirrel-cage  and  slip-ring  motors  may  be  started 
by  means  of  remote-control  panels  similar  in  appearance 
to  those  used  for  direct  current.  Controllers  of  this  type 
are  largely  used  for  elevator  service  and  for  automatic 
control  systems  such  as  pump  motors  provided  with  a 
float  switch  in  the  relay  circuit. 

Multispeed  motors  are  provided  with  drum  controllers 
for  changing  the  connections  of  the  windings  to  obtain 
the  various  pole  groupings. 

Synchronous  motors  ordinarily  require  the  use  of  a 
switchboard-control  panel.  This  is  provided  with  switches, 
a  starting  compensator  of  the  induction-motor  type,  rheo- 
stats for  the  motor  and  exciter  fields,  voltmeter,  am- 
meters and  possibly  a  power-factor  indicator. 
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syyOPSIS — All  aiiali/xix  of  Ihe  reasons  why  a  slcain-fiir- 
Inne-driven  ceiitrifiujal  piiiiip,  esiierially  for  water-works 
systems,  is  belter  tluin  a  reci/irocating  engine-driven 
rraiit-  anil  fy wheel  /in nip.  Tlie  author  consiilers  first 
cost,  overhead  ehanjes,  oljsolescencc  of  equipment,  foun- 
dations and  huildinys,  steam  cost,  pumping  duties,  main- 
tenance and  general  conditions  affecting  the  attendance  of 
both  l-inds  of  pumps. 

The  choice  of  pumping  equipment  for  large  water-works 
i<  practically  restricted  to  two  types,  the  trii)le-expansion 
crank-and-flywjieel  pun)i)ing  engine  and  the  steam-tur- 
bine-driven centrifugal  pump.  Such  simpler  types  of  n^- 
ciprocating  ])uinps  as  comjwund  crank-and-tlywheel  and 
triple-expansion  direct-acting  pumps  with  com]X'nsat- 
iiig  devices,  engine-driven  centrifugal  pumps  o-^t  niorc 
iban  tiie  turbine-driven  centrifugal. 

The  total  cost  of  pumping  water  may  bo  divided  into 
(1)  steam  costs,  (2)  interest  and  depreciation  cliargcs  on 
machinery,  foundations  and  buildings,  and  {'■))  expense 
for  attendance  and  supplies.  As  re-.rards  steam  cosis,  the 
triple-ex])ansioii  crank-and-flywliccl  engine  holds  to  date 
the  reiord  for  duty.  As  an  offset  to  high  duly.  Ibe  cen- 
trifugal ))unip  offers  lower  first  cost  (hence  Idwei'  annuMl 
charges),  lower  cost  for  foundations  and  buibling  (as  the 
unit  occupies  oidy  about  one-third  to  one-half  the  floor 
space  and  weighs  mu(  li  less)  and  less  expense  for  sup- 
plies, such  as  packinL^  oil,  waste,  etc.,  together  with 
greater  simplicity  and  fewer  parts,  which  tetid  to  decrease 
the  cost  of  repairs,  replacements  and  attendance,  notably 
the  latter. 

To  illustrate  how  the  hi'dier  steam  rate  of  the  turbine 
is  compensated  for  by  its  lower  fixed  charges,  assume  that 
the  head  to  be  jiumjied  against  is  200  ft.  The  cost  of  a 
triple-expansion  reciprocatii^'  ])uniping  engine  of  large 
capacity  for  thi.^t  bead  is  approximately  $:i.')00  jier  million 
gallons  daily  capacity,  while  tlie  cost  of  a  stcam-turl)ine- 


driven  centiifugal  for  the  same  head  will  not  be  over 
•$1000  for  the  same  cajjacity.  Taking  the  interest  and 
depreciation  charges  to  be  10  per  cent,  in  each  case,  it 
will  be  seen  that  each  million  gallons  daily  capacity  of 
the  high-duty  reciprocating  engine  must  carry  an  annual 
charge  of  $350,  whereas  the  centrifugal  pump  will  be  re- 
quired to  carrj-  only  $100,  leaving  $250  available  to  pay 
for  any  difference  in  steam  consumption.  If  the  average 
duty  of  the  reciprocating  pumping  engine  be  assumed  at 
170  million  foot-pounds,  as  against  liiO  million  for  the 
turbine  unit,  the  yearly  cost  for  steam,  Ki  hours  per  day 
|With  coal  at  $:!  ])er  ton,  will  be  $1.'^.08  per  water  horse- 
power for  the  reciprocating  engine,  as  against  $17.10  for 
the  turbine-driven  centrifugal  pump,  or  a  saving  of  $4.02 
per  year  for  each  water  horsepower  capacity  installed. 
Pumping  at  the  rate  of  one  million  gallons  per  day 
'against  200-1't.  head  corresponds  to  about  35  water  horse- 
[power,  u]>on  which  the  yearly  saving  of  $4.02  would 
amount  to  $1  10.10.  Subtracting  this  from  $250  saveil 
'by  the  turbine-diiven  centrifugal  pum]i  on  fixed  charges, 
ileaves  $109.30  for  each  million  gallons  daily  caiiacity  in 
favor  of  the  steam-turi)ine-driven  centrifugal-pump  unit. 
i  The  turi)ine-driveii  centrifugal  pump  maintains  its 
duty  better  than  does  the  reciprocating  pump,  as  there 
are  no  adjustments  ami  iiut  few  parts  subject  to  wear, 
and  will  usually  save  al)out  one-half  the  cost  for  atten- 
dance, except  in  small  jilants,  where  only  one  nmn  is  re- 
quired. 

1  With  the  recijirocating  piini))  there  is  a  continual  ex})ense 
for  valves  and  ])ackings,  neither  of  which  enter  into  the 
cost  of  upkeep  of  the  turbine  and  centrifugal  pump.  The 
ex]K'nse  for  oil  and  waste  of  the  former  is  also  consider- 
able, while  with  the  turbine  it  i.s  negligible,  since  the  lat- 
ter emjiloys  a  closed  oiling  system  using  the  oil  over  and 
over.  Cylinder  oil.  which  is  a  heavy  expense  with  large 
multiple-cylinder  reciprocating  engines,  is  not  used  in  tlie 
turbine.    In  addition,  there  arc  many  minor  supplies,  sticb 
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as  gaskets,  small  packings,  etc.,  which  must  be  kept  iu 
stock  for  the  reciprocating  pump,  but  are  required  very 
little  or  not  at  all  by  the  turbine  unit. 

The  life  of  machinery  is  frequently  figured  at  20 
rears,  requiring  3.23  per  cent,  to  be  charged  off  per  year 
to  a  sinking  fund  drawing  interest  at  4  per  cent.  Some 
pngineers  have  assumed  a  higher  percentage  or  rate  of 
;leprcciation  on  steam-turbine-driven  jnimps  than  on  re- 
'•iprocating  pumps  for  the  same  conditions,  but  the  yearly 
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cost  of  maintaining  turbine-driven  centrifugal-pumping 

quipment  is  no  greater  in  percentage  of  first  cost  than  is 

the  3'early  cost  of  maintaining  reciprocating  equipment. 

The  depreciation  on  machinerj'  is  often  figured  at  a 
higher  rate  than  that  on  buildings  and  foundations,  and 
while  it  may  be  true  that  the  latter  will  last  longer  than 
machinery,  so  far  as  natural  wear  and  tear  are  concerned, 
it  is  not  correct  economically  for  the  reason  that  when 
the  machinery  has  outlived  its  usefulness  or  has  become 
obsolete,  the  buildings  and  foundations,  and  in  fact,  the 
entire  equipment,  is  often  obsolete  and  must  be  torn  do^^oi 
and  replaced.  Changing  conditions  may  require  removal 
or  abandonment  of  the  plant,  as  where  the  water  supply 
has  become  contaminated  or  insufficient  filtering  equip- 
ment is  available,  etc.  Old  buildings  are  seldom  avail- 
able for  new  equipment,  although  in  perfect  condition 
and  repair.  In  any  case,  depreciation  on  foundations 
should  be  equal  to  the  charge  on  machinery,  for  the  reason 
that  it  is  seldom  that  old  foundations  can  be  used  for 
new  apparatus,  or  at  least  not  without  considerable  remod- 
eling, at  an  expense  equal  to  that  of  new  foundations. 

The  difference  between  the  costs  of  the  foundations 
■and  buildings  for  steam-turbine-driven  centrifugal  pumps 
and  those  for  reciprocating  pumps  is  in  favor  of  the 
steam-turbine  unit.  Large  and  expensive  foundations 
are  required  for  reciprocating  pumps,  not  only  because  of 
the  great  weight  of  the  machine,  but  also  to  resist  the  vi- 
bration and  strains  due  to  unbalanced  reciprocating  mo- 
tion.    The  steam-turbine-driven  pump  requires  a   com- 


jiaratively  small  building  with  but  little  headroom,  and 
of  comparatively  light  construction,  as  the  parts  to  be 
handled  by  cranes  are  small,  while  the  reciprocating 
pump  requires  large,  high  buildings,  substantially  built 
to  support  cranes  of  large  capacity.  Where  the  conditions 
for  foundations  are  bad,  the  advantages  of  the  centrifugal 
jnimp  become  still  greater. 

The  fixed  annual  charges  on  j)umps  increase  with  the 
duty  and  at  a  rapidly  increasing  rate,  as  shown  by  the 
lower  curve  in  Fig.  1.  The  nunimnm  total  pumping  cost 
is  found  where  the  sum  of  tlie  annual  charges  and  steam 
cost  is  a  minimum,  which  is  also  the  point  where  the 
slope  of  the  fixed-charges  curve  is  equal  and  opposite  to 
the  slope  of  the  steam-cost  curve.  The  minimum  cost  of 
pumping  is  not  necessarily  at  the  point  where  the  two 
elements  of  co.st  are  equal,  but  may  be  found  at  a  poini 
where  the  annual  charges  are  still  considerably  less  than 
the  steam  cost.  The  curve  shown  for  annual  charges  is 
based  on  recent  quotations  on  pumping  engines.  In  a 
specific  case,  the  chart  lias  little  value  further  than  for 
a  preliminary  sizing  up,  as  the  decision  must  be  based  on 
definite  prices  and  guarantees  submitted  on  the  individ- 
ual installation.  The  turbine-driven  centrifugal  pump, 
however,  has  the  advantage  for  all  prices  of  coal  up  to 
about  $6  per  ton. 

Under  practical  working  conditions,  the  turbine-driven 
centrifugal  pump  often  nearly  equals  in  duty  the  triple- 
expansion,  erank-and-flywheel  pumping  engine,  particu- 
larly if  the  average  duty,  as  affected  by  wear  and  slip- 
I)age,  and  also  the  greater  ability  of  the  turbine  pump 
to  make  profitable  use  of  high  steam  pressiires,  high  su- 
perheats and  better  vacuums  be  considered.  The  steam 
turbine  can  utilize  high-pressure  and  superheated  steam 
without  the  lubrication  troubles  encountered  by  recipro- 
cating engines. 

The  reciprocating  engine  shows  little  improvement 
with  increase  in  vacuum  above  2.5  or  26  in.,  but  the  steam 
turbine  is  able  to  take  care  of  the  very  much  greater 
temperature  range  which  high  vacuums  supply.  For 
example,  in  a  pound  of  steam  expanded  from  an 
initial  pressure  of  150  lb.  to  2;j-in.  vacuum,  there  are 
available  for  conversion  into  work  234  heat  units,  an  in- 
crease of  4.5  per  cent.  WHiile  the  steam  turbine  is  able 
to  turn  a  larger  jJroportion  of  tliis  heat  made  available 
by  higher  vacuum  into  increased  duty,  the  reciprocating 
engine  shows  little,  if  any,  improvement.  As  a  general 
statement,  it  may  be  said  that  for  a  jjumping  unit  having 
a  eapacitj'  equivalent  to  700  water-horsepower  or  over, 
and  with  standard  turbine  steam  conditions,  the  turbine- 
driven  centrifugal  pump  can  be  made  to  show  a  duty  of 
over  ].50  million  foot-jiounds  per  1000  lb.  of  steam. 

It  should  be  borne  in  mind  that  duty  gviarantees  based 
on  jjlunger  displacement  are  of  little  value,  because  of 
slippage.  For  example,  in  one  of  the  largest  municipal 
water-works,  where  a  force  of  men  is  employed  solely 
to  measure  the  duties  of  pumping  engines,  slippages  as 
great  as  15  to  30  per  cent,  are  occasionally  found.  A 
slippage  of  2  or  3  per  cent,  is  disregarded,  and  an  engine 
is  not  overhauled  until  the  slippage  exceeds  4  per  cent. 
Asuming  the  duty  of  an  i  ugine  based  on  plunger  displace- 
ment to  be  170  million  foot-pounds  per  1000  lb.  of  steam, 
this  at  once  reduces  the  duty  to  1()3.3  millions.  In  other 
■words,  a  recif)rocating  pumping  engine  showing  170  mil- 
lions duty  measured  by  phtftger  displacement  and  having 
a  slippage  of  4  per  cent,  would  probably  be  doing  no  bet- 
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ter,  as  measured   by  work  delivered  in  the  water,  than 
would  a  centrifugal  inimp  having  a  duty  of  163  millions. 

The  Turbine  Centkifugal-Pump  Problem 

The  problem  of  directly  connecting  the  steam  turbine 
to  drive  the  centrifugal  pump  arises  from  the  great  dis- 
jiarity  between  the  spouting  velocity  of  steam  and  the 
perii)hera]  velocity  requii-ed  of  the  })ump  impeller.  For  a 
tur!)ine  (leveloi)ing  alxint  1000  sliaft-liorsepower,  the  ideal 
speed  is  between  4000  and  5000  r.p.m.  To  reduce  the 
speed  below  this  with  a  given  number  and  size  of  wheels 
will  cause  the  duty  of  the  turbine  to  fall  off  because  of 
higli  velocity  in  the  steam  as  it  leaves  the  buckets,  while 
to  reduce  the  speed  by  adding  more  stages  will  increase 
losses  by  steam  friction  unless  the  diameters  of  the  wheels 
be  reduced,  which  reintroduces  leakage  and  leaving  losses. 
The  use  of  a  large  numljcr  of  stages  also  increases  the 
first  cost  of  the  turbine. 

Fig.  2  shows  the  relation  between  delivery  and  efficiency 
when  pumping  against  a  constant  head,  the  delivery  be- 
ing controlled  by  varying  the  speed. 

.Suppose  a  1000-hp.  turbine  operating  at  4500  r.p.m. 
is  to  be  directly  connected  to  a  centrifugal  pump  deliver- 
ing water  against  a  head  of  200  ft.  The  peripheral  ve- 
locity required  of  the  impeller  will  be  about  115  ft.  per 
sec,  and  as  the  capacity  of  the  pump  will  be  about  15,000 
gal.  per  min.,  the  .speed  will  be  ajjproximately  1000  r.p.m., 
that  is,  about  one-fourth  of  the  turiiine  speed.  By  using 
two  pumps,  each  of  half  the  capacity,  this  speed  can  be 
increased  in  the  ratio  of  the  square  root  of  2  to  1,  or  1.4: 
1.4  times  1000  is  1100  r.p.m..  Or  by  using  three  impel- 
lers in  parallel,  it  may  be  increased  in  the  ratio  of  the 
square  root  of  ;}  to  1,  or  to  n.'iO. 

As  this  is  still  considerably  short  of  the  best  turbine 
speed,  the  only  •  remaining  alternative,  if  the  turbine  is 
to  drive  the  pump  directly,  is  to  compromise  between 
the  two  speed.s — that  is,  reduce  the  turbine  speed  and  in- 
crease that  of  the  pump.  The  speed  of  the  turbine  may 
he  reduced  by  adding  more  stages,  and  by  running  below 
the  most  favorable  speed  for  the  given  number  of  stages. 


200    400    600     800     1000    IZOO    1400   1600    1800   ZOOO  Z200 
Water  Capacity,  Gallons  per  Minute  i>o~i, 

I'm;.  2.     Uelation  hetween  Diomvery  and  Ekki(;ie.\(jv 
W'iie.v  Pu.Mi'ixd  .\(i.\r\sT  Constant  TTkad 

'I'lic  {iiiirip  speed  iruiv  likewisi-  be  increased  by  iiicri-asiiig 
Ibe  cnl  ranee  velocity  and  u>ing  a  smaller  im|iel!er.  Each 
lias  a  detrimental  effect  upon  tlie  respective  ellieiency. 

As  for  tlie  ])unip,  the  increased  velocity  of  eiiti'ance  irt 
secured  at  tlie  expense  of  the  su<tioii  head  and  this  velocity 
head  must  be  reconverted  info  pressure  licad  at  the  de- 
livery.    Tnasmiicli  as  this  re<'onversion  is  not  perfect,  an 


additional  loss  of  work  is  imposed  upon  the  pump  over 
what  would  be  necessary  were  a  normal  entrance  \elo('ity 
used.  Obviously,  this  method  of  increa.sing  the  speed  is 
the  more  unfavorable  the  less  the  total  head  to  be  over- 
come. For  moderate  and  large  capacities  this  compro- 
mise involves  the  use  of  several  impellers  operating  in 
parallel  and  running  at  high  speed  with  high  water  ve- 
locities, which   is  apt  to  introduce  mechanical  a)id   hy- 
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draiilic;  unbalnncing  aiid  vibration,  with  consequent  pit- 
ting and   erosion,  necessitating  frequent  renewals. 

The  solution  of  the  speed  problem  which  has  been 
most  successful  is  the  use  of  a  mechanical  speed-reducing 
gear  between  the  turbine  and  the  pump.  This  permits  of 
running  each  member  of  the  unit  at  its  most  favorable 
speed,  having  regard  solely  for  its  own  cliara(;teristics.  If 
the  turbine  be  operated  at  the  speed  corresponding  to  its 
niaxiiuum  efficiency,  it  is  jjossible  to  vary  the  speed  consid- 
erably while  affecting  the  steam  economy  very  little.  This 
feature  is  useful  where  a  pump  is  to  be  operated  at  dif- 
ferent rates  of  delivery,  as  will  be  apparent  from  Fig.  3. 


Test  of  J= 


>oaleB°  Pff-esoir^aHnv® 


Dr.  C.  E.  Ford,  lommissiuner  of  the  department  of 
public  welfare,  Cleveland,  Ohio,  recently  made  a  labora- 
tory test  with  J-^l  boiler  ])reservative.  lie  determined 
that  no  danger  whatever  existed  from  its  being  carried 
over  with  the  steam,  and  furtlicrmore,  even  if  the  pre- 
s(  r\ntive  were  to  carry  over,  there  would  bo  no  contaniina- 
tidii  of  food  products,  if  the  steam  were  used  for  cook- 
ing, as  it  is  composed  of  natural,  harndess  salts  extracted 
from  the  sugar  beet. 

This  preservative  is  the  enemy  of  boiler  scale,  its  ac- 
ticiM  bt'ing  jiartly  chemical  and  partly  meclianical.  On 
account  of  its  strong  affinity  for  iron,  it  Avorks  its  way 
through  the  cracks  of  the  scale,  causing  it  to  loosen  and 
drop  off  when  the  boiler  is  lilown  off  or  washed  out. 

It  is  al.-o  used  to  neutrali/.e  the  acid  jimperfies  of  feed 
waters  and  to  bring  the  alkalinity  test  up  fo  ibc  point 
at  which  corrosion  and  ])itting  will  stop.  It  forms  a  thin 
(dating  on  the  iron  and,  when  used  regularly,  ])revents 
scale-forming  elements  from  adhering  to  the  metal. 

The  preservative  is  manufactured  by  the  II.  W.  Johns- 
Maiiville  Co.,  New  York  City. 
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SYNOPSIS — Typical  heating  boilers  and  designs  of 
funiace  for  smokeless  operation.  Ringelmann  chart  read- 
ings from   these  boilers  shoiv  good  results. 

Being  pec-uliarly  adapted  to  low  rates  of  combustion, 
the  down-draft  gratf  works  out  well  for  heating  loads. 
Although  with  some  types  of  equipment  it  is  not  iwssilile 


a  water-tube  grate  made  up  lietween  headers  in  the  or- 
dinary way. 

Figs.  3  and  4  illustrate  the  firebox  type  of  down-draft 
boiler,  the  difference  in  the  construction  of  the  water 
grate  being  plainly  shown.  Two  styles  of  uptake  are 
shown,  either  of  which  can  be  used  with  either  boiler. 

Fig.  5  shows  a  Herbert  detachable  down-draft  furnace 
installed  in  connection  with  a  return-tubular  boiler,  with 
a  two-span  deflection  arch  for  gas  mixture.  Another  in- 
teresting setting  of  the  same  type  is  shown  in  Fig.  6.  It 
consists  of  an  Evans-Almirall  hot-water  installation  made 
up  of  M  ty]ucal  d(i\vu-ili-nft  grate  undei-  a  .i4-in.  by  14-ft. 


Fig.  1.     Ameiuc.vx  Radiator  Co.'s  "Tdeal"  Boiler 


nnnp3sn:nnn3^:nmBn 


Tub-pvfi 


Fk;.  1.     Kewankk  Fihebox   Dow  s-Dhaft  Boiler 


Fi(i.  2.     Hart  ami  Grouse  Royal  Boilkr 

to  get  the  long  flame  travel  obtained  in  jjower  boilers,  still 
the  infrequent  intervals  between  firing  insure  a  good  sup- 
ply of  coked  coal  on  the  upper  grate,  which,  if  carefully 
jioked  down,  need  not  make  any  smoke.  The  secret  of 
<'jccess  with  this  type  of  furnace  is  to  carry  a  thick,  heavy 
lire  on  the  upper  grate  in  order  to  accumulate  as  much 
•  ■oked  coal  as  possible  before  poking. 

A  number  of  types  of  down-draft  Ijoilers  for  low-pres- 
sure work  are  shown  in  Figs.  1  to  6.  Figs.  1  and  2  show 
two  types  of  cast-iron  boiler,  one  having  the  down-draft 
water  grate  cast  in  the  section  of  the  Ijoiler  and  the  other 

•Copyright,  1914,  by  Osbom  Monnett. 
tSnioke  Inspector.  City  of  Chicago. 


4  Safety  Valve 
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Fig.  5.     IIerheut  Detachable  Down-Draet  Furnace 
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rctiirn-tubular  boilci'.  In  the  coinbustiou  ehaniber  is 
fitted  a  A— pier  and  wing  walls  similar  to  the  No.  8  fur- 
nace previously  described.     This  makes  a  good  combina- 


Fig.  6. 


Etaxs-Almirall  Down-Draft  Botlek   wtiu 
V-PiER  Axn  WiXG  Walls 


TABLE 

I.      RESULTS    FROM 

DOWN-DR 

BOILERS  BURNING 

ILLINOIS 

ame 

Minutes  of 

Smoke 

Observation 

Units 

I 

240 

42.5 

2 

240 

46.5 

3 

240 

37.0 

4 

240 

73.5 

5 

240 

61.5 

6 

240 

63.25 

7 

240 

51.5 

3 

240 

45.5 

9 

240 

20.75 

10 

240 

112.0 

U 

389 

67.5 

12 

180 

29.0 

13 

240 

96.0 

14 

240 

5 .  25 

15 

240 

26.0 

le 

240 

67.25 

17 

210 

20.25 

IS 

240 

20.0 

19 

240 

00.0 

20 

240 

42.0 

21 

240 

87.75 

22 

240 

21.5 

23 

220 

99.0 

24 

240 

18.0 

25 

240 

00.0 

26 

240 

5S.5 

27 

240 

00.0 

28 

240 

135.5 

29 

240 

23.0 

30 

240 

49.75 

31 

240 

36.5 

32 

240 

58.5 

33 

240 

6.0 

34 

240 

50.5 

3.5 

240 

00.0 

36 

240 

00.0 

37 

24(1 

71.5 

38 

240 

00.0 

39 

240 

66.5 

10 

180 

5.5 

41 

180 

00.0 

12 

180 

6.0 

43 

240 

8.0 

44 

240 

41.0 

4r, 

240 

86.75 

46 

240 

nn.o 

47 

240 

60.0 

48 

240 

11  .0 

49 

240 

(1.5 

»0 

240 

SI.  25 

51 

240 

67.0 

52 

240 

7.25 

.-.3 

240 

15,25 

r.4 

240 

00.0 

55 

240 

102.25 

56 

380 

39.5 

A  series  of  Pingelniann  chart  readings  were  taken  in 
Chicago  during  the  past  heating  season  on  down-draft 
boilers  using  various  fuels  and  on  plain  firebox  boilers 
using  Pocahontas  coal.  The  results  are  tabulated  here- 
with. Bearing  in,  mind  that  from  2  to  5  per  cent,  is 
considered  a  satisfactory  performance  for  hand-fired 
boilers,  it  can  be  seen  how  near  the  ideal  was  approaclicil 
by  the  average  of  all  the  readings  taken. 

TABLE    2.      RESULTS    FROM    DOWX-DRAFT    HEATING 
BOILERS  BURNING  POCAHONTAS  COAL 


8.5 


Total  13.649  2244.5  3.28 

tion  to  use  whenever  the  return-tubular  type  of  boiler  is 
employed.    The  areas  are  worked  out  the  same  as  for  the 
I      power  boilers  previously   descritied. 


Minutes  of 

Smoke 

Per  Cen 

Observation 

Units 

Densitj 

240 

15.0 

1.2 

240 

1.5 

240 

7.5 

1.5 

240 

9.25 

0.8 

240 

48.5 

4.0 

240 

39.0 

3.25 

240 

00.0 

360 

5.0 

240 

54.75 

240 

52.0 

4.3 

240 

2.75 

0.23 

240 

3.5 

0.3 

240 

5.5 

240 

5.0 

0.3 

240 

2.0 

0.2 

240 

29.0 

1 .9 

240 

3.0 

0.3 

240 

67.24 

240 

00.0 

0.0 

240 

14.25 

240 

3.0 

0.3 

ISO 

3.0 

0.3 

240 

17.25 

1.4 

24) 

16.5 

1.3 

240 

19.5 

1.6 

390 

18.0 

0.9 

240 

5.0 

0.4 

240 

0.0 

0.0 

240 

0.0 

0.0 

TABLE    3.      RESULTS    FROM    CAST-IRON    AND    FIREBOX 

TYPES  OF  BOILER,  UP-DRAFT,  BURNING 

POCAHONTAS  COAL 


Name 

Minutes  of 

Smoke 

Per  Cent. 

Observation 

Units 

Density 

1 

225 

15.75 

1.4 

2 

240 

39.5 

3.3 

3 

240 

42.25 

3.5 

4 

240 

25.0 

2.1 

5 

240 

8.25 

0.7 

6 

240 

17.0 

1.4 

7 

240 

7.5 

0.6 

8 

240 

0.0 

0.0 

9 

240 

31.0 

2.5 

10 

240 

0.0 

0.0 

11 

240 

16.25 

1.3 

12 

240 

55 .  25 

4.6 

13 

240 

149.25 

12.4 

14 

240 

160.25 

13.3 

15 

240 

53.0 

4.4 

16 

240 

0.0 

0.0 

17 

240 

4065 

18.75 

1.1 

Total 

539 

2.7 

The  data  were  collected  without  the  knowledge  of  the 
operators  of  the  various  plants,  who  were  in  every  case 
the  ordinary  janitor  found  on  heating  jobs.  AVhen  the 
density  ran  higher  than  5  per  cent.,  it  was  always  due 
to  carelessness.  Education  will  be  a  big  factor  in  get- 
ting better  results  from  this  type  of  equipment  when  it 
liecomes  more  gpncially  introduced. 
;** 

Niitiirnl  (iiiH  Output  In  Il>i:<  in  the  United  States  was  the 
greatest  in  the  history  of  the  industry,  surpassing  that  of  any 
previous  year  in  both  quantity  and  value.  The  total  gas  produc- 
tion In  1913  Is  estimated  by  B.  Hill,  of  the  United  States  Geolog- 
ical Survey,  at  5S1.S98.239,000  cu.ft.,  valued  at  $87,846,677,  an 
average  price  of  15.10  cents  per  thousand  cubic  feet,  as  com- 
pared with  a  production  of  562.203.452.000  cubic  feet,  valued  at 
$84,563,957,  an  average  price  of  15.04  cents,  in  1912,  the  in- 
crease being  19,7»4.7.S7.O00  cubic  feet  in  quantity  and  $3,282,720 
In  value,  of  this  total  product,  about  32  per  cent,  was  utilized 
for  domestic  purposes,  or  184,885,662,000  cubic  feet,  valued  at 
$50,522,415,  an  average  price  of  27.33  cents  per  thousand  cubic 
feet,  and  68  per  cent,  was  utilized  for  industrial  purposes,  or 
397,012,577,000  cubic  feet,  valued  at  $37,324,262,  an  average 
price  of  9.4  cents.  The  industrial  consumption  Includes  gas 
u.sed   for  both  manufacturing  and   producing  power. 

West  Virginia  led  In  quantity  of  natural  gas  produced  and 
Pennsylvania  was  second,  Pennsylvania  was  the  leading  state 
In  quantity  of  natural   gas  consumed,  and   Ohio  second. 
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^YNOPSI^S — By  iKdintaining  a  rapid  circulation 
ihroiti/li  the  jack-el-^,  the  lemperature  of  tliv  water  can  he 
raif^eit  sufficient  I  ij  high  to  produce  steam  at  2')  to  oO  lb. 
without  danyer  of  overheating  the  cylinders.  In  //iw  way 
all  the  heat  ordinarily  wa.'ited  to  the  jarhi-ls  is  utilizeil  in 
the  form  of  low-pre.^sure  steam. 

In  conipetitit>ii  with  steam  eiigiiie>i.  the  gas  engine  has 
long  suffered  a  handicap  where  the  conditions  have  de- 

mauded  low-pressure 
steam  for  heating 
or  industrial  pur- 
poses. While  some 
progress  has  been 
made  toward  utiliz- 
ing the  waste  heat 
for  this  purpose,  the 
practice  has  not  been 
general,  one  obstacle 
being  the  liifiicnlty 
in  raising  the  jacket 
water  to  a  sutiicient- 
ly  high  temperature 
without  danger  of 
overheating  the  cyl- 
inder. 

Recent  investiga- 
tions by  J.  B.  Mer- 
iam,  of  the  Bruce- 
Macbeth  Engine  Co., 
indicated  that  when 
the  j  a  c  k  e  t-water 
temperature  is 
raised  above  150 
deg.,  l)ul)bles  begin 
to  ft)rm  and  adhere 
to  the  surface  of  the 
iron.  These  increase 
ill  size  and  number 
with  a  rise  in  tem- 
perature until  at 
300  deg.  the  entin 
surface  is  covere(  1 
with  bubbles.  Closer 
inspection  showed 
that  each  bubble 
spreads  out  where 
it  comes  in  contact 
with  the  iron,  pre- 
venting the  water 
from  coming  in  con- 
tact with  the  surface  and  thus  acting  as  a  heat  insulator; 
hence,  a  dangerous  rise  in  temperature  of  the  cylinder 
walls. 

By  forcing  the  water  in  a  closed  circuit  through  tlie 
jackets  at  high  velocity  (five  to  ten  times  normal)  it  was 
found  that  the  temperature  could  be  raised  to  at  least 
300  deg.  (corresponding  to  about  50  lb.  steam)  without 
danger  to  the  cylinder ;  showing  that  at  this  high  velocity 
the  insulating  bubbles  did  not  have  a  chance  to  cling  to 
the  iron. 

As  further  ])nM>f  a   rvIindiT  was   provideil    with   a   Imi.-s 


Fig.  1.  ilETHOD  OF  Measuhixg 
Tempekatuijk,  Dkot 

THUOUGH    CyLIX- 
DEU  "\A'alls 


shown  in  Fig.  1.  and  a  -n--iii.  bole  was  drilled  at  an 
angle  to  within  alicnit  ,',;  in.  oC  the  inner  surface.  A  dro]) 
of  mercury  was  i)laced  in  tliis  hole  and  a  thermometer  B 
inserted.  A  second  thermometer  A  was  then  placed  in 
the  jacket  as  sliown.  It  was  fountl  that  the  ditiPerence 
in  temperature  as  recorded  hy  the  two  thermometers  was 
]iracticallv  constant  (i\er  a  uide  range  of  jacket-water 
temperatures,  vhuwini;  that  the  heat  was  carried  away  by 


Fig.  3.     F]ngixe  ox  Testixg  Flooi; 

the  water  as  fast  as  it  passed  throTigh  the  cylinder  walls. 
In  this  particular  engine  used  in  the  test  it  was  found 
to  require  a  little  less  than  ;?0  min.  to  raise  10  lb.  steam 
pressure. 


Fig  ;i.    I'Ai.'i'  Of  IxsiAM.A'nox  at  \'()UN(ii,ovi: 
Bt'ir.niXG 

The  distribution  of  beat  in   an   cllicient  gas  engine  is 
I  tout  as  follows : 
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Effective    work. 

Radiation    

Exhaust    

Water  jaclvet    . 


It  follows  that  if  an  iiulo.sed  cooling  system  is  used, 
and  onh'  steam  is  allowed  to  escape,  then  all  of  the 
water  used  must  eventually  be  turned  into  steam,  and 
])raetieally  the  entire  32  per  cent,  of  the  total  heat  of  the 


pansion  tank  is  u.sed.  The  horizontal  tank  shown  is  the 
hot-water  supply  for  the  building  and  is  fitted  with  a 
steam  coil,  which  receives  its  supi^ly  from  the  gas-engine 
jackets  or  from  the  low-jiressure  heating  boiler  in  the 
next  room.  Tliis  allows  the  hot-water  tank  to  be  carried 
at  full  city  pressure,  while  the  jackets  of  the  engine  deal 
with  low-pressure  steam ;  in  tliis  case  5  to  10  pounds. 

■^"Return  from 


!g" Fresh  rrerf^r 
iogages 


Fro.  4.     ExGiXK  KgriiTED  wiiii  \Vati;i;-.T 


POWER 

KKTl-;i)   l'"xii\rsT  Maxii-'olu 


fuel,  referred  to  as  lost  to  the  jiickcts.  is  recovered  in  the 
form  of  .«team. 

With  a  well  designed  exhaust-gas  boiler,  about  one-ltalf 
tlic  .'58  per  cent,  of  the  total  heat  of  the  fuel  which  is 
lost  to  tbe  exliaust  sliould  be  recovered.  This  added  to 
that  recovered  from  tiie  jacket  water  would  make  about 
50  per  cent,  of  tbe  heat  of  the  fuel  available  in  the  form 
of  low-])ressure  steam.  The  engine  on  which  the  tests 
were  conducted  was  equi])ped  with  a  water-jacketed  ex- 
haust manifold  (see  Fig.  4),  but  without  a  sjiocially  de- 
signed exbaust-gas  boiler,  and  it  was  found  that  the  tem- 
perature of  the  exhaust  gases  leaving  the  engine  beyond 
the  water-jacketed  manifold  exceeded  OoO  deg.  F.  at  full 

]..;l.l. 

The  difference  in  feniperatiuu  between  tbe  entering 
and  o\itgoing  water  wa>  less  than  l-")  ileg.  and  the  cylinder 
was  thus  maintained  at  a  practi(ally  constant  tem])er- 
ature. 

Another  marked  feature  ilainie<l  for  tbis  process  is  in- 
creased tliernial  efficiency  of  the  engine,  .m>  that  the  fuel 
consumed  is  about  2  per  cent,  less  at  ma.ximum  loail 
anrl  l.l  j)er  cent,  less  at  quarter  load.  With  an  engine 
of  high  ufliciency  and  ojierating  at  nuiximuni  load,  there 
will  be  evaporated  by  tbis  process  a])proximately  four 
pounds  of  water  into  steam  at  25  lb.  jiressure  per  brake 
horsepower-hour  delivered  by  tbe  engine.  As  might  be 
ex])ected  the  quantity  of  steam  generated  per  horsepower- 
hour  increases  as  the  load  decreases,  due  to  lower  ther- 
mal efTiciency  and  heii<-e  increased  rates  of  fuel  eonsuinj)- 
tion  at  tbe  lighter  loails.  On  one  of  tbe  tests  an  evn]>ora- 
tion  of  7..3  pounds  of  water  ]ier  hnike  borsepowcr-bour 
was  attained  at  f|uarter  load. 

Fig.  2  shows  a  liruce-Macbetb  eti;,'ine  e(jiii|ipeil  lor  tbi- 
])rocess,  on  the  testing  floor,  and  Fig.  •'!  i)art  of  tbe  in- 
stallation in  the  Younglove  Building  at  Cleveland.  Tlere 
there  are  three  gas  engines  of  ]5ii.  fin  and  :!<>  liorsei)ower, 
and  one  motor-driven  centrifugal  pump  suiijilies  the 
water   at   high    velocity   to    the    I'M^'iiies.      Onlv    one   e\- 


T©s5ffip)®ip^t^a'®s  aia  6fia©  LoconuaOc 


In  the  Feb.  18  issue,  a  sertional  \ie\v  of  the  apparatus 
and  piping  of  a  typical  reci])rocating-engine  plant,  operat- 
ing condensing,  was  ])ul)lislu-d.  The  illustration  also 
showed  the  variation  of  temperature  and  )>i'essure  of  the 
boiler  gases  and  of  tbe  steam  during  tbe  course  from 
the  boiler  through  the  eiigiiu',  condenser  nnd  back  to  the 
boiler. 

On  iiage  4!)G  of  this  issue  is  shown  a  sectional  view  of 
a  locomobile  with  tlie  tem])erature  reduction  from  250ti 
deg.  at  the  furnace  to  lil5  deg.  at  the  condenser  discharge. 

This  illustration  represents  just  as  complete  a  ]>(>wer 
jilant,  boiler,  engine,  heater  and  conden.<er  as  that  in 
the  Feb.  IS  issue;  a  unit  up  to  (JiK)  hp.  in  capacity  would 
require  about  one-half  the  floor  area.  There  is  no  ex- 
ternal steam  iiijn'iig  and  the  main  engine  drives  all  the 
auxiliaries. 

The  heater  and  eondensei'  arc  ]ilaceil  above  the  main 
unit  to  more  clearly  slunv  the  coimection  between  them 
;in(l  the  engine  cylinders.  With  tbe  ordinary  unit  tbe 
he;iter.  jiunip  ami  eonileiiser  are  at  the  side  of  the  boiler. 


iMiihilcil  I'oniT  l'liiii<  liir  (Oiic.v  Inliiiiil— .VrcoiclillK  to  tlio 
hitest  report,  foney  Island  is  to  liave  another  isolated  power 
plant.  RId.s  have  been  asked  on  a  2500-kw.  capacity  power 
and  lidhtlntt  plant,  the  main  units  to  be  turbo-jrenerators. 
This  plant  will  be  constructed  liy  the  Luna  Amusement  Co.. 
anrl    will    furnish    power   and    llBhtini.-    for    l.una    Park    and    its 


ittr 


•r<M>l  Hiixt  I'm.-iilloii — Tools  that  arc  used  or  stored  in 
damp  places  can  i>e  kept  from  rusting  by  uslnB  the  followlnff 
protective  coatInK:  '!'-t  a  half  a  pound  of  melted  lard,  stir 
In  a  half  ounce  of  camphor,  and  skim  off  the  scum;  next  add, 
constantly  stirrinB,  lh'"e  ounces  of  finely  powilered  graphite, 
and  apply  the  mixture  hot  to  the  tools  after  they  have  been 
Cleaned  and  wiped  dry.  Any  surplus  of  the  grease  can  be 
wiped   oft  after  •l\   hours  with   a  ctotl)   or  clean   waste. 
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Lack  of  money  for  city  smoke  inspection  was  a  condi- 
tion much  deplore<l  at  tlie  recent  convention  in  Grand 
Rapids,  ^licli.,  of  the  International  Association  for  the 
Prevention  of  Smoke. 

It  is  difficult  to  make  the  citizens,  and  especially  the 
majority  of  the  officials  seeking  the  support  of  the  citi- 
zens, see  that  the  smoke  department  is  doing  any  real 
good.  These  people  have  no  adequate  conception  of  the 
nature  of  the  work,  and  as  soon  as  the  department  is 
created,  all  are  angrily  disappointed  to  find  even  one 
stack  emitting  the  substance  that  a  new  ordinamte,  backed 
by  a  whole  department,  has  been  instituted  to  prevent. 
It  is  a  pity'  that  the  citizens  cannot  be  made  to  under- 
stand that  the  laws  for  smoke  elimination  are  the  most 
insignificant  part  of  the  wliole  thing.  Jlere  laws  will 
not  stop  smoke  any  more  tlian  tliey  will  complete  the  ar- 
rest of  the  offenders.  It  takes  Jails,  ])olice,  patrol  wagons, 
alarm  .systems,  etc.,  to  do  the  latter,  and  it  requires 
changes  in  firing  methods,  remodeled  furnaces,  super- 
vision of  new  construction,  and  much  moral  suasion,  all 
of  which  requires  time,  before  any  really  noticeable  dim- 
inution of  smoke  occurs. 

If  a  smoke-inspection  department  has  competent  en- 
gineers and  has  authoritative  supervision  over  the  de- 
sign and  installation  of  new  furnaces  as  well  as  of  re- 
pairs or  changes  to  old  ones  the  saving  to  individual 
users  of  fuel  sometimes  amounts  to  more  than  the  en- 
tire appropriation  to  conduct  the  department,  to  say 
nothing  of  tlie  saving  to  tlic  city. 

Another  fact  that  must  not  be  overlooked  is  that  when 
the  department  has  revised  the  boiler-room  practice  in 
a  plant  and  has  effected  a  saving  to  the  owner,  he  be- 
comes of  value  in  helping  to  enforce  tlie  smoke  ordiiumce. 
He  informs  his  industrial  friends  of  wliat  the  department 
has  done  for  liini,  and  soon,  in  an  ever  growing  circle,  the 
department  is  regarded  as  a  boon  instead  of  a  j)est  with 
a  legal  right  to  existence. 

To  bring  this  conditinn  iiliout  re()uircs  close  attention 
by  the  department  to  iiidiviihiiil  cases.  A  jilant  tliat  is 
a  chronic  smoker  or  one  tliat  ijcconies  one  after  changes 
in  coal,  (iring  methods  or  settings,  must  be  critically 
studied  to  find  tlie  cause,  discover  a  remedy  and  then  the 
owners  must  be  jxTsuadccl  to  adopt  it.  Data  concern- 
ing the  case  nnist  b<!  recorded,  aM<l  an  inspector  nuist  de- 
vote much  time  to  the  ])huit  so  that  wiien  similar  cases 
arise,  tbe  de])artment  may  know  iif)W  to  care  for  it. 

The  [tractice  of  making  tlie  smoke  inspection  depart- 
ments of  American  cities  one-nuin  affairs,  or  nearly  so, 
is  altogether  too  common.  In  most  cases,  it  is  worse 
tlian  foolish;  it  is  ])itinble  ignorance  or  mi|jardonable 
negligence. 

What  is  a7i  appro])riation  of  two,  or  twenty  tliousand 
dollars  to  redui'c  the  cause  of  annual  damage  amounting 
to  millions  in  most  larsje  cities? 


iiiiiiiiii Ill iiiiiiiiiiiiiiiiiiiiiniiiiinniiiiiiiiiiiiiiiilllililliiinniiiiiiiiiiiniiiiiiiiiiiiiiiiiiinii iiir 

Much  is  being  heard  of  the  present  being  the  accepted 
time  for  the  United  States  to  increase  its  prestige  in  the 
foreign  markets.  This  is  true,  but  so  much  of  this  kind 
of  talk  is  likely  to  give  the  impression  that  this  country 
has  not  figured  to  any  extent  in  foreign  trade  heretofore, 
which  is  not  so.  Tlie  Bureau  of  Foreign  and  Domestic 
Commerce  of  the  Department  of  Connnerce  has  recently 
puljlished  a  book,  "The  Commercial  Relations  of  the 
United  States,"  which  shows  I)y  figures  for  1913  that  in 
that  year  the  United  States  was  the  world's  third  largest 
importer,  only  the  United  Kingdom  and  Germany  being 
ahead  of  it,  while  as  an  exporter  this  country  had  the 
lead. 

So  much  by  way  of  indicating  that  the  United  States 
has  a  position  of  importance  in  the  world's  markets  al- 
ready. This,  however,  does  not  deny  the  fact  that  the 
opportunity  is  here  for  it  to  gain  additional  foreign 
business,  which,  with  the  proper  methods,  it  should  be 
able  to  hold  indefinitely,  even  after  the  disturbed  condi- 
tions abroad  may  be  adjusted. 

One  very  important  part  in  this  desirable  object  may 
be  played  by  industrial  education.  In  this  connection  it 
is  interesting  to  review  something  of  the  work  that  has 
been  done  by  the  National  As.sociatiou  of  Corporation 
Schools,  as  given  in  the  report  to  the  executive  committee, 
abstracted  on  another  page  of  this  issue. 

The  association  was  formed  with  the  idea,  not  of  sup- 
planting any  existing  forms  of  education  or  any  estab- 
lished cducatioiuil  institutions,  but  with  the  hope  of 
supplementing  their  work.  The  corporation  schools  do 
not  pretend  to  carry  along  the  educational  courses  given 
in  the  common  or  grammar  schools,  and  they  believe  that 
these  schools  should  have  entire  charge  of  the  .scholar  until 
lie  is  fourteen,  or  has  been  graduated  from  the  grammar 
.school.  The  association  does  not  believe  that  the  child 
should  be  taught  any  trade  or  be  encouraged  to  select  any 
.speci(i(t  industry  until  he  is  a  grammar-school  graduate: 
but  it  does  believe  that  a  knowledge  of  the  industries  and 
a  broad  general  cultural  knowledge  could  1)0  taught  the 
child  between  the  ages  of  13  and  11. 

The  association,  iu)w  in  its  secoiul  year,  has  had  enough 
experience  to  enalile  its  executive  committee  to  ma])  out  a 
constructive  plan,  to  which  the  association  intends  to  work 
l)rior  to  its  third  annual  convention,  which  will  be  held 
in  Worcester,  ^Mass.,  during  the  second  week  of  next 
June. 

\\'e  believe  that  our  readers  will  be  interested  in  the 
re])ort  before  referred  to,  and  while  the  association's  work 
is  not  confined  to  the  field  with  whicji  wc  are  especially 
concerned,  we  believe  that  it  can  play  a  very  important 
part  in  the  field  of  ))ow('r-])lant  engineering,  as  well  as 
in  other  industries. 

Any  boost  that  can  be  given  the  good  work  by  those 
whose  attention  may  have  been  arrested  by  these  words 
will  l)c  directed  in  a  good  cause. 
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All  markets  are  more  or  less  regulated  by  supply  and 
demand.  Commodities  of  the  highest  grade  usually  net- 
ting the  highest  priee  and  being  the  most  readily  dis- 
posed of,  the  market  for  engineering  services  should  be 
a  fruitful  field  for  study. 

The  age  is  one  of  minute  specialization.  Not  often  is 
a  successful  engineering  specialist  a  successful  business 
specialist.  The  high-salaried  man  is  tlie  man  who  can 
control  and  direct  men  of  genius.  He  is  the  expert 
broker  in  brain  markets.  That  is  his  s]iecialty.  He 
makes  no  pretense  to  know  engineering,  but  he  sets  the 
wages  for  engineers. 

^Yithout  a  market  nuister  genius  is  extremely  liable  to 
go  derelict.  The  country  is  full  of  misfits.  One  cus- 
tomer is  not  enough  to  attend  the  market  of  a  man's 
service.  Competition  is  as  needful  among  buyers  of 
service  as  among  sellers  of  it.  Employers  may  luive 
many  avenues  through  which  to  get  an  engineer's  services 
at  their  own  figure.  His  hours  are  long:  his  days  off  are 
few.  His  need  for  employment  is  pressing  and  his  fear 
of  being  out  of  work  is  great. 

Let  us  suppose  that  his  education  has  been  his  busi- 
ness; not  marketing  his  services.  All  his  efforts  have 
been  bent  on  one  purpose.  Fortunate  indeed  he  is  if  he 
makes  a  satisfactory  sale  at  first  offering.  Too  often 
this  is  not  the  case.  Intellectual  giants  often  go  about 
doing  child's  work.  This  is  one  type  of  misfit.  The 
other  is  more  hopeless.  He  is  the  man  who,  having  spent 
little  on  his  education  and  training,  manages,  by  some 
means,  to  market  his  wares  above  their  merit.  He  gets 
in :  he  bluffs ;  he  fakes  and  hides  his  ignorance  as  long 
as  he  can.  Then  he  goes  down.  In  so  doing,  he  does 
the  profession  more  harm  a  hundred-fold  than  the  first. 

Let  US  presume  that  most  employers  are  honest  in  their 
desires  for  the  welfare  of  their  engineers.  The  trouble 
is  here  again,  that  their  "profession"  has  not  been  the 
■'business"  of  hiriiu/  engineers.  Their  profession  is  that 
which  causes  them  to  need  engineers.  They  are  special- 
ists, if  successful  in  their  vocation.  They  have  been  im- 
jjosed  upon  by  unscrupulous  and  lying  vendors  in  the 
market  of  engineering  service.  They  want  good  men  as 
badly  as  good  men  want  places.  It  is  the  bogus  element 
that  needs  eliminating. 

Over  in  the  market  gardening  regions  of  New  Jersey, 
a  study  has  been  made  of  soils  and  their  adai:itation  to 
various  crops  is  occupying  the  minds  of  specialists.  For 
instance,  in  one  section  nobody  raises  anything  but  po- 
tatoes for  miles  around.  Their  imdivided  attention  is 
given  to  producing,  quantity,  quality,  economy  of 
methods,  etc.  These  men  have  to  give  little  thought  to 
selling,  because  they  have  a  selling  exchange.  A  market- 
man  was  selec-ted  and  paid  to  make  the  selling  his  spe- 
cialty. He  must  keep  constantly  in  touch  with  the 
markets,  and  has  become  an  expert  business  specialist. 

Tlie  expert  engineer  needs  a  business  expert  just  as 
mucli,  and  it  might  not  he  such  a  bad  idea  to  have  a 
business  expert  or  a  market  commission  or  bureau  keep- 
ing personal  records  of  engineers,  just  as  LTncle  Sam 
has  a  record  of  every  soldier  in  the  old  Ford  Theatre 
Building  in  Washington.  Such  records  would  be  as  val- 
uable to  employers  as  to  engineers.  It  would  make  for 
the  elevation  of  the  worthy,  would  weed  out  the  unworthy 
and  ultimately  lietter  the  profession. 


For  nearly  thirty  years  the  engineers  of  New  Jersey 
appealed  to  and  demanded  of  the  legislature  at  Tren- 
ton a  license  law  for  engineers  and  firemen.  Local  city 
ordinances  were  rightly  scorned  by  nearly  all  and  each 
year  renewed  effort  was  made  to  make  the  law  a  reality, 
for  state  supervision  of  this  matter  was  deemed  best 
and  proves  best  wherever  practiced.  Its  industrial  impor- 
tance made  a  state  license  law  imperative  in  New  Jersey, 
and  tkranks  to  the  unremitting  efforts  of  the  engineers 
the  legislature  passed,  though  reluctantly,  the  last  bill 
presented. 

This  law  took  olfect  on  July  fourth  of  last  year — fif- 
teen months  ago.  The  law  required  that  within  sixty 
days  after  its  enactment  the  Commissioner  of  Labor 
should  organize  a  steam  engineer's  and  boiler  ojierator's 
license  bureau.  About  July  first  of  last  year  it  was 
rumored  tlmt,  as  the  bill  passed  during  the  closing  hours 
of  a  speiial  session  of  the  legislature,  no  aj^proisriation 
had  been  made,  to  carry  out  the  provisions  of  the  law, 
and  therefore  the  bureau  would  not  be  organized  until 
an  appropriation  was  forthcoming. 

Months  later,  on  the  reassembling  of  the  legislature, 
the  appropriation  came  and  all  that  remained  to  be  done 
was  for  the  Commissioner  of  Labor  to  appoint  the  person- 
nel of  the  bureau  and  have  his  appointments  confirmed  by 
the  civil  service  commission.  In  the  meantime,  Coninos- 
sioner  Bryant  was  subjected  to  attack  by  politicians  who 
wished  to  rob  him  of  his  powers.  The  attack  was  iniqui- 
tous and  his  friends,  the  engineers,  publicly  voiced  their 
disapproval  of  the  whole  aft'air,  and  with  their  support 
and  that  of  the  ])ress.  Col.  Bryant  retained  his  depart- 
ment. 

In  view  of  this,  there  is  a  feeling  of  deep  dissat- 
isfaction among  the  engineers  at  the  recent  action  of 
the  Commissioner.  He  nuule  the  appointments,  but  he 
is  insisting  too  strongly  on  playing  a  jDolitical  game  un- 
becoming his  office  to  force  his  api^ointments  through 
after  two  out  of  the  tliree  appointees  have  fallen  "con- 
siderably below  the  usual  passing  mark"'  in  their  exam- 
ination before  the  civil  service  commission. 

Commissioner  Bryant  appointed  three  men.  each  rep- 
resenting one  of  the  three  leading  engineering  organiza- 
tions in  the  state.  Mr.  Case,  who  acted  as  chairman  for 
the  license  lommittee  for  the  National  Association  of 
Stationary  Engineers  in  New  Jersey,  was  the  only  one 
to  ]iass,  and  engineers  are  wondering  if  they  must  wait 
until  the  commissioner  railroads  the  other  two  thronch, 
despite  their  failure  to  qualify,  before  the  bureau  begins 
its  work.  There  are  many  engineers  qiuilified  for  these 
positions  who  have  the  time  neces.sary  to  give  to  the 
work.  Let  the  commissioner  select  from  anH)ng  tiiese 
before  the  legislature  repeals  the  law  at  the  coming  ses- 
sion, as  there  is  some  talk  of  doing. 

If    the    American    Society   of    Mechanical    Engineers' 
Code  for  boilers  comes  into  general  use,  it  will  be  possi- 
ble to  tabulate  and  classify  quite  completely,  for  all  will 
be  55,000  pounds  tensile  strength. 
■0. 

Maximum  efficiencies  to  the  engineer  are  like  the  fixed 
stars  to  the  mariner :  though  neither  can  be  touched,  they 
are  invaluable  as  sfuidcs  to  the  ria'ht  wav. 
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111  almost  every  loamiuuity  there  is  the  usual  repair 
shop  where  it  is  alleged  that  all  kinds  of  machines  are 
repaired  by  exjjert  mechanics  with  neatness  and  dis- 
patch. All  too  frequently  these  shops  must  be  called 
upon  by  the  engineer  who  does  not  even  have  a  pipe 
cutter  or  die.  Some  of  their  blundering  mistakes  are 
ludicrous,  to  say  the  least. 

In  a  certain  small  plant  the  engine  was  a  14x36  simple 
Corliss  with  V-guides.  The  engineer  had  the  lower  cross- 
head  shoe  rebabbitted  at  the  repair  shop,  but  the  repair 
man  accidentally  dropped  it  on  the  cement  floor,  breaking 
off  the  lug  for  the  adjusting  screw. 

He  did  not  acknowledge  the  accident  or  take  steps  to 
make  repairs,  but  in  slipping  the  shoe  into  place  he  used 
a  large  washer  under  eacii  jamb  nut,  by  which  the  shoe 
was  adjusted.  As  the  crank  side  of  the  engine  was  near 
the  wall  on  the  dark  side  of  the  room,  the  missing  part 
was  not  noticed  for  several  weeks.  The  repair  shop  refused 
to  furnish  a  new  shoe  for  the  one  broken. 

Some  years  ago  I  was  engaged  as  engineer  at  a  plant 
after  this  same  shop  had  been  doing  some  work  there.  The 
coal  consumed  was  much  more  than  before,  and  the  engi- 
neer, of  course,  was  held  accountable  for  the  e.xcess. 
The  engine  seemed  to  be  working  under  difficulties  and  on 
Sunday,  when  the  steam-chest  cover  was  removed,  the 
cause  was  ap])arent.  The  engine  was  a  15x:50-in.,  liaviug 
one  of  the  old-style  slide  valves.  The  steam  ports  were 
short  and  direct  and  there  was  an  exhaust  port  cored  in 
at  each  end  beside  the  steam  ports  which  led  down  to  one 
common  exhaust  opening  under  the  cylinder. 

Thus,  there  were  two  slide  valves,  one  for  each  end  of 
the  cylinder,  tied  together  by  two  heavy  tie  bolts  having 
right-  and  left-hand  threads  to  permit  tlie  nec-essary 
adjustment.  Each  of  the.se  valves  had  a  long  lap  on 
the  steam  side  and  a  short  one  on  the  exhaust,  but  when 
the  rejiair  man  reassembled  the  combination,  he  put  the 
crank-end  valve  at  the  head  end,  and  iice  versa. 

This  gave  the  engine  practically  no  steam  lap,  while 
the  exhau.st  lap  was  excessive,  though  the  engine  continued 
xo  run  it  required  considerably  more  steam  tlian  before. 
The  back  pressure  was  excessive,  and  about  all  the  jet 
condenser  could  do  was  to  condense  the  steam  witliout 
producing  a  vacuum.  When  the  valves  were  put  in  tiieir 
original  position  and  squared  up,  and  the  eccentric  ad- 
vanced, the  engine  once  more  ran  with  its  usual  ease  and 
quietness,  while  the  fuel  was  nearly  as  much  lower  than 
before  the  engine  was  overhauled  as  it  was  higher  rigjit 
after  the  rejiair  man  left  the  jol). 

On  another  occasion  a  vertical  10x12  engine,  directly 
connected  to  a  ceutrifugai  pum]),  ran  up  to  speed  empty, 
but  with  a  sharp  exhaust.  As  soon  as  the  load  came  on, 
thougii,  the  s])eed  was  so  reduced  that  the  pump  cea.sed  to 
discliarge  water.  On  n-nioving  tiic  steam-chest  cover,  it 
was  found  that  the  cccc-ntric  had  been  so  set  that,  with 
flu.  ongino  on    the  center,   the   \alvc   had    the  nccessnr\' 


amount  of  lead  but  it  was  closing  instead  of  opening, 
and  real  admission  did  not  take  place  until  the  pi.ston 
had  advanced  to  about  half  stroke.  The  only  adjustment 
necessary  was  to  set  the  eccentric  properly. 

A  man  may  be  an  excellent  machine  or  bench  hand 
and  be  entirely  ignorant  of  the  fitness  of  things  pertaining 
to  power-plant  machinery. 

Geokge  H.  Wall.vce. 

K'aciiic,  Wis. 


Owing  to  increasing  the  load,  it  was  necessary  to  take 
out  an  old  gas  engine  and  put  in  a  new  one  of  larger  size. 
The  holes  in  the  bedplates  were  made  to  a  different  tem- 
plet and  some  changes  had  to  be  made  in  the  anchor  bolts 

The  old  brick  foundation  was  raised  about  17  in.  above 
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tlie  Hoor  line.  Tlie  illustration  shows  the  difference  in 
the  templet.'*,  the  lull  lines  showing  tlie  old  and  the 
dotted  lines  the  new  one;  A  refers  to  the  old  bolts,  and 
/>'  to  the  new. 

The  following  method  was  used  to  fasten  the  anchor 
bolts  for  the  new  engine.  The  old  foundation  was  taken 
do\ni  to  th(?  floor  line,  and  the  anchor  bolts  cut  off  about 
•'!  in.  above  and  threaded.  Three  |)ieces  of  2x8-in.  channel 
iron  were  drilled  for  the  old  and  new  bolts. 

Concrete  was  then  poured  on  the  old  foundation  and 
the  channel  irons  laid  in  position  in  it.  over  the  old 
bolts,  with  the  new  bolls  in  their  respective  holes.     The 
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nuts  on  the  old  bolts  were  then  pulled  down  tightly,  the 
new  templet  placed  over  the  ujiper  ends  of  the  new  bolts, 
and  the  new  foundation  built  around  theiu. 

The  two  rear  bolts  DD  came  in  the  old  exhaust  pit, 
so  the  rear  of  the  new  foundation  was  built  up  from 
the  bottom  of  the  exhaust  pit  with  these  two  bolts  an- 
chored as  usual.  Part  of  the  foundation  for  the  outboard 
bearing  had  to  be  rebuilt,  so  that  two  of  the  bolts  could  be 
built  in  the  new  part,  holes  were  drilled  in  the  old  ])art 
for  the  other  two  bolts  to  be  grouted  in. 

The  new  engine  sets  as  solidly  as  if  the  foundation  had 
been  built  up  new  all  the  way  from  the  bottom. 

Earl  Paoktt. 

C'otfevville.  Kan. 


In  operating  comi)otind  engines,  especially  those  having 
receivers  between  the  cylinders,  great  care  should  be  ex- 
ercised to  see  that  the  receiver  pressure  exceeds  that  of 
the  atmosphere. 

There  have  been  numerous  wrecks  of  low-pressure  cyl- 
inders (some  of  them  classed  as  "mysterious")  caused 
by  the  operators  allowing  the  receiver  pressure  to  get  low 
during  periods  of  light  loads  and  the  receiver  trap  not 
operating  on  account  of  excessive  discharge  resistance. 
Considerable  water  would  accumulate  in  the  receiver, 
and  then  when  the  load  increased  the  water  was  thrown 
into  the  low-pressure  cylinder. 

The  remedy  is  to  always  keep  the  receiver  pressure 
higher  than  that  of  the  atmosphere.  This  can  be  done  on 
some  engines  by  shortening  the  cutoff  to  the  low-pressure 
cylinder,  but  if  the  engine  is  not  equipped  with  a  hand- 
regulating  apparatus,  the  pressure  should  be  kept  up  by 
admitting  live  steam  to  the  receiver.  Some  engines  are 
ecjuipped  with  a  combination  vacuum  and  pressure  trap 
which,  if  kept  in  goorl  working  order,  siiould  oliviate  any 
danger. 

John  F.  Hcrst. 

Louisville,  Kv. 


A.  (',.  furren  says,  in  the  June  9  issue,  that  a  little 
vaseline  or  engine  oil  on  a  rag  is  a  good  commutator  lu- 
bricant. That  is  true  in  some  cases,  but  there  are  times 
when  other  methods  of  lubrication  must  be  applied.  In 
fact  no  two  commutators  require  exactly  the  same  treat- 
ment, according  to  my  observation.  For  instance,  in  the 
plant  where  I  am  employed  there  is  one  generating  set 
that  has  been  in  almast  daily  operation  for  six  years,  and 
(luring  that  time  the  commutators  have  never  been  turned 
down  and,  to  my  knowledge,  they  have  never  indicated 
in  any  manner  that  they  were  in  need  of  lubrication.  On 
the  other  hand,  in  the  same  room  there  is  another  set 
working  under  entirely  different  conditions.  The  com- 
mutator speed  is  much  higher,  and  because  of  the  work 
it  performs  the  commutator  becomes  quite  warm.  Vase- 
line, paraffin,  oil  and  everything  else  that  we  thought 
would  prove  beneficial,  were  tried  on  these  commutators, 
but  the  results  were  not  satisfactory.  What  lubricant 
there  was  in  the  brushes  when  new  would  soon  break  out 


and  from  then  on  we  were  continually  applying  some- 
thing to  the  commutator  in  an  ett'ort  to  reduce  the  noise 
and  cutting. 

Finally,  in  th'i  September  26,  1911,  issue  of  Poweii 
was  published  a  letter  from  Mr.  Johnson,  in  which  he 
told  of  using  a  piece  of  flax  packing  as  a  commutator  lu- 
bricant. That  idea  has  saved  us  much  trouble  with  this 
particular  machine,  a   booster  for  charging  batteries. 

By  laying  a  piece  of  flax  packing  on  the  commutator 
it  is  lubricated  and  the  brushes  also  absorb  some  of  the 
oil.  This  we  have  proved  by  taking  the  flax  off  after 
several  hours'  run,  after  which  the  machine  would  then 
run  quietly  for  a  while  without  requiring  further  commu- 
tator lubrication.  After  a  piece  of  flax  has  been  used 
for  some  time  it  will,  of  course,  i)ecome  dry.  We  have 
found  that  kerosene  is  the  best  thing  with  which  to  mois- 
ten it.  The  use  of  kerosene  is  especially  valuable  on  a 
commutator  having  a  tendency  to  run  to  high  mica,  as 
the  kerosene  softens  the  mica  and  cause.-  it  to  wear  down 
as  fast  as  the  bars. 

tT.  (4.  OiBSov. 

\^'ilshilll;■t(lll.    it.   ('. 


Your  editi^rial  on  the  above  subject,  in  the  Aug.  11 
issue,  prompts  me  to  suggest  the  following  compromise : 

Why  not  utilize  the  water  for  power  purposes  six  days 
and  nights  a  week  and  let  the  water  flow  over  the  falls  on 
Sunday.s  for  the  benefit  of  the  tourists  ? 

F.   F.  Phyvesentz. 

East  Otansrc.  N.  J. 


If  ©gift  lFo2=  IBeganaEaers 

hi  his  article  on  "Ileal,  a  Lecture  for  Beginners,"  in 
the  Aug.  4  issue,  Mr.  Bromley  seems  to  fall  into  the 
error  of  giving  definitions  that  tend  to  confuse  the  practi- 
cal man. 

Quoting  from  his  third  paragraph,  we  have : 

Pressure,  of  course,  lias  a  great  deal  to  do  with  heat  and 
temperature  as  related  to  water.  Suppose  we  had  the  1  lb. 
of  water  under  400  lb.  absolute  pressure;  that  is,  the  pressure 
indicated  by  the  gage  plus  the  atmospheric  pressure,  or  15  lb. 
The  temperature  would  be  444.8  deg.  F.  The  pound  of  water 
would   contain    1208   B.t.u.   at  this   temperature. 

The  fact  that  1  lb.  of  water  is  placed  under  400  lb. 
pressure  would  not  cause  its  temperature  to  be  44r4.8  deg. 
F.,  or  any  temperature  other  than  that  which  it  had 
before  being  placed  under  pressure. 

Furthermore,  pressure  has  nothing  to  do  with  heat  and 
temperature  as  related  to  water,  that  is,  the  same  amount 
of  heat  is  required  to  raise  water  1  deg.  F.,  regardless  of 
the  pressure  on  the  water. 

Mr.  Bromley  quite  evidently  did  not  intend  to  convey 
the  idea  this  part  of  his  article  would  lead  one  to  con- 
clude. His  meaning  is  clear  enough  to  one  who  is  ac- 
quainted with  the  subject,  but  to  a  beginner  it  is  likely  to 
be  confusing. 

L.  H.  MoKRis. 

Waco,  Texas. 


Mr.  Morris'  criticism  may  be  true  as  applied  to  a  very 
few  readers.  As  some  readers  may  misinterpret  the  arti- 
cle, or  at  least  that  part  of  it  to  whii-b  Mr.  Morris  refers 
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1  hasten  to  reiily.  Tlie  iiitrodiu-tioii  stated  that  tin-  arti- 
i-le  treated  of  heat  ehietiy  as  reUited  to  boiler  practice. 
Any  niau  abotit  the  jilant  knows  from  observation  that 
water  may  be  under  high  pressure  and  still  not  be 
hot — for  instance,  the  water  in  a  hydraulic  elevator 
system.  Any  fireman  knows,  when  he  pumps  cold  wa- 
ter into  a  boiler  preparatory  to  a  hydrostatic  test, 
that  when  the  pressure  reaches  100  lb.,  the  water  does 
not  ha\"e  a  temperature  corresponding  to  100  lb. 
steam  pressure.  Even  the  housewife  knows  that  she 
cannot  get  hot  water  from  the  cold-water  faticet,  although 
the  city  water  ])ressure  may  be  80  11).  per  sq.in.  Such  facts 
would  indicate  that  l)iit  few  liave  misunderstood  tlie 
autliiir. 

Xcw  York  City.  CiiAifLKs  H.  BiioMLEV. 

;■*■- 

III  the  Aug.  11  issue,  pages  ■>  1  I  and  v'T^.  K.  il.  Mar- 
sliall  compares  the  three-wire  direct-current  system  with 
the  three-wire,  three-phase  system.  It  is  evident  that  he 
is  in  error  in  his  computations  regarding  the  copper  re- 
(uiirements  of  the  system.  If  the  two-wire  system  at  110 
volts  is  assumed  to  require  100  per  cent,  copper,  the  three- 
wire  system  at  220  volts  will  reciuire  371A  per  cent.,  all 
three  wires  being  the  same  size,  while  the  three-phase  sys- 
tem will  be  50  per  cent,  instead  of  75  per  cent.,  as  ilr. 
Marshall  states.     This  is  evident  from  the  following: 

If  /  equals  the  current  for  the  two-wire  system,  the 
( urrent  for  the  three-wire  system  will  be  1/2.  Hence  the 
copper  required  for  each  wire  will  be  in  proportion  to 
the  square  of  this,  or  14  the  co]>per  required  for  each  wire 
in  the  two-wire  system.  With  the  three  wires,  the  total 
requirement  will  be  %  for  the  three-wire  system,  or  'iiy-^ 
per  cent.  Similarly,  in  the  three-phase  system,  the  cur- 
rent will  be  equal  to  -^,  so  that  the  copper  required  m 

each  wire  will  be  e(|ual  to  V:{  of  that  for  each  wire  in  the 
two-wire  system.  Hence,  the  total  recpiirement  will  he 
one-half  of  the  two-wire,  or  50  jjcr  cent.,  instead  of  15 
per  cent,  as  stated. 
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Mr.  Marshall's  conclu.-ions  regarding  the  watts  allowed 
'  the  Underwriters  in  tlie  tliree-phase  system,  are  some- 
«liat  erroneous,  for  it  is  manifest  that  Rule  23.  Section 
"d"  of  the  Underwriters'  rules  rcqrtires  that  not  more 
than  6fiO  watts  shall  be  dependent  upon  one  cutout,  and 
it  is  manifest  that  in  the  three-phase  system  as  shown  in 
Fig.  1  there  are  three  cutouts  on  which  the  circuit  is 
dependent  and  that  the  opening  of  any  one  will  not  cut 
current  enfirelv  off  the  circuit.     ITnnee.  the  Underwriters 


have  alUiwed  currents  of  6  amperes  in  the  main  branche> 
of  circuits  wired  as  in  Fig.  1,  or  a  total  of  11-17  against 
1320  watts  as  allowed  in  the  three-wire,  direct-current 
system,  or  Sfi  ]>er  cent,  as  Mr.  Marshall  stated.  How- 
ever, it  is  seldom  that  lighting  is  done  on  three-pha^ie 
circuits    according:    to    this   method    of   connection,    and 
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the  660-watt  rule  does  not  ajiiily  to  jiolyphase  motors 
wiiere  such  a  metiiod  of  connection  is  ordinarily  u.sed. 
The  accepted  method  of  operating  lights  from  a  three- 
phase  circuit  is  as  shown  in  Fig.  2,  where  .1,  B  and  (' 
are  the  mains  and  the  lighting  circuits  are  at  E,  F  and  G. 
with  cutouts  at  D,.  D.^.  D^,  etc.  Hence,  each  of  the  three 
circuits  E,  F  and  G  may  carry  660  watts,  or  a  total  ol 
lOSO  watts,  or  50  per  cent,  more  than  that  allowed  in 
tile  direct-current,  three-phase  system  advocated  by  Mr. 
Marshall. 

Moreover,  he  has  failed  to  mention  the  real  points  which 
usually  decide  in  favor  of  the  alternating-current  systen<. 
namely,  the  greater  simjilicity  of  the  motors  and  tin- 
greater  distance  to  which  the  alternating  current  can 
be  transmitted  and  the  possibility  of  purchasing  ceiitral- 
stati(ui  jiower  for  breakdown  service. 

1  wish  also  to  take  excejition  to  Fig.  3  in  Mr.  Marshall's 
paper  showing  the  relative  co.sts  of  direct-  and  alternat- 
ing-current motors.  These  are  shown  by  straight  lines, 
which  is  manifestly  inaciiirate,  as  motor  prices  do  not 
varv  according  to  straight-line  curves.  I  sulimit  herewith 
curves,  Fig.  3,  showing  relative  [irices  of  three-phase 
direct-current  and  single-i)hase  motor.s,  as  taken  from  the 
price  forms  of  a  large  motor  manufacturer.  It  is  to  be 
noted  that  the  prices  will  dei>end  entirely  upon  the 
speed,  and  it  is.  of  course,  impossible  to  compare  prices 
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unless  the  speeds  are  approximately  the  same.  This  has 
been  done  in  the  present  case.  All  the  motors  up  to  and 
including  5  hp.  are  at  1700  r.p.m.,  and  those  above  this 
size  are  1150  r.p.m.  It  will  be  noted  that  the  single- 
phase  motors  are  consistently  higher  than  the  direct-cur- 
rent motors,  and  that  the  direct-current  motors  are  higher 
than  the  three-i>hase  motors.  There  is  no  crossing  of  the 
prices  as  indicated  by  Mr.  Marshall,  so  that  three-phase 
motors  are  consistently  lower  in  all  sizes  than  either  direct 
or  single-phase  motors,  and  direct-current  motors  are 
always  lower  than  the  single-phase  motors. 

S.  A.  Fletchek. 
Pittsburgh.  Penn. 

!*} 

tunradleip   Press-ails'© 

It  frequently  happens  that  lead  pipes  conveying  water 
at  high  pressure  are  cut  or  damaged,  causing  much 
trouble  to  make  repairs,  especially  if  the  water  caiiuot  be 
turned  off  readily.  In  this  case,  cut  the  pipe  at  the  leak, 
plug  both  ends  and  place  a  small  pile  of  broken  ice  and 
salt  around  them.  In  a  few  minutes  the  water  in  the  pipe 
will  freeze.  Then  withdraw  the  plugs  and  solder  in  a 
new  piece  of  pipe.  After  thawing  the  ice,  the  job  will  be 
all  right. 

Paul  Xordstkom. 

Hadley,  Alaska. 

I*! 

S^iapiP©2'ftaEa^  tlh®    ID©si^Et!©ir 

It  has  been  correctly  stated,  that  unless  the  designer 
of  a  power-plant  or  engineering  structure  lias  the  full 
support  of  his  employers  to  the  extent  of  carrying  into 
effect  a  logical,  consistent  and  safe  design,  it  were  better 
he  resign  and  save  himself  much  humiliation.  A  man 
competent  to  design  power  plants  should  not  tem]iorize 
on  a  subject  involving  the  success  and  jjcrhaps  the  safety 
of  the  design.  Unless  he  has  the  authority  to  insist  upon 
the  execution  of  a  proper  design,  it  would  be  b(>tTor  he 
quit,  for  it  is  almost  certain  he  will  lie  held  resi)onsible 
for  whatever  design  is  adopted. 

The  faulty,  breeching  connection  described  by  Mr.  Park 
in  the  Sept.  1  issue  (page  31(5)  calls  to  mind  the  ex- 
periences of  a  designer  who  was  engaged  in  the  recon- 
struction of  a  cement  plant.  One  of  the  jobs  was  the 
remodeling  of  the  boiler  plant.  Although  the  designer 
was  fidly  competent  he  had  no  authority  and  did  not 
receive  the  support  due  him.  and  while  liis  drawings  and 
specifications  may  have  been  correct,  there  was  no  assur- 
ance that  the  work  would  be  done  accordingly.  An  in- 
stance in  point  was  in  the  construction  of  some  founda- 
tions for  machinery.  Happening  to  come  up  while  the 
concrete  was  l)eing  jilaced,  he  found  that  the  aggregate, 
which  was  being  measured  by  wheelbarrows,  was  of  such 
amount  as  to  produce  a'l  :  3  :  9  mixture  where  a  1  :  3  :  5 
was  required,  and  the  broken  stone  contained  30  per  cent, 
of  dirt.  Protesting  against  such  construction,  the  de- 
signer was  branded  as  "finuieky"  and  over  pai-ticular. 

The  boiler-house  stack  and  breeching  as  nsed  in  the 
old  plant  were  found  insufficient  for  the  needs,  and  a 
new  stack  and  breeching  were  installed  of  ample  capacity. 
'\^^lile  the  stokers  were  being  installed,  and  previous  to 
the  rebuilding  of  the  setting,  the  designer  left,  which 
fact  did  not  save  him  from  beinsr  criticized  as  being  re- 


sponsible lor  the  poor  detail  at  the  uptakes  (exactly  as 
described  by  Mr.  Park),  although  he  left  instructions 
how  to  jjroceed.  It  would  seem  improbalile  that  a  de- 
signer would  lay  out  the  stack  and  breeching  of  ample 
cajjacity,  and  then  fall  down  on  so  obvious  a  thing  as 
the  necessary  area  around  the  drums  at  the  uptake. 

C.   0.   Saxdstroh. 
Kansas  ('itv.  Mo. 


2Boirmi©<=Madl©  F©®dl='Wa.tt©ir  Inl®site2' 

In  a  \ew  England  hotel  plant,  the  feed  wali'r  was 
kept  at  an  average  of  110  deg.  F.,  and  as  the  plant  was 
equipped  with  some  modern  machine  tools,  including  a 
l()-in.  lathe,  it  was  decided  to  build.  M-ithout  outside  lielp. 
the  feed- water  heater  shown  in  Fig.  1. 

The  body  A  was  a  piece  of  12-in.  cast-iron  pipe  3  ft. 
(i  in.  long.  The  tube  sheets  B  and  B'.  also  cast  iron, 
were  made  a  driving  fit  against  the  shoulders,  and  further 
.secured  by  the  setscrews  T. 

The  holes  in  the  tube  sheet  B  were  countersunk,  and 
when  the  tubes  were  in  place,  the  cavities  were  filled  with 
solder.  Fig.  3,  so  that  the  tubes  were  firmly  secured  at 
one  end.  In  the  other  tube  sheet  B',  the  tubes  were 
made  a  neat  fit,  and  when  the  heater  warmed  up,  the 
coefficient  of  expansion  of  brass  being  greater  than  that 
of  iron,  a  slcam-tight  joint  would  be  formed,  and  at 
this  same  time,  allow  for  the  tube  expansion  and  contrac- 
tion. 


'  Brass  Pip: 


F16.2 
EUD  VIEW  WITH  HEAD 
REri0VED;&H0WIN6  ONE 
Pig   I  0': -ME  TU9E  SHEETS 

CONSTRUOTION    OE    HeATEI; 

The  two  east-iron  heads  llli  were  held  in  place  by  set- 
screws  as  shown,  and  a  rubber  gasket  between  the  heads 
and  the  shoulders  insured  a  tight  joint.  Water  passed 
in  through  C  and  out  through  C".  The  steam  inlet  was 
at  D,  exhausting  through  D' .  A  baffle-plate  E,  secured 
to  the  tube  sheet  B' ,  protected  the  upper  tubes  from  the 
impinging  steam. 

It  will  be  noticed  that  the  steam  inlet  was  piped  in 
close  to  the  tube  sheet  B' ,  thus  warming  up  the  tubes  at 
that  end  before  the  water  was  turned  on  and  forming  the 
steam-tight  joint. 

The  drain  F  leading  to  tlie  feed  tank  was  kept  open 
while  the  heater  was  in  operation.  The  feed  water  en- 
tered the  heater  at  about  110  deg.  and  left  at  an  average 
of  200  deg.  P. 

These  figures  will  give  an  idea  of  how  much  coal  was 
saved : 

Average  consumption  of  feed  water  per  hr.    =    34,500  lb. 
B.t.u.  saved  per  hr.    =    (200  —  100)    X    .34,500   =    3.105,000. 
Equivalent    amount    of    coal    saved    per    lir.    =    3,105,000    -=- 

13,500   =    230  lb. 
Coal  saved  per  24   hours  =  2.76   tons. 

SaMTTEL  J.    EOBINSON. 

Poit  au  Prince.  Haiti. 


October  (i.   ^^.))[ 
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Tlie  editorial  under  the  aliove  caption  in  the  issue  of 
Aug.  28,  mentions  some  of  the  defects  in  the  Indiana 
boiler  law.  There  is,  however,  another  section  not  men- 
tioned which,  I  believe,  make.s  a  dangerous  condition  i)os- 
sible.  It  is  as  follows:  "Sec.  IT.  On  all  steam  line-* 
there  must  be  a  cutotf  valve  placed  in  the  steam  pipe  not 
farther  than  18  in.  from  the  boiler  shell.'' 

"On  all  boilers  installed  on  and  after  July  1,  l!)!:;, 
where  two  or  more  boilers  are  connected  to  the  same 
steam  line  or  main,  the  branch  pipe  to  each  lK)iler  shall 
be  provided  with  two  stop  valves,  one  to  be  placed  near 
the  steam  main  and  the  other  not  farther  than  18  in.  from 
the  .shell  of  the  iwiler.  In  water-tube  and  all  boilers 
carrying  100  lb.  steam  pressure  or  over,  an  automatic 
shutoflf  valve  must  be  placed  between  the  boiler  and  stop 
valve." 

Fig.  1  shows  a  connection  that  conforms  to  the  first 
paragraph;  Fig.  2,  the  construction  required  by  the  sec- 
ond paragrajih  with  a  valve  within  18  in.  of  the  boiler  and 
and  one  near  the  header.     The  law  does  not  require  a 


traps  or  other  arrangements  which  depend  on  the  opera- 
tor, and  the  cost  of  construction  need  be  no  greater.  The 
piping  as  shown  might  be  operated  for  years  without 
trouijle  but,  some  time,  one  might  lose  his  life  from  im- 
{H-oper  operation  of  the  valves.  The  law  sliould  be  so 
amended  that  it  will  eliminate  the  possibility  of  water- 
hammer  at  this  point.  In  boiler  plants  already  installed, 
traps  and  drains  may  be  ])ermissible,  but  all  new  work 
siiould  be  self-draining.  This  cannot  be  done  under  tb<' 
])resent  Indiana  law. 

.1.  0.  IIawkixs. 
livattsville,  Md. 


As  quite  a  number  of  plants  in  this  country  use  the 
vacuum  ash-handling  system,  the  following  points  ob- 
tained from  several  years'  experience  may  be  of  interest: 

One  system  at  first  had  no  dust  collector;  it  was  put 
in  later,  only  to  be  taken  out  as  the  fine  ash  mixed  with 
moisture    clogged  u])  all   the  openings  in  the  separator. 
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drain  valve  in  cither  case.  If  the  boiler  is  to  carry  over 
TOO  11).  pressure  there  must  be  an  autonuitic  shutolf  vahe 
between  the  boiler  and  the  stop  valve.  This  would  either 
require  three  valves,  or  the  substitution  of  the  automatics 
valve  for  one  of  the  stop  valves,  which  is  practicable.  Fig. 
.3  shows  the  same  kind  of  connection  where  the  head 
room  is  limited,  and  the  branch  must  be  nearly  horizontal. 

If  a  drain  pii)e  is  connected  above  the  valve  and  used 
])roperly  every  time  the  boiler  is  put  into  service,  there 
is  but  little  chance  for  damage  from  water-hammer.  Safe- 
ty laws  are  made  to  eliminate  dangerous  conditions  so 
far  as  possible,  but  if  they  do  not  prevent  dangerous  con- 
stnirli(,n  or  operation,  what  are  they  good  for?  Since 
the  law  ill  qucsti(Ui  does  not  require  a  drain,  a  contrac- 
tor would  be  within  the  law  in  omitting  it. 

For  several  years,  T  had  charge  of  a  plant  with  tiie  i)oil- 
ers  connected  as  shown  in  Fig.  1,  with  a  drain  valve  just 
above  the  stop  valve.  On  one  or  two  occasions  the  drain 
was  not  opened,  and  from  the  noise  of  the  water-bamnicr. 
I  thought  that  a  boiler  had  e.\i)lo(led. 

In  another  case,  a  horizontal  branch  bail  a  \n]\v  on 
each  end,  but  no  drain;  the  stop  valve  on  the  boiler  was 
burst  by  water  in  the  line.  Water-hammer  is  dangerous. 
Every  means  should  be  taken  to  ])revent  it  and  (lie  ]iip- 
ing  .so  arranged  that  no  pockets  of  water  can  lie  formed. 
This  would   do  awMv  with   the  neccssilv   for  IkiimI   draio. 


causing  its  colhiiise.  The  niaiigani'se  wt'aring  backs  of 
the  elbows  last  about  three  months  by  turning  them  end 
for  end  after  six  weeks'  wear.  The  extra-heavy  steel 
ash  pii)e,  fitted  with  standard  flanges,  flush  and  faced  at 
the  ends,  would  last  six  months  on  a  horizontal  run  if  it 
were  turned  one-half  way  anuind  after  three  ni(Uiths" 
wear,  so  as  to  ex]K)se  a  lU'W  surface  lo  the  action  of  the 
ash. 

iiut    of    the    combustion    chandler    i> 
d(uii'  oidv  bv   mixing  with  tlu'  hot 


Cleaning  red  ash 
dilliodt,  and  can  be 
f\irnace  ash. 

After  two  or  three  years'  use 
ash  daily,  the  exhauster  blower 
in  efliciencv,  due  to  the  wearint 


in  haiKlliii;;'  20  tons  of 
will  begin  to  depreciate 
action  of  the  ash  dust. 


The  life  of  the  blower  can  lie  prolonged  a  year  or  two  by 
using  a  doi)c  of  lircday.  old  pulverized  magnesia  pi])e 
covering  and  a  cheap  axle  or  cu|)  grease.  This  mixture 
is  adnntted  to  the  suction  side  of  the  machine,  as  closely 
as  |iossililc  while  it  is  in  o])eration.  so  that  it  will  fill  the 
iinihily  worn  clearance  spaces. 

At  times  the  line  ash  dust  will  so  ilioke  the  macliiiie 
as  to  render  its  operation  impossible.  Then  a  liberal  use 
of  kerosene  in  the  suction  will  remedy  matters,  aftei' 
which  it  will  be  necessary  to  use  more  of  the  mixture. 

1  have  found  it  advisalile  to  remove  the  suction  nozzle 
liipiti   the  machine  once  a  vear  because  it    fills  with   a  di'- 
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posit  that  interferes  witli  the  eapaiMty  unless  renioveil. 
On  account  of  the  comparatively  low  vacnuni  carried  on 
the  system  it  is  hard  at  times  to  locate  such  troubles  Ijy 
gage  testing. 

A  few  years  ago,  after  the  first  system  of  piping  showed 
signs  of  wear,  it  was  concreted,  using  the  pipe  as  the  in- 
ternal form.  This  pipe  lasted  about  a  year,  with  a  lot 
of  patching,  but  it  had  to  he  replaced.  The  work  en- 
tailed in  removing  the  concrete  offset  any  advantage  that 
could  be  gained  by  its  use. 

Louisville,  Kv.  .Ions    F.   IIikst. 


We  have  a  (i-in.  well  .')>'()  ft.  deej).  Tlie  water  comes 
within  31)  ft.  of  the  top  and  we  use  an  air  lift  for  raising 
it.  The  end  of  the  1-in.  air  line  was  plugged,  and  in 
about  3  ft.  of  it  there  were  drilled  ,V-iii-  ^w\vi^.  This  pipe 
extended  136  ft.  into  the  well. 

The  pumps  were  run  only  long  enough  to  till  the  tanks, 
but  one  evening  we  failed  to  get  water.  Fsually,  60  lb. 
of  air  was  sufficient,  i)iit  80  lb.  failed  to  raise  it,  and  this 
was  the  limit  of  air  pressure  we  could  get. 

We  pulled  the  air  line  out  and  found  the  jjerforated 
section  entirely  covered  with  lime.  All  new  pipe  was 
then  put  in  and  about  36  ft.  added.  The  holes  in  the 
perforated  .section  were  made  Vs  instead  of  iV  i°-  ^ 
would  like  to  know  if  this  is  a  common  occurrence,  as  it 
is  the  first  time  it  has  happened  here.  The  well  had  not 
been  opened  in  l-t  years  before  this. 

.Tulietta,  Ind.  .Viiriin;  V.  Lacv. 


A  new  high-speed,  four-valve  engine  was  recently  in- 
stalled in  a  Washington  plant.  The  engine  was  given 
a  factory  test  before  shipi)ing,  the  cylinder  lubricator  con- 
nections were  left  intact  when  the  engine  was  shipped  and 
the  oil  pipe  from  the  lubricator  entered  the  vahe  chest  on 
top.  as  shown  by  the  full  lines  in  the  sketch. 


|jp5=^3(=; 
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Okigikal  and  Changed  Lubhicatou  Piping 

The  engine  was  assembled  and  started  up,  but  trouble 
was  had  from  the  first  by  the  seeming  inability  of  the 
valves  to  get  enough  oil.  After  a  few  weeks'  run  they 
\\-ere  found  so  badly  cut  in  places  that  they  were  returned 
to  the  factorv',  their  appearance  warranting  the  belief  that 


jilciity  of  oil  was  getting  to  them  but  that  it  was  not  be- 
ing properly  distrii)Ute(l. 

It  was  then  decided  to  introduce  the  oil  into  tlie  steam 
pipe  at  the  point  shown  in  the  sketch  by  the  dotted  lines. 
This  was  done  on  the  theory  that  the  oil  would  have  more 
opportunity  to  mix  with  the  steam  before  reaching  the 
valves,  thus  ol)taining  better  distribution.  To  aid  the  mix- 
ing of  the  oil  with  the  steam  the  jiipe  extending  into  the 
steam  pipe  was  ])erforated  with  small  holes  and  plugged 
at  the  end. 

The  results  of  the  change,  after  several  months'  trial, 
are  satisfactory,  with  no  more  trouble  in  securing  a  distri- 
bution of  oil  o\cr  the  interior  surfaces  requiring  lubrica 
tion. 

Wasliiiigton,   I).  ('.  H.  (i.  (linsoN. 


M.Sic]}^  for  FacMixag 

P]ngiiicei's  and  oilci's  somclimcs  lui\e  trouble  when  iicw 
packing  is  needed  at  once  on  the  piston  loiK  of  pumps  or 
engines.  Some  piston  ])acking  comes  in  s])nal  toim  and 
is  usually  kept  loose  in  a  box  or  in  a  bench  drawei.  all 
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CoNM  MKX'r  Kack   i'oi;  Simiial  Packing 

mixed  together.  When  a  lew  rings  are  required  in  a 
hurry  the  proper  size  cannot  be  readily  found;  it  is  gen- 
erally at  the  bottom  of  the  tangle. 

A  rack  board,  made  as  shown  in  the  illustration,  was 
found  convenient  for  the  purpose.  Holes  were  bored 
in  a  2x4-ft.  board  A,  and  wooden  pins  driven  into  them. 
The  pins  were  turned  to  compare  with  the  diameter  of  the 
different  engines  and  pumj)  piston  rods.  Above  each  stud 
a  label  was  pasted  to  imlicate  the  nature  of  packing. 

The  packing  was  wound  around  the  pins,  as  shown, 
with  the  inner  end  fastened  to  the  stud.  When  a  ring 
was  required  it  was  only  necessary  to  twist  the  packing 
tight  on  the  pin  and  cut  as  shown  by  the  dotted  line  V. 
with  an  allowance  for  taking  up  with  the  glands. 

To  render  this  easier  and  have  a  standard  length  in 
packing  rings,  the  wooden  studs  were  turned  a  trifle 
smaller  in  diameter  than  the  rod  in  question  to  allow  for 
the  expansion  of  the  packing.  This  difference  varies  for 
different  packing  and  sizes,  and  can  be  tried  out  on  the 
rod  itself. 

Under  each  packing  pin  the  wrench  is  hung  for  the 
gland  nuts  of  that  particular  size  packing.  The  pins  can 
be  arranged  as  shown,  with  the  larger  diameter  packing 
first,  and  so  on  down  to  the  .smallest  size. 

Xew  York  Citv.  -T.  A.  LrcAs. 
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Overload     of    a     Boiler — What     is     meant     by     operatins    a 
boiler  with   25   per  cent,   overload? 

W.    S.    H. 

That    the    evaporation    is    25    per    cent,    in    excess    of    the 
rated  capacity  of  the   boiler. 


Calorifle  Value  of  Fuel  Oil — What  is  the  calorific  value 
of   fuel   oil? 

C.    F. 

American  fuel  oil  as  flred  has  a  calorific  value  of  about 
16,000  to  19,500  B.t.u.  per  lb.,  varying  with  the  locality  and 
the    percentage    of   water   contained. 


Feediniu;  and  Firing  While  Blowinit  Down — What  damage 
would  result  to  a  boiler  by  continuing  the  firing  or  running 
the   feed    pump   while    blowing    down? 

J.    B. 

There  should  be  no  damage  resulting  to  a  boiler  from 
continuing    the    feeding    and    firing    while    blowing    down. 


Shape  of  Iron  Tank  BottoniN — Why  are  the  bottoms  of  iron 
tanks   made    conical    or   hemispherical? 

S.    W. 

For  greater  strength  of  the  bottom  when  the  tank  is  sup- 
ported around  the  sides,  this  method  of  supporting  iron 
tanks  being  desirable  as  it  admits  of  ready  access  to  the 
joints   for    calking. 


KunninK  Smoothly  Without  fompresxion — Is  it  possible 
for  a  simple  slide  valve  engine  that  is  making  IftO  turns  per 
min     to    run    smoothly    without    compression    of    the    exhaust? 

D.  W. 

It  is  possible  by  obtaining  cushioning  effect  with  lead 
and  by  having  the  bearings  in  good  condition  and  the  con- 
necting   rod   brasses    skillfully   adjusted. 


Water  Rate  of  Turbo-Generator  Set — How  is  the  water 
rate   per  kilowatt-hour   of  a  turbo-generator  set   determined? 

E.  C.  S. 

The  water  rate  is  usually  found  by  determining  the 
weight  of  the  condensate  of  the  steam  used  during  a  stated 
period  and  dividing  the  number  of  pounds  per  hour  by  the 
actual    kilowatt    output    per    hour   during   the    same    period. 

('ruMhine  strength  of  Plate — In  formulas  for  strength  of 
riveted  joints,  what  is  meant  by  "crushing  strength  of 
plate?" 

K.    W.    S. 

The  term  "crushing  strength  of  plate"  refers  to  the 
strength  of  the  material  to  resist  crushing  from  the  com- 
pressive force  which  results  from  transmitting  a  shearing 
dtress   to   the    rivets. 


neHlioiatiUK  the  UeBreed  of  KlbotvH — As  45  deg.  is  only 
one-halt  of  ilU  dig.,  why  is  a  45-deg.  elbow  so  called  when 
the  actual  angle  of  the  elbow  is  90   +   45,  or  135  deg.? 

G.   K. 

Elbows  are  designated  according  to  the  number  of  de- 
grees which  they  deflect  a  pipe  line  from  a  straight  line, 
and  not  by  the  number  of  degrees  contained  by  the  angle  of 
their  axes.  There  arc  thus  30-.  45-,  fiO-  and  yo-deg.  elbows. 
A  coupling  would  be  0,  and  a  return  bend  Is  often  designated 
a    li-O-deg.    elbow. 


I'rrNervinK  I'roper  Lrnicth  of  C'onnectInK  Hod — In  taking 
up  the  wear  of  connecting  ro<l  brasses,  what  must  be  done  to 
keep  the   rod   the   proper  length? 

F.    K. 

In  taking  up  the  wear,  the  rod  becomes  longer  or  shorter 
according  to  the  method  employed  for  tightening  the  brasses 
and  to  compensate  for  the  reduction  of  the  thickness  of  the 
brasses  from  wear,  and  preserve  a  length  of  rod  which  will 
give  proper  clearance  between  the  piston  and  ends  of  the 
cylinder,  shims  consisting  of  thin  sheets  of  metal  are  to  be 
placed   behind   the  brasses. 


Kfleet  of  AdvanriUK  Kccentric— What  effect  has  advancing 
the  eccentric  on  the  power  that  can  be  developed  by  a  single 
'■'•lentric    Corliss    .  iiglni-? 


With  normal  adjustment  of  the  valve  gear,  it  has  the 
effect  of  reducing  ihe  power  which  the  engine  is  capable  of 
developing,  as  advancing  the  eccentric  shortens  the  max- 
imum cutoff  at  which  the  valve-gear  can  operate,  hastens 
the  release  by  earlier  opening  of  the  exhaust  and  increases 
compression  by  earlier  closure  of  the  exhaust,  all  of  which 
reduce  the  maximum  m.e.p.  capable  of  being  developed  with 
a    given    initial    pressure. 


Placing  Ensine  on  tenter  by  Leveling  v!t.  TrnmininK — 
Whicli  is  the  more  accurate  method  of  placing  a  horizontal 
engine  on  a  dead  center,  by  applying  a  machinist's  level  to 
one   end   of   the   connecting  rod,   or  by  tramming? 

J.    F.    F. 

The  method  of  tramming  is  more  accurate,  because  ac- 
curacy in  determination  of  the  dead  center  by  use  of  a  level 
depends  on  truthfulne.=s  of  level  of  the  center  of  the  shaft 
with  the  crosshead  pin,  parallelism  of  connecting  rod  center 
line  with  the  part  of  the  connecting  rod  which  is  used  to 
support  the  base  of  the  level,  the  accuracy  and  sentitiveness 
of  the  level,  and  personal  error  in  observing  the  indications 
of  the  level  bubble,  any  of  which  is  more  likely  to  be  a 
source  of  greater  error  than  the  accumulation  of  errors  from 
ordinary  care  in  determining  the  dead  center  position  of 
the  crankpin  by  tramming. 


Height    of    Injector    or    Siphon    t'oudenser — Why    must    an 
injector   or   siphon    condenser   be   34    ft.   above   the  level    of  the 

tail   water? 

L.  A.  H. 
The  height  of  the  column  of  water  between  the  con- 
denser and  hotweli,  or  tail  water,  must  be  as  great  or  greater 
than  that  which  atmospheric  pressure  will  supi)ort  with  a 
given  vacuum,  so  that  the  constant  supply  of  condensing 
water  will  produce  a  continuous  downward  flow.  With  a 
perfect  vacuum,  atmospheric  pressure  will  support  a  column 
of  "solid"  water  nearly  34  ft.  high  and  higher  if  the  water 
is  rarifled  by  the  presence  of  air.  To  insure  a  continuous 
ilownward  discharge  of  the  condensing  water  and  to  prevent 
it  from  being  carried  over  to  the  exhaust  with  a  perfect 
vacuum,  the  condenser  must  be  placed  at  least  34  ft.  above 
the  level   of  the  hotweli  or  tail  water. 


Size  of  Steam  Pipe— Neglecting  drop  in  pressure  due  to 
friction  or  condensation  and  allowin,g  a  velocity  of  5000  ft. 
per  minute,  what  diameter  of  pipe  would  be  required  to  supply 
G500  Ih.  of  steam  per  hour  at  a  gage  pressure  of  70  lb.? 

M.    S. 

The  volume  of  a  pound  of  steam  at  70-lb.  gage  pressure  or 

70    +   14.7    =   84.7  lb.  absolute, 

would    be   between    the   volume   of  a  pound   of  steam   at   84    lb. 

per   sq.ln.    absolute   and    85    lb.   absolute.      According    to    Marks 

and    navis   steam    tables,   the   volume   of   a    pound    of   steam   at 

S4  lb.  absolute  is  5.22  cu.ft.,  and  at  85  lb.  absolute  the  volume 

is  5.16  cu.ft.      Interpolating  between   these  values,    the   volume 

of  a  pound    (wt.)    of  steam   at   84.7  lb.  absolute   is   found   to  be 

5.22  —   r(5.22  —  5.1B)    X    (84.7  —  S4)] 

6.22  —  (0.06    X    0.7)    -    5.178  cu.ft. 
To   supply    6500    lb.    per    hour    would   require    a    How    at    tho 
rate  of 

6500 

iz    108.3.1   lb.   per   rnln. 

60 

108.33    X    5.178   cu.ft.    per   mIn.. 
and   the  cross-sectional  area  of  a   pipe  required   for  that   flow 
with  a  velocity  of  5000  ft.  per  mIn.  would  be 

108.33_X_^^    ^    ^,^,^   ^^^^^    ___.    ,^  ,^   ^,^,„ 

5111)0 
Hence  the  siz.    nf  \h>-  pipe  .should   be 

|ii;.i:i 

-   =    4.53   In.  diameter, 
,0,7854  ,      ^ 

or  practkiiUv  a   4'/: -In.  steam  pipe   wouhl   1m-   reiiulred. 


j; 


[Correspondents  sending  us  Inquiries  should  sign  their 
communl«atlon»  with  full  names  and  post  oHlce  addresses. 
This  Is  necessary  to  guarantie  the  good  faith  of  the  communi- 
cations and   for   the  lii.|iilrles   to  receive  attention.— K1>IT(1R.1 
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Last  Lesson  8  AxswKifs 

l.'il.     Ill  equation   (78)  it  was  shown  that  the  aicelei- 

atiou  with  wliieh  a  point  is  drawn  toward  the  center  of 

V- 
a  rotating  body  is  -p-.  where  1'  is  the  linear  veloeitv  of 

the  point,  located  R  feet  from  the  center  of  rotation.  In 
this  ease  the  linear  velocity  of  a  point  on  the  rim  of  the 
wheel  is  2  X  3.1416  X  5  X  100  =  3]41.(i  //.  /»■/•  win.  or 
52.36  ft.  per  sec,  since  the  radins  of  tlie  rim  is  ■>  ft. 
Therefore,  the  acceleration  is 

(52.36)2        .,^.,,., 

a  = --^—  =  oib.'i  ft.  per  scr.  per  yrr. 

5 

\:i2.     The  weight  of  the  rim  may   lie  foiiml    l>y   the 
method  explained  in  problem  (128),  thus 


^^^8_Xj^X3ol.O^^.^ 


;3()  ii>. 


1728 

The  weight  per  inch  length  of  rim  is  equal  to  the  total 
weight  of  tlie  rim  divided  by  the  circumference  of  a 
circle  whose  diameter  is  the  mean  diameter  of  the  rim. 
Let  «•  =  the  weight  in  pounds  per  inch  lengtli  of  rim. 

then  M'  =  f„^,    ,,  1  =  20.8  lb.,  and  the  centrifugal  force 


^351 . 0 1 
per  inch  length  of  rim  is 


gR 


,  where  F  is  the  linear  ve- 


locitj'  of  the  point,  located  R  feet  from  the  center  of  ro- 
tation, and  equals 

3.1416  X   (9^  ft.)   X  Y/  =  ^^-8-  //•  /"''■  •^•«c- 
Therefore  the  centrifugal  force  per  inch  of  rim  is 
20.8X48.87X48.87  ^ 
32.16  X(4f/7.)  "       '• 

133.    The  presstire  on  the  bearings  is  equal  to  the  cen- 
trifugal force  of  the  unbalanced  weight  of  5  lb.     From 

W  F2 
equation  (T!))  the  centrifugal  force  is  — 5-,  where  IF  = 

5  lb. :  T^  =  the  velocitj'  of  the  weight  in  feet  per  second 
=  ^0-  X  3.1416  X  3  =  235.6  ft.  and  R  =  the  radius  of 
gyration  =  1.5  ft.  Therefore,  the  centrifugal  force  is 
6  X  235.6  X  235.6 


Q 


=  5753  IJj. 


32.16  X  1.5 

which  gives  the  excess  pressure  on  the  bearings.  This 
high  speed  was  assumed  to  show  the  great  strain  that 
comes  on  the  bearings  supporting  a  shaft  that  holds  an 
unbalanced  wheel  of  any  sort. 

134.  Assume  only  the  weight  of  the  balls  A  and  B.  In 
Lesson  IV,  Fig.  15,  it  was  shown  that  there  are  three 
forces  acting  on  the  ball  A,  and,  as  these  forces  are  in 
equilibrium,  they  may  be  represented  by  the  sides  of  the 
triangle  ^'FG^/Fig.82,  where  the  sideiT  is  the  weiglit 
of  the  ball ;  the  side  OF  the  centrifugal  force  C  \  and  tlie 
side  GE  gives  the  tension  in  the  supporting  link.  This 
force  triangle  has  its  sides  respectively  parallel  to  the 
triangle  OMAO,  Fig.  81,  and  therefore  the  two  triangles 
are  similar.    Hence 


ceiifri/Hf/fd  force  C 
we  i  (J  lit   11 

II  I' 


\  _  /side  AM\  _  R 
J  ~  [side  OM)  ~  U 


and  as  (J  =      -  ,,-,  it  follows  that 


in-' 


R        V' 
=   ^,  or    - 


A' 2 
H 


W  W 

This  equation  shows  that,  neglectiiu/  the  friction,  the 
action  of  the  Hyball  governor  is  inde])cndent  of  the  weight 
of  the  ball.  The  velocity  7  =  2  X  3.1416  X  ^  X  A"  ft- 
per  sec,  where  N  =  the  revolutions  per  second,  hence, 
(2  X  3.1416  X  /?  X  ^V)^  ^  R^  y.,  ^  0.815 
32.16  "   H  °^"-  H 

But  H  =  OA  cos  30  deq.  =  1.5  ft.  X  0.866  =  1.299  ft. 
Therefore, 
0.815 
1.299 

135.     If  the  angle  0AM  is  20  deg.,  then 
//  =  1..-5   X  cos  20  deg.  =   1.5  X  0.94  =   1.41  ft.  and 


N^  = 


0.815       0.S15 


H  1.41 

The  reduction  in  sot 


=  0.58,  or  JV  =  (1.76  rev.  per  sec. 

=  46.6  r.p.iii. 

■d  =    (ll.l  —  45.6)    =    1.8  r.p.ni. 


.Mectiaxics  of  Belting 

One  of  the  common  questions  raised  in  the  power  plant 
and  in  the  shop  is:  What  size  belt  shall  be  used  to  trans- 
mit a  given  horsepower !' 
This  may  be  answered  by 
the  application  of  the  prin- 
ciples of  mechanics  out- 
lined in  the  previous  les- 
son. Thus  the  force  of  fric- 
tion between  two  bodies  is 
deiiendent  upon  the  normal 
]iressure  and  the  coefficient 
of  friction.  In  the  ca.se  of 
a  belt  this  force  of  fric- 
tion tends  to  change  the 
tension  in  the  two  sides  of 
the  belt. 

In  Fig.  83,  if  a  belt  be 
stretched  over  the  two  pul- 


FiG.  82 


leys  A  and  B  (assumed  idle)  and  spring  balances  be  placed 
on  the  top  and  bottom  sides  of  the  belt  it  will  be  found 
that  these  balances  will  register  approximately  the  same, 
tension  I.  Now  if  the  pulley  A  be  put  in  motion,  it  is  a 
matter  of  experience  that  the  lower  or  driving  side  of  the 
belt  will  tend  to  lengthen  and  as  a  result  the  upper  side 
will  become  slack.  Stated  in  other  words,  the  tension 
in  the  driving  side  increases  and  the  tension  in  the  slaik 
side  decreases.  This  difference  in  the  tensions  is  due  to 
the  force  of  friction  acting  between  the  belt  and  the  face 
of  the  pulley.  In  Fig.  84  let  the  pulley  A  be  the  driver 
and  the  pulley  R  the  follower.     Let  T,  be  the  tension  in 
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the  tight  or  driving  side  of  the  belt  and  T,  be  the  tension 
in  the  slack  side.  Let  a  =  the  are  of  contact  between 
tlie  belt  and  the  face  of  the  smaller  pulley  B,  expressed  in 
radians;  and  let  /  =  the  coelHcieut  of  friction  of  the  belt. 
By  the  aid  of  higher  mathematics,  it  may  be  shown  that 
the  relation  between  the  tensions  of  the  tight  and  slack 
sides  of  the  belt  is  expressed  by  the  equation 

Jorje  (J^)  =  f  X  a  (81) 

where  e  is  the  Naperiau  base  of  logarithms.  This  equa- 
tion may  be  expressed  in  simpler  form  by  changing  the 


Naperian  to  the  common  logarithm  from  the  fact  that 
the  common  log.   =   0.4:54   X   the  Naperian  log,  hence, 

%io(pJ  =0.4:54/ X«  (8-2) 

which  may  still  further  be  simplified  by  inserting  in  place 
of  a  radians  its  equivalent  value  in  degrees.  Let  N  = 
the  ratio  of  the  arc  of  contact  to  the  I'ircumfereuce  of  the 
smaller  pulley.  If  there  are  a  radians  in  the  arc  of  con- 
tact, then  iV  =  zt:;  or  a  =  2ttN  (since  there  are  2it  radians 

in  the  circumference  of  a  circle).  This  ratio  N  might 
also  be  found  by  dividing  the  arc  of  contact  in  degrees  by 
360  (the  number  of  degrees  in  the  circumference  of  a  cir- 
cle). Now  substituting  the  value  of  a  =  2-ir  N  in  equa- 
tion (82),  there  results: 


%ioUr) 


=  0.4:34  X  /  X  -2  -  X  y  =  x'.?:)  fy 


(8:3) 

If  the  distance  between  tiie  pulleys  is  large  and  the 
diameters  are  nearly  the  same,  then  N  will  equal  apjirox- 
imately  0.5.  Under  average  conditions,  the  coefficient 
of  friction  /  will  equal  about  0.:5  so  tliat 


%i, 


T, 


=  2.7:5  X  0.3  X  0.5  =  0.400 


and   from  a   tabic,   tlic   \aliic  nf   lug    (71')  i^  found  to 

be  approximately  2.5.  Tlie  effective  driving  effort  /', 
exerted  l)y  the  belt  will  be  tiie  difference  between  the  ten- 
sions in  the  tight  and  slack  sides  or, 

P  =  r,  —  r.,  (84) 

If  the  velocity  of  the  belt  is  V  feet  per  minute,  then 
tiic  work  done  in  foot-pounds  per  minute  will  equal 
/'  X  V  (force  times  distance)  and  the  iiorse|Kjwer  trans- 
mitted by  the  belt  will  be  given  by  the  equation, 

*^-  =  '^^>  («^) 

Example — A  single  leatiier  belt  {'i  in.  thick  is  capable 
of  standing  about  400  lb.  ])er  sq.in.,  so  that  for  every 
inch  of  width  a  working  tension  of  400  X  rhj  or  (52  lb., 
may  be  placed  on  the  licit.  Derive  a  simple  rule  for  the 
horsejiower  transmitted  by  a  single  belt. 


Solution — Assuming  an  arc  of  contact  of  180  deg.  and 

a  coefficient  of  friction  =  0.3,  the  relation  between  jT, 

T 
and  T^  will  be  as  previously  found,  namely,  ^  =  2.5,  or. 

T^  =  0.4  T^.    The  effective  driving  effort 

P  =  (Ti  —  T2)  =  (Ti  —  0.4  Ti)  =  0.()  T^ 
Now  the  allowable  pull  is  62  lb.  per  in.  of  width  so  that 
the  effective  pull  is 

P  =  0.6  Tj  =  0.6  X  63  =  37.2  lb.  per  in.  width  of  belt. 
One  horsepower  =  33,000  ft. -lb.  The  work  done  l3y  the 
belt  equals  P  V  ft.-lb.  per  minute  so  that  the  velocity  re- 
quired of  a  single  belt  1  in.  wide  to  deliver  1  horsepowei 


must  equal 


33,000 


„^  ,,    or  885  ft.  per  min. 

The  above  prol)lem  is  the  basis  for  the  commonly  ac- 
ce23ted  rule  that  a  single  leather  belt  traveling  at  900  ft. 
per  min.  unll  tran.'<niit  one  horsepower  for  every  inch  of  its 
width.  Theoretically,  a  double  belt  will  transmit  twice 
the  horsepower  of  a  single  belt  but  actually  it  will  only 
transmit  about  1.4  times  as  much. 

Study  Questions 

130.  The  distance  between  the  centers  of  two  pulleys, 
18  in.  and  30  in.  in  diameter,  is  10  ft.  Find  the  arc  of 
contact  on  the  smaller  pulley,  assuming  an  open  belt. 

137.  If  the  coefficient  of  friction  is  0.3,  find  the  rela- 
tion between  T,  and  T.,  in  the  above  problem. 

138.  If  the  smaller  pulley  makes  300  r.p.m.,  find  the 
horsepower  transmitted  by  a  belt  5%  in.  thick  and  12  in. 


Fig.  84 

wide,  asuming  tliat  the  licit  is  good  for  (50  lb.  per  in.  dl" 
width. 

13!).  A  belt  is  traveling  at  the  rate  of  2700  ft.  per  min. 
Find  by  the  approximate  rule  the  horsepower  transmitted 
by  a  single  belt  15  in.  wide. 

140.  If  a  double  belt  wci'c  used,  wluit  would  lie  flu- 
horsepower  transmitted  'f 

A  HiKh  Doilfr  Pressure  is  to  be  carried  on  the  battleship 
"Nevada."  ju.st  launched — 295-lb.  gage.  Oil-fired  Yarrow-typi- 
bollors    win    be    used. 

i;i«'i'tri<'  WelilliiK — It  v,HB  reported  at  a  recent  nieitinfj:  oT 
the  Ohio  Society  of  Mechanical,  Electrical  and  Steam  Engi- 
neers that  In  repairing  cracks  in  the  side  sheets  of  locomo- 
tive fireboxes  .a  sulistantial  saving  had  been  effected  by  the 
use  of  an  electric  welding  apparatus.  The  co.st  of  weldin^i 
forty  cracks  of  various  lengths  was  only  $6. fin.  against  an 
estimated  cost  of  $1400  for  replacing  the  injured  sheets. 

Si 

An  Amnlenni  is  an  alloy  of  metals,  one  of  which  Is  always 
mercury.  Mercury  has  the  power  of  dissolving  almost  all 
other  metals  and  mixing  with  them.  It  is  much  used  in 
separating  gold  and  silver  from  other  ores.  Among  the  nu- 
merous amalgams  arc:  Tin  amnlgam,  for  silvering  mirrors; 
gold  and  sliver  amalgam,  for  gilding  and  slivering;  cadmium 
and  copper  amalKam,  used  in  dentistry,  etc.  Some  are  solid 
while  other.-)  arc  liiiuld.  Mercury  can  be  distilled  off  from 
most  amalgams  by  l)eatinK  Ihein  in  retorts.  It  is  In  this  way 
that  gold  and  sliver  arc  recovered   from   their  amalgams. 
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OVER  THE  SPELE^WAY 

JUST  .TESTS,  J  A  B  .S,  J  O  S  H  E  S  A  X  n   ,1  r  .M  B  I.  E  S 


A  pointer!  "Don't  point  at  anything  electrical,"  admon- 
ishes the  Rochester  Ry.  &  Light  Co.  And  there  is  a  large 
illustration  posted  for  its  employees,  showing  how  to 
point — away  from  the  apparatus.  Another  pointer:  Don't 
point   at   alll 


"Sfade  in  America!"  Can  we  make  this  slogan  heard  all 
over  the  world?  Looks  as  though  we  could  if  our  manu- 
facturers and  exporters  properly  steer  the  Industrial  boat  in- 
stead of  rocking  it. 


By  W.  6.  Websteii 

The  report  blanks,  Figs.  1  and  2,  are  used  by  a  large 
power  system  having  several  plants.  They  can  be  adopted 
by  any  power  station  prod-ueing  electrical  energy.  Fig. 
3  is  a  form  of  report  sheet  for  prodiicer-gas  power  plants 
which,  by  making  a  few  changes,  can  also  be  used  in  any 
size  plant. 

The  daily  report  sheet  for  the  power  station  is  applic- 
able to  almost  any  station  generating  electricity,  either 
alternating,  direct  current  or  both.     Space  is  provided 


Three-thousand  pound  angels  are  being  raised  at  the  Ex- 
position grounds — by  a  locomotive  derrick  having  its  boom 
extended  by  a  66-ft.  spar  to  a  radius  of  106  ft.  Even  angels, 
bronze  ones  anyhow,  are  glad  to  have  old  man  Steam  give 
'em  a  lift. 


The  Pennsylvania  R.R.  has  170  ranking  officers,  163  of 
whom  started  in  sweeping  out.  carrying  water — doing  chores. 
And  142  of  these  men  have  been  over  20  years  with  the  road. 
It  pays  to  stick  when  the  sticking  is  good.  Rut  pick  a  good 
place  to  stay  stuck. 


HORAN — There's  an  outrageous  lot  of  liars  these  days, 
Dinny. 

DORAN — True  fer  you,  Hughey,  an'  'tis  passin'  strange, 
bein'  so  widespread  and  apparently  easy,  that  the  art  of 
lyin'   is   so   far   from   perfection. 

;*: 

We  were  beginning  to  wonder  if  our  old  friend  Tim  Healy 
had  been  eclipsed  by  his  duties  as  coroner,  when  up  he  bobs 
as  a  open-market  committeeman  and  trying  to  teach  the 
New  York  school  children  how  to  buy  food  and  lessen  the 
cost  of  living. 


THAT    PROVD    MOMENT 

Looking    backward,     and     downward     a     couple     of    lines, 
remember  the   day   your  Lizzie   came   over   to   the    plant,   and 


you  showed  her  about?  And  you  lugged  around  the  oil  can 
(as  an  emblem  of  authority,  for  you  were  only  a  kid  then), 
and  you  pointed  out  the  equipment,  and  told  Lizzie  what 
each  part  did— or  what  you  thought  it  did,  and  'twas  all  the 
same  to  Lizzie.  Gee!  but  have  you  ever  felt  as  big  since? 
Fou  bet  you  haven't,  nor  won't! 
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Fig.  1.     Daily  Report  Sheet 

for  a  record  of  the  men  on  shift  and  when  the  shift 
changes,  for  recording  the  generating  apparatus  in  ser- 
vice, and  for  the  hour  the  units  were  in  and  out,  thus 
making  it  easy  to  learn  the  period  a  macliine  was  in 
service,  and  why  it  was  taken  off.  When  motor-generator 
sets  or  rotary  converters  are  used,  a  record  is  had  of 
the  length  of  the  run  and  the  time  on  and  off,  re- 
gardless of  the  number  of  times  they  are  started  or 
stopped.  Likewise,  a  record  of  the  pumps  or  other  ap- 
paratus is  kept.  The  line  representing  the  number  of 
men  on  duty  at  any  particular  time  is  especially  valuable. 
The  record  of  boilers  under  steam  or  off  or  being  repaired 
is  also  kept.  The  meter  readings  are  of  the  output  in 
kilowatt-hours  for  each  unit  during  the  twenty-four 
hours. 

ilaximum-hour  output  records  are  valuable,  as  they 
show  the  maximum-hour  demand  on  the  plant  in  kilo- 
watts, and  at  what  hours  it  occurred  for  both  alternat- 
ing-current and  direct-current  loads. 

The  kilowatt-hour  rated  capacity  remains  constant  un- 
less changes  are  made  in  adding  to  or  taking  out  gen- 
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erating  eqiiipinent.  The  kiloAvatt-hour  generator  ca- 
pacity in  use  is  found  by  the  smu  of  the  rated  capacities 
of  the  units  times  the  hours  each  was  in  service. 

The  rated  horsei)ower-hour  boiler  capacity  is  obtained 
by-  the  same  method,  and  shows  the  relation  between  the 
kilowatt-hour  generator  capacity  and  the  boiler-horse- 
power capacity.  The  kilowatt-hour  per  boiler-horsepower 
shows  this  relation  in  percentage. 

The  percentage  of  load  factor  of  the  apparatus  is 
found  by  dividing  the  total  kilowatt-hour  output  by  the 
kilowatt-hours  of  the  generator  capacity  in  iise.  The 
load  factor  shows  the  load  percentage  of  the  station  ca- 
pacity; the  remainder  of  the  report  is  used  to  indicate 
that  of  the  boiler-horsepower  at  any  time  during  the 
day.  The  generator  capacity  is  also  recorded;  the  kilo- 
watt-hour output  is  shown  graphically.  On  the  back  of 
the  report  sheet  are  recorded  the  conditions,  interrup- 
tions, etc. 

The  sheet  may  be  extended  at  the  top  and  holes 
punched  for  filing.  An  attractive  sheet  is  made  by  using 
black  for  all  the  numerals,  wording  and  vertical  lines, 
and  blue  for  the  horizontal  lines. 

Space  could  well  be  provided,  as  in  the  Fig.  1  report 
sheet,  for  the  total  kilowatt-hours  generated  and  for 
outdoor  and  indoor  and  feed-water  temperature,  vacuum 
or  anv  other  hourlv  readinsj. 


Monthly  Report  No Power  Station. 
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llie  monthly  report.  Fig.  2,  made  up  from  the  daily 
rejwrts,  is  self-explanatory,  and  covers  the  main  items 
of  interest.     When  one  keeps  a  record  of  ))lfint  opera-     bent  in  against  the  .«linft.     Fig.  2  is  a  guard  over  a  siiaft 


Fig.  3.     REPoin-  Sheet  koh  Puoduceu  Gas  Plant 

ation,  there  is  something  to  show  when  the  central-st^i- 
tion  man  comes  around  and  tries  to  tell  what  he  will  do 
in  the  matter  of  chea])  ]io\vcr. 


Suitaljlc  guards  should  be  placed  aiDuiid  all  moving 
parts  of  machinery  with  which  an  attendant  or  workman 
is  liable  to  come  in  contact  and  receive  injury.  In  some 
cases  a  revolving  shaft  is  not  considered  dangerous  iintil 
some  one  in  injured,  and  such  accidents  arc  numerous. 

In  a  manufacturing  ])lant  recently  visited,  it  was  snr- 
l)rising  to  lind  that  all  flu^  shafting  had  removable  guard.'- 
bctween  the  liangers,  as  illustrated  in  Fig.  1.  Some  were 
cast  iron  and  others  of  consideraldc  length  were  heavy 
sheet  iron,  niaile  in  halves  and  bolted  togther  at  the 
rtanges  on  the  sides ;  they  were  attaclicd  to  the  bearings 
with  screws. 

Wooden  collars  were  placed  on  the  inside,  surrounding 
but  not  touching  the  shaft,  .so  that  the  guard  can  not  l)c 
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coupling  and  is  attaehed  to  it  by  screws,  and  revolves 
with  the  shaft,  but  as  the  outside  surface  is  smooth,  there 
is  but  little  chance  for  clothing  to  catch  on  it. 

A  better  way  would  be  to  have  the  guard  made  large 
enough  to  dear  the  coupling  and  attach  it  to  the  end 
of  the  bearing.  The  end  of  the  guard  next  to  a  pulley  can 
be  supported  by  a  screen  guard  by  the  side  of  the  pulley, 
which  will  also  guard  the  attendants  from  the  pulley 
and  belts.  Where  belts  or  ropes  pass  through  floors  or 
rooms  they  should  be  boxed  in.  Sufficient  space  should 
be  allowed  between  two  pulleys  for  the  belt  to  lay  flat, 
should  it  come  off,  to  prevent  its  becoming  entangled  and 
break  the  belt  or  pull  down  the  shafting. 

A  belt  hook  should  be  made  on  which  to  hang  the  belt 
when  not  in  use,  as  it  will  be  badly  worn  if  allowed 
to  hang  on  a  revohing  shaft.  All  keys  or  feathers 
should  be  covered  with  a  guard.     Unprotected  setscrew.s 


Sef-screrf 
holding  rrooden 
guaraover 


FIS.E 
GUARD    FOR  SHAFT 
COUPLINS 


Shalf 
F1G3  Ccs!far 

WOOD  GUARD  FOR  UN- 
PROTECTED SET-SCREW 
'  LAR 


GUABDS    AROUND   LiKE    ShAFT 

on  collars  can  be  covered  with  a  wooden  guard.  Fig.  3, 
made  in  halves  and  clamped  together  by  screws.  Fig.  4 
is  an  end  view  of  Fig.  3. 


<*■' 
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SYNOPSIS — General  conditwns  affectini/  i-cmiomical 
operation  of  the  electriml  and  mechanical  equipment  of 
an  office  building. 

Primarily,  the  building  manager  is  responsible  for  the 
power  plant  if  he  has  full  power,  and  the  operating  engineer, 
who  is  directly  in  charge  of  the  engineering  equipment  of 
the  building,  is  responsible  to  the  manager  for  its  satisfactory 
operation.  This  phase  of  the  manager's  responsibility  is 
important,  because  the  difference  between  first-class  and 
careless  or  indifferent  operation  by  the  engineering  depart- 
ment may  amount  to  thousands  of  dollars  each  year.  In 
either  case,  it  constitutes  a  gain  or  loss  which  is  invisible 
to  anyone  not  thoroughly  trained  in  operating  engineering, 
unless  by  comparison  with  previous  years.  A  manager  knows 
the  amount  of  soap  or  labor  required  to  properly  clean  1000 
sq.ft.  of  floor  area  in  his  building,  but  in  how  many  instances 
does  he  know  the  pounds  of  steam  which  should  be  required 
in  the  building  per  month?  To  a  considerable  extent,  he  is 
dependent  upon  the  honesty  and  capability  of  the  operating 
engineer,  because  a  building  manager  is  not  required  or 
expected  to  have  a  thorough  knowledge  of  engineering.  It 
is  therefore  his  duty  to  select  an  engineer  who  will  operate 
the    plant   at    maximum    efficiency. 

The  field  from  which  a  selection  might  be  made  is  broad 
and.  not  infrequently,  the  choiL-c  is  unfortunate.  The  manager 
does  not  become  aware  of  his  error  unless  possibly  by  com- 
parison with  the  records  of  previous  or  subsequent  occupants 
of  the  same  position.  The  man  selected  should  have  a  proved 
record  for  honesty  and  engineering  ability,  and  if  these  qual- 
ifications are  not  known  to  the  manager,  a  method  of  inquiry 
might  be  adopted  similar  but  more  searching  than  that 
employed  when  determining  the  financial  responsibility  and 
general  reputation  of  a  prospective  tenant.  .-Vn  irresponsible 
tenant  may  possibly  cost  the  building  a  months  rent,  while 
an  incompetent  engineer  may  cause  a  loss  many  times  greater 
before  being  detected.  Clean  records  in  engineering,  like 
those  of  business,  will  bear  the  closest  examination,  and  the 
man  whose  experience  proves  him  capable  of  successful 
economical  management  of  a  building's  engineering  equipment 
is  reasonably  certain  to  operate  another  plant  similarly. 

With  the  constant  increase  in  the  size  of  the  modern  sky- 
scraper there  is  a  corresponding  increase  in  the  size  and 
complexity  of  the  engineering  equipment,  which  it  is  reason- 
able to  suppose  should  require  a  similar  degree  of  increase 
in  skill  and  ability  on  the  part  of  the  man  who  is  engaged 
to  operate  the  plant.  Other  qualifications  of  no  less  import- 
ance than  experience  and  education,  which  must  be  possessed 
by  a  successful  engineer,  are  the  ability  to  properly  handle 
men  and  a  reputation  for  honesty. 

The  measures  to  be  adopted  in  the  selection  of  such  an 
engineer    dre    rarely    ever    followed,    it    being    considered    un- 


•  Abstract  of  a  paper  read  by  P.  K.  Boomhower  before 
the  National  Association  of  Building  Owners  and  Managers, 
Duluth,  Minn.,  July  15. 


necessary  to  do  more  than  to  fix  a  price,  which  is  often  too 
low,  and  induce  some  applicant  to  accept  after  a  brief  exam- 
ination of  his  record.  This  is  a  chance  method  and  the 
results  are  naturally  problematical.  Occasionally  it  so  hap- 
pens that  an  employer  takes  an  engineer  purely  on  a  price 
basis  and  suffers  accordingly.  He  alone  is  at  fault,  not  the 
engineer,  regardless  of  what  the  results  may  be,  inasmuch 
as   he    has   placed   a    premium   on   dishonesty   and   inefficiency. 

In  any  successful  manufacturing  enterprise  of  today  ae- 
quiring  labor,  machinery  and  materials,  the  utmost  care  and 
attention  are  given  by  experts  in  this  particular  line  to  the 
proper  construction  of  the  building  which  is  to  house  the 
industry;  to  the  selection  of  the  machinery  best  adapted  to 
the  requirements  and  to  its  proper  arrangement  to  avoid 
unnecessary   handling  of  materials,   minimizing  the  labor. 

The  engineering  equipment  of  a  modern  building  is  not 
generally  lool^ed  upon  as  a  manufacturing  establishment.  In 
the  final  analysis  it  is  just  this,  and  nothing  more.  The  raw 
materials  are  coal,  or  other  combustible,  air  and  water,  the 
finished  products  being  light,  heat  and  power  in  various 
forms    according    to    the    requirements    of   the    building. 

Eliminating  operation,  the  ultimate  degree  of  economy 
of  the  building  power  plant,  like  its  parallel  the  manufactur- 
ing establishment,  is  dependent  upo.i  proper  housing  of  the 
machinery  and  appliances;  the  selection  of  the  kind,  type  and 
sizes  of  machines  best  adapted  to  meet  the  requirements  and 
upon  such  arrangement  of  this  equipment  as  will  reduce 
the  labor. 

"Owners  and  managers  should  realize  that  the  space  allot- 
ted to  the  machinery  of  the  power  plant  has  an  appreciable 
effect  on  the  efficiency  at  which  it  can  be  made  to  operate. 
It  is  of  necessity  usually  at  or  near  the  lowest  level  of  the 
building  and,  in  many  instances,  to  reduce  the  cost  of  exca- 
vation, the  space  is  cro^vded  and  lacks  sufficient  head  room. 
The  boiler  room  is  frequently  so  proportioned  that  the  piping 
and  valves  overhead  are  cramped  against  the  ceiling  so 
closely  that  it  is  impossible  to  work  in  this  space  without 
physical  discomfort. 

Often  the  safety  valves  are  attached  to  the  ends  of  the 
boiler  drums  and  depressions  made  in  the  ceiling  to  permit 
removal  of  the  caps.  The  men  are  required  to  work  over 
the  boilers  in  a  temperature  around  150  deg..  crawling  over 
or  under  hot  pipes,  and  the  tools  must  be  handled  with 
gloves  to  prevent  burning  the  flesh.  If  those  responsible  for 
these  conditions  were  compelled  to  endure  them  for  a  short 
time,  the  working  space  over  and  around  boilers  would  be 
much  more  habitable  in  the  near  future,  regardless  of  the 
additional  cost  of  excavation.  It  is  generally  recognized  that 
better  work  is  accomplished  under  reasonably  comfortable 
conditions,  so  that,  in  the  interest  of  maintenance  and 
economical  operation,  attention  should  be  given  to  making 
habitable  the  space  housing  the  power  manufacturing  equip- 
ment and  of  such  character  as  to  cause  an  almost  unconscious 
incentive  for  neat,   clean  conditions. 

To  secure  the  highest  degree  of  economy  In  operation 
there  are  certain  sizes  and  types  of  machines  and  appliances 
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best  adapted  to  the  needs.  The  selection  of  the  proper 
equipment  calls  for  men  of  experience  and  training.  Here 
the  owner's  or  manager's  responsibility  is  again  involved, 
for  he  must  choose  the  man  who  is  to  select  the  power-plant 
equipment. 

After  reaching  the  decision  to  erect  a  building  on  a  cer- 
tain location,  the  usual  course  of  procedure  is  to  engage  an 
architect  who  is  told  the  type  of  building  desired  and  the 
amount  of  money  available  for  this  purpose.  He  proceeds  to 
design  a  building  to  meet  the  approval  of  the  owner,  which 
when  completed  shall  not  exceed  the  amount  appropriated 
and  still  be  a  credit  to  the  owner  as  well  as  an  example  of 
the  skill  of  the  architect.  This  is  a  commendable  ambition 
and  one  to  which  no  objection  may  be  raised  were  it  not 
for  the  fact  that  the  architect  is  rarely  a  good  engineer. 
In  his  struggle  to  obtain  as  much  building  as  possible  for 
the  amount  of  money  at  his  command,  he  often  subordinates 
vital  features  of  the  engineering  equipment  to  structural 
details  or  architectural  design — in  other  words,  he  places 
{esthetics  before  engineering. 

Nearly  all  architects  have  their  own  engineering  depart- 
ments, which  enables  them  to  handle  the  building  and  its 
equipment  complete  throughout  construction.  Naturally,  this 
department  is  largely  dominated  by  the  architectural  end, 
and  when  deciding  on  the  final  plans  and  specifications,  the 
cost  to  fall  within  fixed  limits,  the  engineers  are  called  upon 
to  make  the  greater  percentage  of  reduction. 

FALSE    ECONOMY 

This  often  leads  to  s,  corresponding  reduction  in  the  economy 
of  operation,  because  such  reductions  must  be  made  largely  by 
the  use  of  lower-grade  machinery  and  appliances.  For  ex- 
ample, take  the  item  of  gate  or  globe  valves  used  on  steam 
and  water  lines.  A  valve  of  certain  size  may  be  purchased 
for  $1.98;  another  grade  of  the  same  size  and  working  pres- 
sure may  cost  $5.  To  many  owners,  managers  and  architects 
they  appear  very  similar.  They  are  of  the  same  color,  the 
same  general  shape,  are  built  for  the  same  purpose,  and  they 
cannot  understand  why  the  cheaper  valve  is  not  practically 
the  equal  of  the  more  expensive  one  for  their  particular 
purpose.  If,  however,  these  gentlemen  were  asked  why 
they  do  not  wear  a  pair  of  $1.98  shoes  in  place  of  a  $5  or  $6 
pair,  they  could  readily  explain,  yet  both  pairs  are  of  the 
same  color,  the  same  shape,  the  same  general  appearance  and 
for  the  same  purpose.  This  inability  to  appreciate  the  differ- 
ence in  the  \aluc  of  the  valves  is  due,  of  course,  to  a  l.ick 
of  experience  in  work  involving  the  handling  and  maintenance 
of  this  equipment.  To  the  engineer  who  is  familiar  with 
this  line  of  work,  the  relative  values  are  easily  perceptible, 
though  diflicult  to  explain  to  anyone  untrained  in  this  direc- 
tion, especially  if  unwilling  to  be  convinced,  as  when  a  reduc- 
tion of  initial   cost  of  installation    is  involved. 

Another  featuri;  of  importance  rarely  mentioned  in  speci- 
fications Is  the  packing  on  high-pressure  gate  and  globe 
valve  stems.  Tnese  are  usu:illy  packed  by  the  manufacturer 
with  the  cheapest  kind  of  materiul:  if  not,  the  contractor 
proceeds  to  do  the  work  with  a  similar  material.  Neither 
of  these  men  is  at  fault  because  he  is  not  required  by  the 
terms  of  contract  or  specifications  to  do  otherwise.  Flange 
Joint  packing  may  be  purchased  as  low  as  .30c.  per  lb.,  while 
a  first-class  article  will  cost  around  $1.15  per  lb.  In  a  com- 
paratively short  time  the  Joints  must  be  renewed  at  a  cost 
much   greater  than   the  price  of  the  original   defective  gasket. 

A  similar  omission  is  the  failure  to  requii'e  all  pump  valve 
stems  and  other  small  rods  to  be  provided  with  a  packing 
known  to  be  satisfactory  and  durable.  These  matters  are 
not  usually  thought  of  sufficient  importance  for  serious  con- 
sideration, but  In  a  plant  riackcd  in  an  IndifTerent  manner  the 
operating  engineer  must  soon  do  the  work  which  should  have 
been    cared   for   In   the   specifications. 

TYPE    OF    ENfJINE 

The  original  cost  of  the  power  plant  equipment  may  be 
reduced  by  Installing  high-speed  engines  Instead  of  the  mod- 
erate or  slow-speed  type,  and  without  appreciable  change  of 
-momy  In  the  use  of  steam.  This  step  carries  with  it  a 
'  sponding   decreas<>   In   the  cost   of  generators  in   the  case 

Hrect-connected  units.  No  special  objection  can  be  raised 
•  A'<pt  that  from  an  operating  standiioint  the  engineer  who 
iias  handled  both  the  high-  and  moderate-  or  slow-speed  types 
Is  almost  invariably  an  advocate  of  slow  speed,  because  ho 
knows  this  type  is  more  easily  operated  and  gives  less 
trouble.  The  oldest  engines  in  successful  operation  today  are 
In   the  slow -speed   rlasB. 

It  may  bo  said  with  much  truth  that  the  present  tendency 
Is  toward  higher  speeds,  but  this  should  be  charged  to  com- 
petition rather  than  to  Increased  economy  and  life.  Then 
owners    and    managers    h,ave    discovered    that    the    higher    the 


speed  of  any  given  size  of  unit  the  less  the  floor  space  re- 
quired and  consequently  less  excavation  and  concrete  and 
more   space   is   available   for   some   other   purpose. 

Engines  are  usually  required  by  specification  to  operate 
at  a  minimum  steam  consumption,  are  nickel  trimmed, 
equipped  with  all  the  necessary  extras  and  finished  in  a  fancy 
coat  of  paint.  Working  alongside  these  same  engines  are 
steam-driven  auxiliaries  in  the  form  of  pumps  frequently  out- 
numbering the  engines  two  to  one  and  struggling  along  often 
at  too  high  a  speed,  blowing  steam  to  the  four  winds  and 
leaking  in  the  valves  and  stufflng-boxes.  The  specifications 
would  have  been  quite  as  effective  had  they  simply  called 
for  some  iron  castings  bored  full  of  holes,  fastened  together 
with  machine  steel  rods  and  studs  with  hot-punched  nuts 
to  resemble  the  general  form  of  a  pump.  There  are  certain 
conditions  under  which  it  would  be  unwise  to  require  these 
auxiliaries  to  be  of  the  highest  possible  grade,  as,  for  ex- 
ample, when  the  exhaust  may  be  used  for  heating.  Under 
this  condition,  why  should  the  engine  be  required  to  work 
to  the  last  ounce  of  steam?  In  nearly  all  power  plants, 
steam-driven  pumps  are  worthy  of  more  consideration  than 
is  usually  allotted  them  by  those  responsible  for  the  original 
installation. 

The  possibilities  and  results  of  reducing  the  cost  of  a 
power  plant  to  a  minimum  are  briefly  indicated  by  the  pre- 
ceding, and  altt.dugh  a  volume  of  considerable  size  might 
be  devoted  to  a  discussion  of  relative  values  of  the  different 
machines  and  appliances,  enough  has  been  said  to  show  that 
this  subject  requires  and  should  receive  careful  treatment  by 
competent  men,  and  that  it  is  for  the  best  interests  of  the 
owner  or  manager  to  lend  his  support  to  the  one  whom  he 
has  selected  to  decide  upon  what  shall  be  installed. 

BOILER  ROOM  LAYOUT 

Another  feature  of  the  original  installation  having  an  im- 
portant bearing  on  economy  is  the  arrangement  of  the  va- 
rious parts.  The  boiler  rooms  of  practically  all  buildings  of 
the  type  under  consideration  are  on  the  lowest  level.  Coal  in 
most  cases  may  be  delivered  at  grade  and,  in  addition,  is 
sometimes  received  from  a  tunnel  or  subway.  By  a  careful 
study  of  the  situation  the  boilers  and  coal  bunkers  may  he 
so  placed  that  the  coal  will  be  carried  by  gravity  from  the 
delivery  truck  to  the  furnaces  without  any  labor,  power  or 
machinery  other  than  a  traveling  coal  weigher.  Coal -hand- 
ling machinery  is  expensive,  and  a  constant  source  of  trouble 
and  expense  to  operate.  In  the  majority  of  office-building  or 
hotel  plants,  this  equipment  is  unnecessary  unless  coal  is 
taken  from  a  level  below  the  bunkers.  Occasionally  it  is 
impossible  to  obtain  such  a  layout  due  to  insufficient  depth 
from  grade  to  the  boiler-room  floor,  the  headroom  being  limi- 
ted on  account  of  the  additional  cost  of  excavation,  retain- 
ing wall  and  footings.  Owners  and  managers  should  remem- 
ber that  after  installation  the  only  expense  attached  to  this 
additional  cost  is  an  annual  4  or  5  per  cent.,  while  with  tlie 
alternative,  is  the  original  cost  of  Installation  with  its  4  or 
5  per  cent.,  power  to  operate,  labor,  repairs  and  deprecia- 
tion. 

The  proper  arrangement  and  selection  of  ash-handling 
machinery  is  usually  a  difficult  problem  in  plants  which  are 
below  grade,  because  the  .ashes  must  be  collected  from  be- 
neath the  various  furnaces  and  delivered  to  a  bunlter  or 
wagon  at  ground  level.  Where  it  is  possible  to  deliver  to  a 
tunnel  below  the  boilers,  the  operation  becomes  simple. 
Each  building  presents  a  different  set  of  conditions  which 
must  he  skillfully  treated  to  obtain  a  durable  operating  sys- 
tem, but  there  can  exist  no  satisfactory  reason  from  an  en- 
gineering standpoint  for  the  clumsy  ways  coal  and  ashes  are 
handled   in   some   buildings. 

THE    AIR    SUPPLY 

Another  of  the  raw  materials  necessary  for  the  manu- 
facture of  power  is  the  oxygen  which  is  obtained  from  the 
air.  It  is  free  and  just  as  essential  as  coal  or  water,  yet 
often  proper  provision  for  feeding  the  furnaces  with  this 
material  is  not  made.  The  fires  are  partially  choked,  receiv- 
ing air  by  accident  rather  than  design.  The  accident  is  in 
the  form  of  a  stack,  which  must  of  necessity  extend  above 
the  building,  thereby  creating  sufficient  draft  to  overcomo 
the  resistance  olTered  to  the  air  flowing  to  the  furnaces 
through  doors,  windows  and  other  openings. 

The  general  impression  among  those  who  have  not 
studied  the  subject  is  that  the  flres  do  not  re<iulie  much  air; 
that  it  Is  unnecessary  to  give  any  consider.ation  to  this  point. 
Just  how  trifling  the  question  is  may  be  learned  when  It  be- 
comes known  that  to  Imrn  coal  at  the  rate  of  40  tons  per  24 
hr.  usually  requires  in  round  numbers  18.000  cu.ft.  of  air 
per  mln.  This  may  account  for  the  strong  draft  in  the  open- 
ings   leading    to    some    boiler    rooms. 
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A  part  of  this  air  at  least  and  in  some  cases  all  of  it, 
should  be  forced  in  by  fans  or  permitted  to  flow  free  from 
the  exterior  of  the  building  to  the  engine  room  through 
special  ducts,  and  from  there  to  the  boiler  room.  In  some 
cases  the  exhausting  power  of  the  stack  may  be  sufficient  to 
provide  the  necessary  air  change,  but  in  no  case  should  the 
boiler   room   be   under   less   than   atmospheric   pressure. 

Engineers  familiar  with  power-plant  operation  are  aware 
that  the  owner  of  a  plant  containing  inferior  equipment  ulti- 
mately pays  more  than  the  price  of  a  first-class  installation. 
As  they  are  just  as  desirous  of  accomplishing  worlc  which 
will  be  a  credit  to  their  ability  as  is  the  architect,  and  it  is 
to  be  regretted  that  owners  and  managers  are  usually  not  as 
capable  of  judging  engineering  features  as  architecture.  The 
economical  operation  of  a  building  involves  real  engineering, 
and  ability  and  experience  are  required.  If  the  manager 
adopts  the  suggestions  given  in  selecting  the  man  who  is  to 
install  or  operate  the  plant,  and  grants  him  proper  support, 
economical   operation    will   be    insured. 


and  automatic  voltage  regulators,  one  for  each  generator  and 
each  condenser. 

In  one  of  the  generating  stations,  the  excitation  system 
consists  of  three  units,  the  main  exciter  and  two  auxiliary 
exciters,  the  latter  connected  in  series  opposition,  as  indi- 
cated in  Fig.  1.  The  auxiliary  units  excite  the  field  of  the 
main  exciter  and  are  designed  to  generate  at  125  to  275  volts, 
respectively.      With    a    potential    regulator    on    the    275-voIt 
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An  interesting  experiment  may  be  easily  performed  to 
demonstrate  the  cooling  effect  by  evaporation,  in  the  follow- 
ing  manner: 

Take  a  watch  glass  or  any  other  wide  and  shallow  re- 
ceptacle of  thin  material,  set  it  in  a  depression  in  a  cork 
containing  a  few  drops  of  water,  then  fill  the  watch  glass 
about  half  full  of  ether.  By  directing  a  steady  current  of 
air  through  a  tube  or  straw  on  the  surface  of  the  ether,  its 
evaporation  will  l>e  so  rapid  that  the  water  will  be  frozen 
in  a  short  time. 

The  reason  is,  that  whenever  a  vessel  is  only  partly  filled 
with  a  liquid,  the  remainder  of  the  vessel  always  contains 
some  of  the  substance  in  a  gaseous  form  called  vapor.  The 
rate  at  which  evaporation  proceeds  depends  largely  upon  the 
amount  of  vapor  already  present  over  the  liquid. 

If  the  vessel  is  closed,  it  is  found  that  at  any  one  tem- 
perature, evaporation  will  continue  until  the  vapor  exerts  a 
certain  pressure  on  the  surface  of  the  liquid,  known  as  the 
vapor  tension  at  that  temperature.  Evaporation  does  not 
cease,  however,  but  rather  condensation  equals  evaporation. 
Therefore,  dispersing  the  vapor  by  a  jet  of  air,  or  re- 
moving the  pressure  over  the  fluid  by  a  vacuum  pump  and 
extending  the  area  of  the  surface  exposed  to  such  action, 
tends   to   increase   the  evaporation   and   cooling   effect. 

In  a  paper  read  at  the  Pacific  coast  meeting  of  the  Ameri- 
can Institute  of  Electrical  Engineers,  Sept.  9  to  11,  Edward 
Woodbury  gave  an  Interesting  account  of  the  regulation  era- 
ployed  on  the  transmission  system  of  the  Big  Creek  Devel- 
opment  of  the  Pacific  Light  &   Power  Corporation. 

This  development,  it  will  be  recalled,  employs  the  highest 
transmission  voltage  yet  attempted,  namely,  150,000  volts, 
the  distance  to  Los  Angeles  being  240  miles.  A  total  head  of 
4000  ft.  is  utilized  in  two  steps,  about  4^4  miles  apart,  each 
of  the  power  houses  at  present  containing  two  17,500-kv.a. 
generating  units. 

The  inherent  regulation  of  the  transmission  line  alone, 
without  terminal  equipment,  is  from  10  per  cent,  above  power 
house   voltage  at  no  load   to   20  per  cent,   below  at   full  load; 
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and  the  effect  of  the  transformer  inductive  reactance  at  the 
generating  end  practically  doubles  the  boosting  at  light  load. 
Also,  the  self-exciting  characteristics  of  the  generators,  when 
supplying  charging  current  only,  tend  to  produce  abnormal 
voltages  at  no  load. 

A  constant   potential   system   is   maintained  by  the  use  of 
two  15,0D0-kv.a.  synchronous  condensers  at  the  receiving  end 


machine  arranged  to  prevent  a  reversal  of  the  field  in  the 
125-voIt  set,  the  voltage  applied  to  the  exciter  field  may  be 
changed  from  that  required  to  give  maximum  excitation  to 
zero  excitation. 

At  the  other  station,  the  generators  are  excited  directly 
by  200-kw.,  250-volt  exciters,  the  main  fields  of  which  are 
controlled  by  a  new  type  of  alternating-current  automatic 
voltage  regulator,  which  has  no  direct-current  magnet  and 
which  can  therefore  be  adjusted  to  reduce  the  exciter  voltage 
to  zero.  The  exciters  on  this  system  have  three  shunt  wind- 
ings on  the  field,  as  shown  in  Fig.  2.  One  auxiliary  field  i.s 
provided  to  give  the  reversed  excitation  necessary  to  hold 
the  voltage  down  when  charging  the  line,  the  current  being 
supplied  to  this  field,  through  a  variable  resistance,  by  means 
of  a  storage  battery.  The  other  auxiliary  field,  which  is 
solely  for  the  purpose  of  maintaining  the  correct  polarity, 
also  takes  its  current,  which  is  small,  from  the  same  storage, 
battery. 

A  reduction  of  the  excitation  to  zero  by  means  of  the  po. 
tential  regulator  has  not  been  necessary  at  the  generating 
stations,  but  operation  of  the  synchronous  condensers  at  the 
receiving  station,  over  the  range  required,  would  not  be 
feasible  without  a  complete  reduction  of  the  exciter  voltage. 
With  150,000  volts  at  the  receiving  end  of  the  line,  th*. 
charging  current  is  about  10  per  cent,  overload  for  one  gen- 
erator. With  normal  voltage  of  6600  volts  at  the  generator, 
the  charging  current  overloads  the  generator  65  to  70  per 
cent.  Hence,  in  normal  operation,  a  line  is  usually  energized 
by  using  two  generators,  under  which  condition  a  small  field 
excitation  in  the  normal  direction  is  required.  Abnormal 
conditions  sometimes  make  it  necessary  to  charge  the  line 
from  a  single  generator,  until  the  condensers  at  the  receiv- 
ing station  can  be  started. 

The  self-exciting  characteristics  of  the  system  with  lead- 
ing current  are  such  that  in  one  of  the  generating  stations 
a  single  6600-volt  generator,  when  connected  to  an  unloaded 
line  without  its  condenser  and  run  at  normal  speed  with  the 
field  switch  open,  would  excite  itself  to  7000  volts,  corre- 
sponding to  176.000  volts  on  the  transmission  line  at  the  gen- 
erating station,  and  demand  from  the  generators  34,000  kv.a. 
and  S50  actual  kw. 

In  answer  to  numerous  inquiries.  President  Charles  C. 
Moore  of  the  Panama-Pacific  International  Exposition,  to 
open  in  San  Francisco  on  Feb.  20,  1915,  has  issued  the  follow- 
ing  statement:  „      ..=      t    » 

One  month  ago,  the  decision  of  the  Panama-Pacific  Inter- 
national Exposition  management  not  to  postpone  was  first 
published.  The  development  of  events  since  then  in  their 
relation  to  the  exposition  all  tend  to  confirm  the  wisdom 
of  that  original  decision.  ,    v,    j    v,     r, 

At  the  time  the  decision  was  made  no  word  had  been 
received  from  any  foreign  nation  as  to  the  effect  on  its  plans 
caused  bv  the  European  war,  but  it  was  hoped  that  at  least 
those  nations  not  fighting  would  go  on  with  their  plans. 
Later  developments  have  proved  that  hope  well  founded; 
in  addition,  we  have  definite  assurances  from  France,  Italy, 
Turkey  and  Japan  tliat  their  intentions  are  unchanged.  Hol- 
land has  added  $300,000  to  her  original  appropriation,  Italy 
has  ordered  work  on  her  building  and  exhibits  rushed,  Japan 
has    asked    for   and    received    an    increase    of    space,    and    the 
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Argentine  Republic  has  increased  its  appropriation  from 
^1,250,000    to    $1,750,000. 

We  sliall  undoubtedly  lose  some  of  the  promised  exhibits 
from  Europe,  but  not  Ijy  any  means  all  of  them  nor  the  most 
important  of  them.  Both  Germany  and  Great  Britain  will 
be  represented  by  individual  exhibitors  or  by  associations 
thereof.  We  shall  undoubtedly  lose  some  of  the  promised 
entries  by  European  champions  in  the  athletic  events,  but 
the  international  character  of  those  events  will  not  be  lost. 
We  may  lose  some  of  the  art  treasures  promised  us  for  the 
Fire  Arts  Building,  but  we  shall  gain  others  because  of  the 
war. 

Of  compensating  gains  we  have  many.  There  is  a  very 
sharp  demand  for  space  from  the  manufacturers  of  this 
country,  of  South  America  and  of  the  European  nations  not 
at  war.  The  exposition  suddenly  becomes  an  important  factor 
in  an  extraordinary  economic  situation.  It  is  seen  to  be  the 
one,  great,  easy,  efBcient  way  by  which  American  made  goods 
can  be  brought  to  the  direct  attention  of  the  distributors 
and  consumers  of  South  America  and  the  Orient.  The  latter 
are  coming  here  in  force  in  1915  to  make  the  new  individual 
and  commercial  connections  forced  by   the  war. 

As  regards  attendance,  every  transportation  expert  con- 
firms the  opinion  that  a  continued  European  war  is  likely 
rather  to  increase  travel  to  California  in  1915  than  to  re- 
duce it. 

The  exposition  is  92  per  cent,  ready  today.  It  will  open 
Feb.  20,  as  planned,  and  it  will  be  the  most  beautiful  and 
most  interesting  exposition  ever  seen.  There  is  no  reason 
to  believe  that  its  success,  in  any  phase,  will  be  any  less 
than  that  which  was  so  certain  before  the  European  war 
broke  out  and  it  is  certain  to  be  even  more  important  com- 
mercially  than   was   ever  dreamed. 

On  Tuesday,  Sept.  29,  about  sixty  representatives  of  the 
largest  and  most  important  boiler  manufacturing  interests  of 
the  United  States  met  at  Pittsburgh  to  formulate  plans  and 
initiate  activities  to  bring  about  the  adoption  by  the  various 
states  of  laws  putting  into  effect  the  Code  of  Boiler  Rules, 
which  the  committee  appointed  for  that  purpose  will  report 
to  the  fall  meeting  of  the  American  Society  of  Mechanical 
Engineers. 

An  executive  committee  consisting  of  Thomas  E.  Durban 
of  the  Erie  City  Iron  Works,  representing  the  fire-tube,  Isaac 
Harter,  Jr.,  of  the  Babcock  &  Wilcox  Co..  representing  the 
water-tube,  and  A.  B.  Good'lng,  of  the  A.  B.  Farquhar  Co.. 
I.,td.,  the  traction  and  agritjltural  boiler  interests,  was  ap- 
pointed to  represent  the  boiler  manufacturers  in  conference 
with  the  American  Society  of  Mechanical  Engineers  committee 
and  to  direct  the  efforts  of  the  boiler  makers  toward  bringing 
the  code   into   use.     Abundant  financial   support   was   assured. 

The  National  Association  of  Corporation  Schools  has  re- 
ceived a  report  from  its  subcommittee  on  the  scope  of  ac- 
tivities for  1914  and  1915,  which  was  adopted  by  the  execu- 
tive committee,  Sept.  1,  1914.  When  the  recommendations  in 
this  report  are  carried  into  effect,  the  association  will  have 
syllabi  of  courses  to  send  to  corporations  asking  for  data 
as  to  the   subjects  to  be  taught. 

The  committee  on  safety,  hygiene  and  cooperation  will 
distribute  printed  matter  In  the  shape  of  summaries  of  the 
work  in  safety  and  hygiene  in  Industrial  corporations,  and 
make  recommendations  as  to  instruction  along  those  lines. 

The  association  also  purposes  to  prepare  bibliographies 
on  the  subject  ot  service  annuities,  profit-sharing  plans,  sick 
and   death   benefits  and    savings   funds. 

The  committee  on  public  education  Is  to  Investigate  and 
ascertain  to  what  extent  the  Industries  are  at  pre.sent  co- 
operating with  public  schools  In  the  various  cities  and  to 
make  a  comi>IIatlon  or  the  experiences  of  the  Industrial  cor- 
porations which  have  cooperated  with  the  public-school  sys- 
tems. Further,  It  Is  to  show  In  what  additional  ways  the  two 
may  cooperate,  and  special  attention  will  be  given  to  collect- 
ing data  regarding  general  educational  courses  In  which  the 
experience  of  industries  has  shown  the  public  schools  to  bo 
particularly  weak,  with  reference  to  fitting  a  person  to  enter 
Industrial  life.  Finally,  the  committee  is  to  ascertain  to 
what  extent  tho  Industries  find  It  necessary  to  duplicate  the 
educational  work  of  the  public  Bchools,  and  If  possible  In- 
vestigate  In   several   localities  to  find  out  whether  the  public 


schools  are  willing  to  conduct  courses  for  or  in  connection 
with   the   industries   to  supply   this   inefficiency. 

The  committee  on  allied  institutions  will  compile  names 
of  all  organizations  which  include  in  their  activities,  or  are 
contemplating  doing  so,  the  study  of  industrial  educational 
work,  learning  the  policy  and  scope  of  each  of  these  institu- 
tions, making  recommendations  to  the  executive  committee 
as  to  the  ways  in  which  the  association  can  cooperate  with 
these  organizations,  and  to  establish  relations  with  the 
Librarians'  Association  with  a  view  to  having  a  selected  list 
of   books  and  industrial   subjects  placed    in   public  libraries. 

A  new  committee,  to  be  known  as  the  committee  on  em- 
ployment plans  and  allied  subjects,  is  to  be  formed  which 
will  take  up  the  subject  of  employment  with  the  allied  topics 
of  vocational  guidance,  promotion,  discipline,  pliysical  ex- 
amination, etc. 

The  several  different  committees  on  special  schools,  in- 
cluding trade  apprenticeship,  special  apprenticeship,  account- 
ing and  office  "work,  advertising,  selling  and  distribution, 
will  prepare  general  syllabi  that  may  be  made  a  basis  for 
courses  by  corporations  desiring  to  undertake  educational 
work  for  their  employees.  Both  special  and  general  subjects 
will  be  taught.  Which  general  subjects  should  be  included, 
however,  must  be  determined  by  each  corporation  in  accord- 
ance with  the  extent  to  which  their  new  employees  have  been 
properly  prepared  in  the  public  schools.  It  is  recommended 
that  each  of  the  four  committees  should  make  a  compilation 
of  the  work  of  at  least  a  representative  number  of  large  cor- 
porations which  are  conducting  educational  work  on  behalf 
of  their  employees.  The  best  compilation  should  include  re- 
sults which  have  been  obtained.  Finally,  each  committee 
is  to  look  into  the  activities  of  such  institutions  as  the 
Alexander  Hamilton  Institute,  the  International  Correspond- 
ence Schools  and  the  Sheldon  School,  to  determine  to  what 
extent  the  work  of  these  institutions  can  be  used  profitably 
by  the  corporation  schools. 

The  executive  committee,  in  approving  the  report,  will 
put  on  foot  a  piece  of  splendid  work  for  the  betterment  of 
conditions  among  those  now  engaged  and  soon  to  be  en- 
gaged in  the  various  industries.  It  is  a  work  deserving  of 
a  great  deal  of  attention  and  the  hearty  cooperation  of  all 
corporations.  The  report  was  signed  by  G.  B.  Everitt,  F.  C. 
Henderschott   and    E.    J.   Mehren,    chairman. 


Due  to  a  series  of  tube  failures  in  thiee  boilers  at  the  Liv- 
ingston plant  of  the  Richmond  Light  &  Railroad  Co.,  on 
Saturday  afternoon,  Sept.  26.  trolley  service  on  Staten  Island, 
N.  Y.,  was  completely  held  up  for  over  an  hour  and  the  light- 
ing and  commercial  service  for  about  seven  hours.  Moreover, 
two  of  the  engineers  were  painfully  scalded  by  the  steam  and 
water  from   the  first  tube  which  opened  up. 

The  boilers,  which  were  temporarily  put  out  of  service 
are  practically  new  ones  of  the  B.  &  W.  type  and  the  tubes 
were  seamless  drawn  steel.  The  complete  tieup  of  service 
was  brought  about  by  an  unfortunate  combination  of  cir- 
cumstances. Aside  from  the  tube  failures  in  three  boilers 
within  a  short  period,  two  new  boilers  which  have  just 
been  added  were  not  yet  ready  for  service  and  four  of  the 
old  boilers,  which  were  held  in  reserve,  are  allowed  only  130 
pounds  pressure  as  against  200  pounds  on  the  new  boilers. 
With  this  reduced  pressure  it  was  difficult  to  keep  the  tur- 
bine auxiliaries  up  to  speed  and  thus  hold  the  load  on  the 
turbines. 


FERSONAILS 


H.  V.  NefC,  chairman  of  the  Ohio  Board  of  Roller  Rules, 
was  present  at  the  hearing  of  the  A.  S.  M.  E.  committee 
of  uniform  boiler  laws  with  two  other  members  of  the  Board 
and  testified  to  the  Interest  of  that  body  in  tho  work  upon 
which  the  committee  Is  engaged. 


KIIA.VK  HAER 
In    attempting    to    remove    a   live    wire    that    had    dropped 
Into   Pennsylvania   Ave.,    Frank   Bacr,   40   years   old,   superin- 
tendent   ot   the    Kutztown    Electric   Co.,   was   Instantly    killed 
on  .'Sept.  21.  at  Kutztown,  Pcnn.     During  a  heavy  shower,  the 
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wire  was  blown  v.^wn.  Mr.  Baer  was  attending  a  church 
meetine  at  Grace  United  Evangelical  Church,  where  he  was 
notified  of  the  accident.  He  hurried  to  the  scene  with  in- 
sulated pliers,  but  as  he  touched  the  wire  the  pliers  were 
knocked  from  his  hands  and  he  was  hurled  to  the  ground. 
Word  was  sent  to  the  plant  and  the  power  was  turned  off. 
Baer  was  removed  to  a  nearby  porch,  where  physicians 
said   death  was  instantaneous. 


sales  manager  of  the  Erie  City  Iron  Works  in  the  Chicago  dis- 
trict and  is  not  onlv  well  known  as  a  salesman,  but  as  an 
engineer  as  well.  The  Elliott  Co.'s  Chicago  office,  in  charge 
of  Mr.  Day,  will  be  as  heretofore,  at  527  Monadnock  Block. 

Elliott  Co.,  Pittsburgh.  Penn.,  has  appointed  Mr.  George 
Grav  of  Boston,  Mass.,  sales  manager  for  the  New  England 
district  Mr.  Grav  is  well  known  in  the  New  England  terri- 
tory and  was  connected  with  the  Elliott  Co.'s  interests  sev- 
eral'vears  ago.  The  office  of  the  company,  in  charge  of  Mr. 
Gray."  will  remain  at  954  Oliver  Building.  Boston,  as  hereto- 
fore. 


Force    feed 


Corliss 


McCord    Mfg.    Co.,    Detroit,    Mich.      Catalog, 
lubricators.      Illustrated,   30   pp.,   6x9   in. 

The    Vilter   Mfg.    Co.,    Milwaukee,    Wis.      Catalog, 
engines.      Illustrated,  40  pp.,  7x10  in. 

John  O'Brien  Boiler  Works  Co.,  St.  Louis,  Mo.  Pamphlet. 
O'Brien-Hawley  down-draft  system  of  smokeless  combustion. 
Illustrated.    12    pp.,    6x9    in. 

The  Lagonda  Mfg.  Co.,  Springfield,  Ohio.  Catalog  R-2. 
Multiple  strainers.      Illustrated,  20  pp..  7^x10  in. 

IngersoU-Rand  Co.,  11  Broadway,  New  York.  Form  No. 
:!0'4  Ingersoll-Rogler  valves  for  air  compressing  cylinders. 
Illustrated,  2S  pp..  6x9  in.  Form  No.  3030.  Class  ER-1 
Ingersoll-Rogler  air  compressors.  Illustrated,  20  pp.,  6x9  in. 
Coen  Companv,  San  Francisco,  Cal.,  Catalog.  Fuel  oil 
burners.      Illustrated,   32    pp.,   Sxll    in. 

National  Tube  Co.,  Pittsburgh,  Penn.  Bulletin  No.  7D. 
Regrinding   valves.      Illustrated,   8    pp.,   Si^xll    in. 

Smooth-On  Mfg.  Co..  572-74  Communipaw  Ave.,  Jersey  City, 
N  J  Smooth-On  Instruction  Book  No.  15.  Iron  cements, 
iron  paints  and  corrugated  iron  gaskets.  Illustrated,  104  pp., 
■t%x6"i    in. 

Essex  Rubber  Co.,  Trenton,  N.  J.  Catalog  K.  Packings. 
Illustrated.    50   pp.,    6x9    in. 

The    Industrial    Instrument    Co.,    Foxboro,    Mass.      Bulletin 

.Vo.    S2.      Liquid    level     eages.      Illustrated,     20     pp.,     Sxll     in. 

Bulletin  No.  88.     Recording  gages.     Illustrated,  32  pp.,  bixll  m. 

National    Tube    Co..    Pittsburgh,    Penn.      Bulletin    No     9C. 

Some  tests  of  Kewanee  unions.      Illustrated,   S   pp.,    hi^xll   in. 

The  Hill  Clutch  Co..  Cleveland.  Ohio.  Catalog  No.  11. 
Power  transmission  machinery.     Illustrated,   224  pp..  6x9  in. 

The  Engineers  Appliance  Co.,  Cleveland,  Ohio.  Catalog 
\'o  3\  Hvdromatic  valves,  steam  traps,  low  pressure  water 
feeder.     Illustrated.   20  pp.,   6x9  in. 

Tate,   Jones   &   Co.,   Inc.,   Pittsburgh,   Penn.     Catalog.     Ap- 
pliances   for   burning    fuel   oil.      Illustrated,    32    pp.,    SiAxll    in. 
Armstrong  Cork  &  Insulation  Co..  Pittsburgh.  Penn.    Book- 
let.     Nonpareil    insulating    brick    for    boiler    settings.      Illus- 
trated.  31^x6  in. 

Moffat  Feed  'Water  Heater  and  Purifier  Co..  Detroit.  Mich. 
Catalog.  Combined  feed  water  heaters,  purifiers  and  oil  ex- 
tractors.     Illustrated,    24    pp.,    6x9    in. 

Gifford-Wood  Co.,  Hudson.  N.  T.  Catalog.  Ice  and  coal 
handling  machinery.     Illustrated,   ISO  pp..   6^4x10  in. 


BUSIMESS  IT] 


HE^yF  EQUSFMEHT 


L..  J.  Wing  Manufacturing  Co..  Ninth  Ave.  and  14th  St.,  ^ew 
York  has  just  issued  Bulletin  No.  2S  which  illustrates  and 
fully  describes  the  Wing  Fans.  Copies  are  sent  on  request. 
It  is  interesting  to  note  that  the  sales  of  the  Northern 
Equipment  Co.,  Erie,  Penn..  were  practically  doubled  within 
the  past  year — and  to  take  care  of  the  rapidly  increasing  bus- 
iness the  company  has  purchased  the  shops  formerly  occupied 
l)v  the  Olds  Pump  Works  of  Erie.  Penn.  Two  new  sales 
agencies  have  also  been  added — Scholey  and  Company,  Ltd., 
"Tol  Queen  Victoria  St..  London,  Eng.  and  Thermal  Efficiency 
Co.,  716  Finance  Bldg.,  Kansas  City,  Mo. 

The  C.  &  G.  Cooper  Company,  Engine  Builders,  ML  'Vernon, 
Ohio,  have  had  good  business  for  August  in  their  steam  and 
gas  engine  departments.  Among  orders  received  is  one  from 
the  Medina  Gas  &  Fuel  Co.  for  a  950  brake-horsepower  twin 
tandem  gas  engine  driven  compressor,  to  be  installed  in  the 
Mansfield,  Ohio,  station.  This  will  be  the  third  Cooper  unit  in 
the  plant.  The  Ohio  Fuel  Supply  Co.  have  also  ordered  three 
475  b.-hp.  single  tandem  gas  engine  driven  compressors,  to  be 
installed  in  their  Perrysville,   Ohio,  plant. 

The  Lagonda  Manufacturing  Co..  of  Springfield,  Ohio,  has 
just  published  a  complete  20-page  catalog  descriptive  of  then- 
Multiple  Water  Strainers  for  power  plant  and  pumping  sta- 
tion intake  lines.  These  strainers  are  of  the  multiple  strain- 
ing basket  tvpe  which  can  be  easily  and  quickly  cleaned  with- 
out interruption  to  the  flow  of  water.  The  new  catalog  is 
entitled  "The  Lagonda  Multiple  Strainer,"  edition  R-2,  and 
will  be  sent  upon  request. 

The  American  Engineering  Co.,  Philadelphia,  Penn.,  has 
just  published  a  new  book  on  the  Taylor  stoker,  which  every 
man  interested  in  the  subject  should  have.  Page  after  page 
of  excellent  illustrations  of  installations,  complete  details  of 
construction  and  operation,  several  pages  of  names  of  Taylor 
stoker  users.  It  is  a  handsomely  prepared  catalog,  well  worth 
reading,  and  is  sent  free  on  request. 

Elliott  Co.,  Pittsburgh,  Penn.,  has  appointed  William  A. 
Day    Chicago   district   sales   manager.      Mr.   Day   was   formerly 


ATLANTIC    COAST    STATES 

The  Germania  Mills.  Holyoke,  Mass.,  will  construct  a 
power  house,  60x100  ft.  with  an  ell. 

The  Bon  Ami  Co.,  Manchester,  Conn.,  manufacturer  of  clean- 
ing compounds,  has  bought  a  site  near  its  present  plant  and 
will  make  extensions,  the  first  of  which  will  be  a  power 
plant  of  sufficient  capacity  to  supply  the  plant  for  some 
years  to  come. 

George  C.  and  Arthur  M.  Morgan,  Engrs.,  Ill  'West  Mon- 
roe St.,  Chicago,  111.,  have  been  engaged  by  the  City  Council 
of  Kittanning,  Penn.,  to  prepare  plans  for  the  installauon  or 
a  municipal  electric-light  plant  and  water  work.  The  esti- 
mated cost  is  $125,000. 

Roth  &  Co.,  Denlka  Bldg.,  Philadelphia,  Penn..  are  prepar- 
ing plans  for  the  construction  of  a  municipal  electric-Ugnt 
plant    for    the   Borough    of  Lewiston,    Penn. 

It  is  reported  that  the  Mauch  Chunk  Heat,  Power  &  Elec- 
tric Light  Co.,  Mauch  Chunk,  Penn.,  has  purchased  a  site  and 
will  build  a  new  substation. 

SOUTHERN   STATES 

Press  reports  state  that  the  city  of  Jacksonville,  Fla.,  will 
install  a  5000-kw.  engine,  to  cost  $60,000.  in  the  municipal 
electric-light   plant.      W.   H.   Tucker   is   Supt. 

Bonds  for  $10,000  were  voted  by  the  citizens  of  Pablo 
Beach.  Fla..  at  a  recent  election,  by  the  proceeds  of  which  will 
be  used  for  the  construction  of  a  municipal  electne-light 
plant.     The  J.  B.  McCrary  Co.,  Atlanta,  Ga.,  is  the  Engr. 

Bids  will  be  received  until  Oct.  6.  by  the  Mayor,  Melville, 
La.,  tor  the  installation  of  an   electric-light  plant. 

The  Bluegrass  Motion  Picture  Mfg.  Co.,  Glenarm,  Ky..  is  in 
the  market  for  generators,  motors,  etc..  for  a  factory  which  it 
is  equipping.     George  H.  Kendrick  is  Mgr. 

The  Greensburg  Loose  Leaf  Tobacco  Warehouse  Co., 
Greensburg,  Ky.,  is  in  the  market  for  power  equipment  for 
its  prizing  rooms. 

At  the  November  election  the  citizens  of  Princeton,  Ky., 
will  vote  on  the  proposition  of  issuing  $15,000  in  bonds  the 
proceeds  of  which  will  be  used  for  the  construction  of  a 
municipal  electrci-light  plant. 

CENTRAL,    STATES 

Bids  will  soon  be  received  by  Walter  G.  Franz,  ITnion 
Trust  Bldg..  Cincinnati,  Ohio,  for  a  heating  system  for  the 
isolation  hospital  to  be  erected  by  Cincinnati. 

Bids  will  soon  be  received  by  W.  A.  DeVoss,  Portsmouth, 
Ohio,  for  the  installation  of  heating  equipment  in  the  new 
municipal   school. 

Press  reports  state  that  the  Urbana  Light  Co.,  Urbana, 
Ohio,  will  enlarge  its  power  plant.  The  company  nas  ob- 
tained   the   contract   for   furnishing   light   to   Woodstock.    Ohio. 

The  Veedersburg  Power  Co..  Veedersburg.  Ind.,  has  in- 
creased its  capital  stock  from  $100,000  to  $125,000.  Exten- 
sions will  be   made. 

The  Detroit  Lumber  Co.,  Detroit,  Mich.,  will  build  a  power 
house  and  garage  costing  $15,000. 

Hiram  Phillips,  Consult.  Engr.,  Third  National  Bank  Bldg., 
St.  Louis,  Mo.,  has  been  retained  by  the  Council  of  Sullivan, 
111.,  to  prepare  plans  for  the  establishment  of  a  municipal 
electric-light    plant. 

WEST    OF   MISSISSIPPI 

Bonds  in  the  amount  of  $7000  have  been  voted  by  the 
citizens  of  Aurelia,  Iowa,  the  proceeds  of  which  will  be  used 
for  the  construction  of  a  municipal  electric-light  system. 

The  municipal  power  plant  at  Buhl,  Minn.,  will  be  im- 
proved at  an  estimated  cost  of  $50,000.  Bonds  for  this  pur- 
pose   have   been   voted. 

Bids  will  be  received  bv  the  City  Council,  Lincoln,  Neb., 
until  Oct.  15.  for  making  improvements  to  the  elec  ric-light 
plant   and    water    system.      Theodore   H.    Berg   is   City    Clk. 

Shade  &  Levesconte,  Malta.  Mont.,  contemplate  installing 
an  electric-light  plant  at   Malta. 

Improvements  costing  $17,000  to  the  electric  light  have 
been  authorized  bv  the  Board  of  Aldermen,  Kirkwood,  Mo. 
The  Board  of  Public  Improvements  will  have  charge  of  the 
work. 

CANADA 

The  Citv  Council.  Quebec.  Que.,  has  authorized  the  con- 
struction of  a  boiler  room  on  Beauport  Road,  estimated  to 
cost  $150,000.      J.   L.   Pinsonnault.   City   Hall,    is  the   Arch. 

Press  reports  state  that  the  LTnited  Gas  &  Fuel  Co..  Hamil- 
ton, Ont..  will  construct  a  coke  and  gas  plant  estimated  to  cost 
$1,500,000. 

H.  J.  Glaubitz,  Engr.  Water-Works,  London,  Ont.,  is  in  the 
market   for   two   wraterwheels.    turbine,    pumps   and   motors. 
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Coimbiiniaftioini  Electlrlc  s^inidl  Ice  Pls^mitt^ 
Keimtuiicliy  Tr^ctloim  s^imdlTennniiinial  COo 


By  Wahken  0.  Uogers 


SYNOP'^^IS — A  combined  electric  and  ice  plant.  Elec- 
tric energy  is  generated  by  two  2oOO-kw.  turbo-generators 
supplied  with  steam  from  four  1000-hp.  water-tube  boil- 
ers. The  ice  plant  w  a  75-ton  capacity  exhaust-steam 
system.  Steam  for  the  generator  is  taken  from  a  160- 
kp.  turbine  wliich  drives  a  centrifugal  pump  supplying 
water  to  the  steam  condensers.  The  ammonia  condenser, 
rectifier  and  weak-liquor  cooler  are  of  the  atmospheric 
type  and  placed  on  the  boiler-room  roof. 

Four  years  ago,  or  in  1010,  the  Lexington  Railway  Co., 
operated  an  antiquated  power  house  in  which  were  belt- 
driven  railway  generators,  vertical  steam  turbines,  etc. 
In  connection  with  this  plant  was  a  50-ton,  steam-driven 
compression  ice  plant,  all  of  which  had  been  run  about  a 
year  under  the  management  of  F.  W.  Bacon,  vice-presi- 
dent, and  A.  A.  Robertson,  superintendent  of  production ; 
then  the  firm  of  Sargent  &  Lundy  was  connnissioned  to 
build  a  new  $500,000  power  plant.  Tlie  company  was  re- 
organized and  is  now  known  as  tlie  Kentucky  Traction  & 
Terminal  Co. 

The  new  plant,  at  Lexington,  Ky.,  is  one  of  the  clean- 
est and  most  attractive  in  the  .South,  and  although  it 
has  a  capacity  of  but  5000  kw.,  its  layout  arrests  the  at- 
tention of  the  visitor  as  soon  as  he  enters. 

Fig.  1  is  a  view  of  the  plant  from  the  rear.  The  struc- 
ture is  of  concrete  and  brick,  the  concrete  reaching  on  the 
boiler-room  side  to  a  level  with  the  car  track.  The 
boiler  and  the  turbine  rooms  are  well  lighted  by  the 
large  windows. 

TuuHixE  Room 

The  two  2o00-kw.  turbo-generators.  Fig.  2,  are  placed 
crosswise  of  the  turbine  room,  with  ample  room  for 
the  operator  to  get  about  and  to  make  the  repairs.  The 
plan  and  elevation.  Fig.  3,  show  the  general  arrange- 
ment of  the  apparatus  on  the  turbine-floor  level.  At 
the  far  end  of  the  plan  view  is  No.  1  turbiue,  with  its  9 


and  23  by  16-in.  air  pump.  Next,  there  arc  three  tur- 
bine-driven circulating  pumps,  two  of  wliich,  placed  cross- 
wise of  the  room,  are  16  in.  in  size  and  have  a  capacity 
of  8000  gal.  of  water  per  min.  at  1000  r.p.m.  Eacli  is 
driven  by  a  IGO-hp.,  single-stage  horizontal  turbine.  The 
third  pump,  placed  lengthwise  of  the  room  in  line  with 


Fig.  1.     View  of  the  Power  Plant  from  the  Rear 


Fig.  2.    Two  Views  of  the  Tuebine  Room,  Showing  the  Genekal  Layout  of  the  Various  Units 
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ihc  crauk  eud  of  the  two  air  jnmip.s,  iis  a  10-iu.  pump, 
with  a  capacity  of  3000  gal.  per  min.,  and  is  driven  l)y  a 
OO-hp.,  ,<ingle-stage  turbine. 

The  second  air  pump  is  of  the  same  size  as  that  iised 
with  Xo.  1  condenser.  No.  2  turbine  comes  next  and 
lines  up  with  Xo.  1  \init.  At  the  right  of  No.  2  turbine 
are  two  exciter  units;  one  is  a  turbo-generator  set  of  75- 
kw.  capacitA-,  125  volts,  at  3300  r.p.m.,  the  other  is  an 
induction  motor-generator  set  of  75-kw.  capacity,  125 
vdlts  at  1165  r.p.m. 

Two  lOTo-hp.  synchronous  motor  sets  deliver  600-volt 
current  at  51-4  r.p.m.  for  street-car  service  in  the  heart  of 
tiie  city,  the  high  voltage  of  the  main  generator  being 
transmitted  to  substations  for  distant  points. 

Next  to  the  wall  separating  the  boiler  and  turbine 
rooms  is  a  1-1  and  8  by  15-in.  duplex  boiler-feed  pump. 
When  the  plant  was  first  built,  there  were  two  pumps, 
one  on  each  side  of  the  heater,  but  one  has  been  and  the 
one  in  the  turbine  room  will  be  removed  to  the  basement 
s(j  that  the  turbine  room  may  not  be  disfigured  by  water 
leakage  around  the  pumps. 


CerrhrlineafA 
2500-Ki,ivrbine  ■-■'1< // 


the  main  turbines.  Exliaust  steam  enters  the  top  of  the 
condensers  at  the  center  through  a  5-ft.  diameter  corru- 
gated expansion  joint.  Condensate  from  the  condenser 
passes  to  the  hotwell  through  a  6  in.  line  and  is  pumped 
to  the  heater  through  a  3-in.  pipe.  Each  turbine  exhaust 
is  connected  to  a  24-in.  atmospheric  exhaust  extending 
through  the  basement  to  the  boiler-room  side  of  the  par- 
tition wall,  where  it  is  run  through  the  roof. 

Water  from  the  cooling  pond  flows  by  gravity  through 
a  -lO-in.  concrete  pipe  to  a  well  in  the  power  house 
from  which  a  30-in.  east-iron  pipe  runs  to  a  point 
below  the  large  circulating  pumps  and  which  are  con- 
nected by  20-in.  pipes  with  the  main  suction  line. 
The  discharge  lines  from  these  tw'o  pumps  are  each 
20  in.  in  diameter  and  the  suction  line  to  the  small 
circulating  pump  is  l-t  in.  in  diameter.  The  12-in. 
discharge  pipe  connects  with  the  discharge  pipe  of 
each  of  the  large  circulating  pumps.  Valves  with  ex- 
tension stems  and  floor  stands  are  so  arranged  that  the 
small  pump  can  be  operated  with  either  condenser,  or  in 
conjunction  with  either  of  the  large  pumps.     The  dis- 

Center  line  of  ?S00- 
k>r  turbine 


1'     ■^i^   'c^-^-'^joUkU Pu-r-a 

'^/mw/w/m/mmmm  "     w, 

m/w/w/wm/m 


'//////f/f/ff///////// 
Fig.  4.    Elevatiox  of  the  Tuebine  and  Pump  Piping 


At  the  head  end  of  each  main  turbine  is  a  vertical  6 
and  10  by  12-in.  hotwell  pump,  which  removes  the  hot 
water  from  the  condenser  hotwell  and  forces  it  to  the 
4000-hp.  open  heater,  next  to  the  boiler-room  wall.  As 
only  the  steam  cylinder  of  tlie  hot-well  pump  protrudes 
above  the  turbine-room  floor,  all  leakage  from  the  pimip 
end  is  drained  directly  to  the  sump.  This  is  all  of  the 
apparatus  in  the  tijrbine  room  except  the  ammonia  gen- 
erator and  the  aqua  pumps  of  the  refrigerating  system, 
which  is  operated  on  exhaust  steam  from  the  au.xiliary 
turbines.     Tlie  system  will  be  described  later  on. 

Piping 

With  the  exception  of  the  boiler-feed  pump,  hotwell 
pumps  and  a  few  traps,  the  only  other  apparatus  in  the 
basement  are  the  t\vo  surface  condensers,  each  containing 
7500  sq.ft.  of  cooling  surface.  This  gives  a  ratio  of 
turl)iiif  capacity-  to  .  ondenser  cooling  surface  of  1  to  3. 
The  condensers  in  the  basement  are  at  right  angles  to 


charge  and  suction  lines  of  the  latter  are  also  fitted  with 
extension  valve  stems  and  floor  stands. 

Steam  for  the  two  main  turbines  is  taken  from  the 
12-in.  main  header  in  the  boiler  room,  through  8-in.  long- 
radius  bend  pipes.  The  auxiliaries  take  steam  from  a  5- 
in.  auxiliary  header  in  the  basement,  piped  to  the  main 
sleam  header  at  each  end.  The  two  large  and  the  small 
circulating  pumps  receive  steam  through  a  31/0-  and 
21/^-in.  line,  respectively;  the  exhaust  lines  are  10-  and  7- 
in.,  connected  with  a  12-in.  exhaust  header,  piped  to  the 
open  heater  and  to  an  8-in.  atmospheric  exhaust.  An  ele- 
vation of  the  piping  of  the  turbines  and  auxiliaries  is 
shown  in  Pig.  4. 

Owing  to  the  scarcity  of  cooling  water,  a  si)ray  cooling 
pond  has  been  built  612  ft.  from  the  power  plant.  This  is 
because  the  old  reciprocating  plant,  now  dismantled,  was 
at  the  end  of  the  old  cooling  pond,  and  as  the  new  plant 
would  require  more  pond  area,  an  addition  was  made. 
The  old  and  new  ponds  are  divided  by  a  dam;  the  two 


OctuIxT  I-!.  l!ili 


I'o  WEE 


51!) 


Fig. 


.Spray-Cooling  Poxd,  Old  Plant  at  the 
Eight 


combined  are  about  300  ft.  long  with  an  average  width  ot 
125  ft.  and  a  capacity  of  3,000,000  gal.  In  all  there  are 
109  spray  nozzles  with  a  total  capacity  of  20,000  gal. 
of  water  per  niin.,  and  cooling  it  15  to  20  deg.  A  view 
of  the  pond  is  shown  in  Fig.  5. 

BolLEI!   EooM 

The  hcjilcr  room  contains  I'oiir  lOOO-hp.  water-tube 
boilers.  Each  has  5000  sq.ft.  of  heating  surface  and  car- 
ries 200  lb.  of  steam  superheated  125  deg.  Dutch-oven 
furnaces  are  employed  with  automatic  stokers  8  ft.  9  in. 
long  and  12  ft.  wide,  a  total  of  105  sq.ft.,  or  1  sq.ft.  of 
grate  area  to  47.6  sq.ft.  of  boiler-heating  surface. 

Aljove  the  stokers  is  a  coal  hopper,  which  is  kept  sup- 
]ilied  by  means  of  a  5-ton  traveling  crane  and  grab  bucket. 
Eun-of-mine  coal  is  delivered  to  the  boiler  room  in  rail- 
road cars,  Fig.  1,  and  is  unloaded  into  a  1000-ton  coal- 
storage  pit.  Adjoining  this  pit  is  a  second  of  the  .same 
capacity,  over  which  a  traveling  cruslier  and  hopper 
runs  on  a  wide-gage  track.  It  is  driven  by  a  -lO-lip.  mill- 
type  motor.  The  crane  is  equipped  with  a  30-hp.  clos- 
ing motor,  a  lO-hi").  running  .service  motor,  a  20-hp. 
bridge  motor  and  a  40-hp.  motor  for  hoisting. 

The  second  bridge-wall  of  the  boiler  furnaces  is  centered 
under  the  first  batTle-wall,  and  extends  to  the  bottom  of 
the  furnace.  Back  of  this  bridge-wall  is  an  outlet  for  dis- 
charging soot  from  tlie  rear  end  of  the  lioilcr  setting 
into  an  a.sli  car  on  a  narrow-gage  (rack,  built  under 
the  ash-pit  lioppcrs,  and  running  lengthwise  of  the  boiler- 
room  basement.  The  ash  car  is  thus  made  to  serve  the 
double  ])urpose  of  handling  ashes  and  soot  from  the  same 
track.  Ashes  an;  discharged  into  a  concrete  'i5-sq.y(I. 
storage  pit  at  one  end  of  the  coal-storage?  pits.  Fig.  :i. 
and  tiie  accumulation  is  hoisted  by  (he  (.'rane  Iniclsct  and 
loaded  into  cars  for  final  rcn)o\al. 

I'lacli  boiler  is  jiiped  to  the  main  12-in.  header  liv  a  H- 
iii.  lead,  wliicli  connects  at  i]w  boiler  cml  with  the  onlh  ( 
fi'oni  (lie  su])erlieatcrs.  Feed  water  is  supplic^l  by  (wo 
independent  5-in.  feed  lines,  dropping  to  the  ba  emcJit 
from  the  main  feed  header  back  of  the  boilers  aTid  con- 
necting with  a  .second  bciidcr  in  the  bascnienl,  from 
which  separate  feed  lines  run  1o  cm  li  boiler.  Tlii;  ati.xiliarv 
feed  lines  run  up  and  are  lirouglit  o\cr  (be  (o))  of  (he  boil 
ers  to  a  bead(!r  from  which  separate  feed  lines  are  pipe(l  i^ 
the  boilers.  This  arrangement  [trovides  rca.soiiably  reliable 
service  against  feed-water  failure  and  at  the  same  time  re- 
moves a  nuiss  of  feed  piping  from  the  boiler  froids  where 
it  would  interfere  with  rejiair  work,  etc. 


Gases  in  reaching  the  smoke  uptake  from  the  furnace 
flow  through  three  passes  in  the  boiler  and  disidiarge  at  the 
top  at  the  rear  end  into  a  4x1 1-ft.  lined  steel  uptake, 
having  an  area  of  44  sq.ft.  The  main  smoke  flue,  Fig. 
6,  on  the  roof,  is  made  of  sheet  steel,  lined  with  firebrick 
and  is  rounded  on  top.  The  flue  is  8  ft.  6  in.  wide  and  is 
8  ft.  6  in.  and  12  ft.  9  in.  high  at  the  small  and  large 
sections,  respectively.  This  smoke  flue  extends  the  length 
of  the  boiler  house  and  enters  a  concrete  chimney  215 
ft.  high  with  a  1 2-ft.  diameter  at  the  top.  This  gives  a 
stack  area  of  113  sq.ft.,  or  a  ratio  of  grate  and  stack  area 
of  1  to  1.0:(!. 

The  boiler  tulx-s  are  kept  clean  Ijy  a  system  of  tube 
blowers. 

Electkical  Api'akatus 
On  the  turbine  side  of  the  building  are  the  switchboard 
bay  and  gallery,  which,  with  the  basement  level,  gives 
three  floors  for  the  electrical  control  apparatus.  The 
main  switchboard.  Fig.  7,  is  in  a  bay,  upon  which  are 
mounted  the  necessary  recording  and  indicating  instru- 
ments, switches,  etc.  All  high-voltage  switches  are  o]i- 
erated  by  remote  control.  The  circuit-breakers,  oil 
switches  and  busbars  are  housed  in  brick  compartments 
ill  the  basement.  Figs.  8  and  9. 

Eefkigei.'Ating  Ai>1'ai;atus 

In  conjunction  with  (he  electrical  generation  of  power, 
byproduct  ice  is  made.  This  is  sold  at  retail  by  tlie  com- 
pany in  Lexington  and  to  ice  plants  in  the  neighborhood. 
During  the  winter  months,  when  the  local  demand  for  kc 
is  small,  the  company  furnishes  ice  to  its  competitors  in 
Lexington  and  to  ice  companies  in  the  general  territory. 

The  economical  production  of  ice  by  the  combined  elec- 
tric ice  plant  is  due  to  the  absorption  ice  system,  which 
uses  exhaust  steam  in  the  generator  that  has  already  jier- 
formed  work  in  the  electric  plant.  The  ice  is  shipped  in 
the  ('ompany's  ice  cars,  which  are  run  over  the  interurban 
lines  leading  to  the  surrounding  country.  Due  to  the 
constant  demand  for  ice,  the  plant  is  operated  at  nearly 
full-rated  capacity  throughout  the  year.  The  operating 
cost  per  ton  of  ice  is  low. 

The  new  power  ])lant  is  about  (iOO  ft.  from  the  tank 
room  and  storage  house.     The  new  ice-storage  house  has 
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liich  10  pipes  high;  below  are  28  stands  of  absorber  coils. 
i-AiU  ]'i  pipes  high.  Fig.  10  shows  the  coils  as  arranged 
(111  tlio  l)oiler-house  roof.  Exhaust  steam  for  the  gener- 
:it(ir  is  obtained  from  one  of  the  IGO-lip.  turbines  driving 
the  rotary  pumps  supplying  water  to  the  steam  condenser. 

The  system  is  guaranteed  to  operate  witli  the  conden- 
sing water  at  9.5  deg.  F. ;  this  lias  been  exceeded.  The 
temperature  of  the  water  averages  60  deg.  in  winter  and 
goes  as  high  as  103  in  summer  when  the  system  operates 
at  full  capacity.  The  average  summer  temperature  is 
!)S  deg. 

The  exhaust  steam  from  the  160-hp.  turbine  used  in 
1he  generator  of  course  creates  a  back  pressure  on  the 
turliine,  but  this  does  not  cause  the  steam  consumption 
of  the  turbine  to  exceed  20  lb.  per  hr.  per  ton  of  ice  dur- 
ing the  summer  months.  During  the  winter,  the  increase 
is  al)out  3  lb.  per  hr.  \)cr  ton  of  ice,  as  the  back  pressure 
is  decreased. 

As  the  atmospheric  condensers,  absorbers,  rectitiers,  ex- 
( hanger  and  weak-liquor  cooler  are  on  the  roof  and  the 
generator  at  one  end  of  the  turbine  room  and  elevated 
above  a  stairway,  it  was  not  necessary  to  make  the  liuild- 


Figs.  S  and  9.     Switciu:.-  and  I^lsbai;  Aiiua^ge.ment  ix  the  Basement  of  the  Power  House 


a  capacity  of  .5000  tons ;  it  is  constructed  of  two  layers  of 
8-in.  hollow  tile,  insulated  with  sheet  cork.  The  l)uild- 
ing  is  51  by  01  ft.  and  68  ft.  high. 

The  distance  between  the  old  and  the  new  plants 
brought  up  an  interesting  and  perplexing  problem  as 
to  the  type  of  machinery  to  put  in.  After  due  consider- 
ation, a  'J'o-ton  exliaust-steam,  ice-making  machine,  ca]>- 
able  of  making  72  tons  of  ice  on  the  two  old  tanks,  eaili 
of  412  cans,  was  decided  upon. 

The  generator  of  the  ice  plant  is  shown  at  tlie  rear  of 
the  left  view  of  Fig.  2,  mounted  on  a  platform.  Am- 
monia gas  is  driven  off  from  aqua  ammonia  and  sufficient 
pressure  is  produced  so  that  the  gas,  after  being  dried 
in  the  rectifiers,  is  condensed,  making  liquid  anhydrous 
ammonia,  which  passes  through  a  ll/^-in.  line  to  tlie  old 
power  house,  where  it  is  expanded  through  coils  in  the  ice 
tanks.  The  expanded  gas  from  these  coils,  after  passing 
through  the  coils  in  the  distilled-water-storage  tanks, 
returns  to  the  absorber  on  the  roof  through  a  6-in.  line. 
The  atmospheric  condenser  consists  of  28  stands  of  coils, 
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PRINCIPAL  EQUIPMENT 

No.     Equipment  Kind 

2  Turbo-generators  Horizontal. 

1   Molor-generator,  Induction 


OF  THE  COMBINATION  ELECTRIC  AND  ICE  PLANT  OF  THE  KENTVCKV  TRACTION  AND  TERMINAL  CO. 
^ize  Use  Operating  Conditions  Maker 

1800  r.p.m.,  200  lb.  steam,  3  phase.  fiO  cycle. 


2500  kw Main  units. 


4000,  2300  volts General  Electric  Co. 


1  Turbo-generator.  Curtis,  d. 

2  Pumps Dry  air .  . . 

:;  Conden.sers Surface. . . 


75  kw 

75  kw 

9x22xl6-in 

7500  sq.ft.  cool- 
ing surface 

16-in.,  8,mo  gal. 
per  1 


Exciter  for  main  turbines. 
Exciter  for  main  turbines. 
On  condensers 


1165  r.p.m.,  3  phase,  60  cycle.  125  volts 

3300  r.p.m.,  200  lb.  steam,  125  volts,  GOO  amp.. 


Non-condensing,  rotating. 


J  Pumps Centrifugal.. 


1   Pump Centrifugal..  10-in..   3000  gal. 


'2  Turbines Kerr 

1  Turbine Kerr 

2  Motor-generators  Synchro- 

nous.d.c.g. 
1*  Pumps Vertical 

1  Heater Open 

2  Boilers B.  A  W 

2  Boilers Edge  Moor. 

4  Stokers Murphy. . .  . 

4  Superheaters. . . .    Foster 

1   Crane Traveling. . . 

1  Chimney Concrete .... 


160  hp.. 
60  hp... 


1075  hp.,  : 
6xl0xl2-ii 
4000  hp. . 
1000  hp.. 
1000  hp... 


With  main  turbines 

Circulating   water   for   con 

densers 

Circulating   water   for   con 

densers 

Driving  circulating  pumps. 
Driving  circulating  pump .  . 

Railway  circuit 

Pumping  hot-well  water.  .  . 

Heating  feed  water 

Steam  generators 

Steam  generators 


1000  1 


turbir 


1300  r.p.m.  turbine  driven 

1000  r.p.m.,  200  lb.  steam 

1300  r.p.m..  200  lb.  steam 

514  r.p.m..  514  volts,  3  phase,  60  cycle 

600  volts 

200  lb.  steam 

Heating  feed  water  to  200  deg 

200  lb.  steam,  125  deg,  superheat.  .  . 
200  lb.  steam,  125  deg.  superheat.  .  . 


4   Blowers Vulcan.  . 

1  Ref.  System Absorptit 

2  Pumps Simplex. 


Superheating  steam 

5  ton Handling  coal 

215  ft.  high.  12  ft. 

inside  dia Furnace  gases 

Boiler  tubes 

75  ton Ice  making 

16x8x16 Aqua  from  receiver  to  gener- 
ator  

Sump  water 

30  ton Turbine  room 


125  deg 

Motor  operated,  intermittent 


Natural  draft 

Steam  at  boiler  pre.^sure . 
Exhaust  steam.  .  .  . 


One  held  .as  ri 

Intermittent 

Electrirallv 


General  Electric  Co. 
General  Electric  Co. 
Wheeler  Condenser  «fe  Eng.  Co. 

Wheeler  Condenser  &  Eng.  Co. 

Wheeler  Condenser  &  Eng.  Co. 

Wheeler  Condenser  &  Eng.  Co. 
Kerr  Turbine  Co. 
Kerr  Turbine  Co. 

General  Electric  Co. 
Warren  Steam  Pump  Co. 
Pheonix  Iron  Co. 
Babcock  &  Wilcox  Co. 
Edge  Moor  Iron  Works. 
Murphy  Iron  Works. 
Power  Specialtv  Co. 
Toledo  Bridge  &  Crane  Co. 

M.  W.  Kellogg  Co. 
Vulcan  Soot  Cleaner  Co. 
The  Carbondale  Machine  Co. 

The  Carbondale  Machine  Ci). 

Veomans  Bro.s. 

Toledo  Bridge  and  Crane  Cn. 


inir  any  lariror  than  required  for  the  electrical  apparatus,  wliich  tlie  water  is  handled  hv  an  eleetrie  sewaij-e  ejeotur. 

The  1(5  and  8  In*  16-in.  aqua  pumps  are  in  duplicate  and  All  hi,irli-pressure  drips  are  piped  to  a  receiver  and  the 

are  under  the  platform  supporting  the  generator.  condensate  is  returned  to  the  hoilers.     A   iJO-ton   rraiic 

Drainage  from  all  the  departments  goes  to  a  sump  from  spans  the  turhine  room  and  is  electrically  equipped. 


l^lzSj,  Jro 


syXOPSIS — The  injector  fails  to  work  with  the  ivater- 
sii/i/ili/  rrilrr  wide  open.     WiJ!  Ihrottlex  the  supply  and 
i/i'ls  it.  (join;],  but  does  not  know  why  it  was  necessnry. 
He.  as  usual,  nsls  Chief  Teller. 
»i 

"I  put  tlif  injcctni-  nn  vhile  I  did  some  work  on  llic 
Iced  pump  last  niglit,  cliicf.  I  tliought  I  was  wise  to  all 
of  its  mood.li,  but  it  did  not  act  as  it  used  to.  The  extra 
pressure  on  the  water  main  seems  to  liavo  something  to 
dii  witli  it.  because  I  had  to  close  the  water-supply  valve 
fiart  way  before  it  Avould  take  hold.  We  used  to  run  with 
ii  wide  open.     What  is  the  reason?" 

■■'i'he  increased  pressure.  Will,  gives  llie  injector  more 
work  or  water  than  it  can  handle.  For  example,  a  steam 
jel  or  nozzle  of  the  .same  size  acting  on  the  rotor  of  a 
tujbine,  u.sed  to  pump  water  into  a  Ijoiler,  will  hanille  a 
eei'tain  amount  of  water  and  no  more.  Tiie  same  is  true 
of  the  jet  in  the  injector.  If  vou  flood  it  with  )iiorc 
water  than  can  be  given  the  ncessary  velocity,  it  will 
kick,  of  course.  If  the  turbine  drove  a  generator  and  you 
tried  to  draw  amperes  beycind  its  power,  the  voltage 
would  drop  as  the  speed  reduced,  Init  with  the  injector 
the  speed,  the  velocity  of  the  water,  must  be  kept  up  to 
thai  necessary -.to  equal  or  exceed  the  counter  pressure 
iind  pipe  friction. 

'■Su]jpose  you  had  an  ejc.'ctor  using  steam  at  lO-lii. 
pressure  at  the  jet  with  a  length  of  pipe  screwed  into  the 
discharge  end,  and  a  funnel  in  the  side  opening.  If  you 
introduced  sand  through  the  funnel  in  front  of  the  jel 
it  would  partake  of  some  of  the  velocity  of  the  sleam 
and  be  discharged  from  the  pipe  end.  If,  however,  you 
increased  the  fpiantity  of  the  sand  and  elevated  the  pipe 
end,  you  would  soon  reach  the  limit  of  tlie  capacity  of  the 
jet  and  no  sand  would  be  discharged. 


"Sow,  just  what  happened?  In  the  first  place,  the 
sand,  which  had  no  motion,  received  or  absorbed  enough 
of  the  velocity  of  the  steam  to  reach  the  end  of  the  pipe 
against  whatever  resistance  there  was.  'I'lieu  as  the 
amount  of  sand  was  increased  and  the  elevation  added, 
the  velocity  of  the  discharge  diminished  until  the  kinetic 
energy  of  the  jet  was  all  absorbed  before  the  end  of  llie 
pipe  was  reached. 

"The  whole  operation  would  stop  just  as  the  injectci 
stop)ied.  If  you  could  have  reduced  the  resistance  to  the 
discharge  from  the  injector,  it  would  work  with  the 
inlet  valve  wide  open,  but  since  that  could  not  be  done 
and  still  feed  the  boiler  from  which  the  steam  came,  then, 
of  course,  the  thing  to  do  was  io  I'educe  the  amount  ol 
supply.  If  it  cannot  handle  the  full  amount,  give  it  less 
weight  of  water.  Why  not?  This  alsn  holds  goml  when 
the  steam  pressure  is  down. 

'"Think  of  the  water  in  the  pipe  as  a  long  arrow,  driven 
forward  by  the  jet.  which  must  have  sufficient  velocilv 
to  'peneti'ate'  into  the  boiler  against  the  ])ressure  and 
friction  resistance.  The  pressure  represents  the  I'eei 
elevation,  and  the  weight  of  water  handb^l  the  ponnds.  so 
that  it  becomes  foot-jiounds  of  work. 

"By  the  way,  the  injector  is  one  of  the  7nost  ellicieni 
])ieces  of  steam  apparatus  known.  When  considered  as  a 
boiler  feeder  and  heater  combined  it  is  IHO  per  cent,  clli- 
cient  less  the  small  loss  by  radiation,  which  goes  to  show 
that  the  whole  case  is  not  stated  when  it  is  said  thai  ii 
is  not  an  cconomii'al  l)oiIer  feeder.  Of  course,  if  there  i- 
exhaust  going  to  waste,  then  using  live  steam  to  heat  the 
water  as  well  as  to  ])ut  it  into  the  boiler  by  means  of  an 
iiijcitor  is  not  the  proper  thing,  liut  in  many  ca -e ; 
an  exhaust-steam  injector  might  he  used.  Tiook  np  ibe 
subject  of  exhaust  injectors,  which  seems  to  be  a  parailo\." 
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Steel  So.iO)in)© 


By  J.  ('.  Laiiikop 


SYXOPSIS—A  radial  brick  chimney,  l'JO  ft.  Iii(/li,  25 
ft.  in  diameter  and  veirjhing  about  1200  tons,  is  erected 
and.  supported  abore  Hie  bailers  on  structural  steel- 
worl:  The  preUminwi/  work  was  begun  Apr.  '23  anS 
completed  on  June  12.  The  cost  for  all  labor  was 
.$2117.25.  Twenty  carloads  of  chimney  brick  and  three 
of  frehrick  were  used. 

The  constraction  of  a  radial  brick  chimney  on  8tnic- 
tiiral-steel  supports  at  the  Westport  power  station  ol'  ilie 
Consolidated  Gas,  Electric  Light  &  Power  Co.,  of  Balti- 
more, has  created  considerable  interest.  This  chimney 
will  serye  12  water-tube  boilers,  each  having  a  uominnl 


rating  of  1000  lip.  and  will  probably  be  forced  to  300 
per  cent,  of  rating  at  times.  Six  of  these  boilers  are 
now  on  one  side  of  the  stack  and  the  other  six  will  be 
placed  in  an  addition  to  tire  building  which  will  be  built 
adjacent  to  the  side  shown  in  Figs.  2  and  .3. 

A  chimney  with  an  internal  diameter  of  about  20  ft., 
rising  250  ft.  above  the  grates,  was  required,  the  stack 
to  be  supported  upon  a  steel  deck  at  the  roof  level  bo 
that  the  space  in  the  boiler-room  basement  and  main 
Hoor  could  be  used  for  pumps  and  other  auxiliaries. 

Reasox  for  Selictiok  of  Brick  Chimxey 

It  was  at  first  thought  that  tlie  most  economical  de- 
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&ig\i  woiilil  in'  a  brick-lined  steel  stack,  carried  upon  the 
btructural-steel  work  of  tlie  building.  Such  stacks  are 
quite  common  in  Xew  York  and  other  large  cities  and 
have  given  good  service.  There  was  doubt,  however,  as 
to  the  ultimate  economy  of  this  construction  as  compared 
with  a  radial  brick  chimne}'  supported  upon  similar  steel 
work.  Therefore  an  estimate  was  prepared  for  each 
design  based  upon  a  minimum  thickness  of  steel  of  14  ^^• 


signed  for  more  than  twice  the  total  load  in  the  case  of 
a  steel  stack.  In  addition,  a  brick  chimney  appears  much 
more  pleasing  than  a  steel  stack,  and  there  is  little  dnulu 
that  the  dui-ability  is  miich  greater. 

STItUCTnUL-STEKL    SuPPOHT 

The  base  rests  directly  upon  eight  steel  girders  72  in. 
deep,  six  resting  upon  the   four  interior  columns,   the 


Fig.  3.     Cuimnev  aduut  IIalp  CoitrLETED 


Fig.  3.    Completed  Juxe  12 


.\lthougli  the  comparative  estinuitc  was  based  upon  a 
higher  price  for  a  radial  brick  cliiinncy  llian  was  named 
in  tlie  final  contract,  the  coot  of  the  l)rick  chininoy.  with 
the  additional  steel  work,  together  with  the  foundation, 
])i]ing,  etc.,  was  less  than  that  for  the  steel  stack  with 
brick  lining.  Furtlierrnore,  it  would  not  have  been  good 
policy  to  use  metal  as  tliin  as  y^  in.,  even  in  the  upper 
portion  of  a  chimiioy  of  (his  size.  It  must  also  be  re- 
membered tliat  the  wind  strains  are  altout  tlie  same  in 
cither  case,  and  while,  willi  tlie  brick  construction,  the 
foundations  were  designed  for  about  doulile  the  total 
dead  load  on  that  account,   thev  would   need   to  be  dp- 


rlher  two  framing  into  other  girders  which  transmit  a 
poi'tion  of  the  load  to  four  additional  columns.  Tills 
construction  is  shown  in  Fig.  1.  Horizontal  wind  bracing 
was  so  provided  between  these  eiglit  columns  that  the 
wind  strains  are  carried  to  the  foundation  through  the 
colunms,  althougli  tlie  direct  weight  of  the  stack  is  mainly 
supported  by  the  four  center  columns. 

'J'he  bracing,  designed  to  carry  the  horizontal  strains 
from  the  wind  on  the  stack  to  the  grounil,  also  is 
shown  in  Fig.  1.  The  lattice  girders  also  supjtort  a 
floor  at  tiie  level  21  ft.  !)  in.  above  the  main  boiler- 
room    floor. 


-)24 


P  0  W  E  R 


Vol.  40,  No.  ]  .5 


The  four  center  columns  are  supported  upon  a  single 
monolithic,  reinforced-conerete  foundation.  The  loads 
are  transmitted  to  this  foundation  from  the  columns 
ill  rough  a  double  system  of  grillage  consisting  of  four 
"ii-in.  I-beams  8  ft.  long  under  each  column,  these  resting 
1)11  a  second  layer  of  tuen(y-six  18-in.  I-beams  21  ft.  S  in. 

">i'f'""""';!it,- "^;i'0i ' 


C    "Alining  of  Hue 

Fig.  4.     Dimexsioxs  of  Stack 

long.  The  lower  section  of  each  column  weighs  438.7 
lb.  per  ft.  and  is  composed  of  one  14-in.  Bethelehem  H- 
coluran,  with  two  18-in.  plates  each  2%  in-  thick. 

The  entire  foundation  is  held  by  piles  from  10  to  50 
fl.   i^   IniT'th.      .\s  these   piles   ovidentlv   rest   upon    th? 


bank  of  an  old  stream  filled  with  silt ;  it  caused  some  ap- 
prehension until  the  chimney  had  been  entirely  com- 
jsleted  and  no  settlement  whatever  was  detected. 

The  chimney  is  20  ft.  2  in.  in  diameter  inside  and  rises 
lo  a  height  21.5  ft.  above  the  steel  supporting  girders; 
The  outside  diameter  at  the  base  is  28  ft.  5%  in. ;  the 
complete  stack  weighs  about  1200  tons;  see  Fig.  3. 

The  usual  method  of  erection  was  adopted  by  the  con- 
tractor, the  Alphons  Custodis  Chimney  Construction  Co. 
.V  platform  was  raised  as  the  work  proceeded,  tlie  ma- 
terial being  delivered  to  it  in  a  tub  raised  by  a  lioisliiig 
engine. 

Lahok  Axn  Erection 

Tlie  preliminary  work  was  Ijcgun  on  Apr.  17  and  it 
was  completed  about  Apr.  23.  Fig.  1  shows  the  condi- 
tion of  the  work  on  Apr.  27,  when  G  ft.  of  the  chimney 
proper  was  finished.  This  portion  was  the  most  difficult, 
as  several  roof  l)eams,  etc.,  had  to  l)e  put  into  place  in 
the  brick  work.  The  photograph  Fig.  2  shows  the  chini- 
p.ey  a  little  more  than  half  built,  while  Fig.  3  shows  the 
slack  as  completed  on  June  12,  1!)14.  The  cement  cap 
was  ])ut  on  June  3,  and  the  final  work  of  placing  the 
firebrick  lining,  cleaning  up  and  removing  the  machinery, 
etc.,  was  done  from  June  4  to  12,  eight  weeks  from  the 
lime  this  work  was  begun. 

LABOR  COST 

Foreman,   40  days  at  $S $320.00 

Engineer,  40  days  at  $5 ^00. 00 

Bricklayers.    1303   hr.   at    65c ^^S", 

Laborers.   3752   hr.  at   20c '50.40 

Total    cost    of    erection $2117.35 

Date  Height  completed  Date  Height  completed 

April   23  Preliminary  work  May  19  125'    11" 

April   24  Preliminary  work  May  20  135'    5 

April  25  Preliminary  work  May  21  144'    5 

April  26  Sunday  May  22  153     5 

April  27  6'    0"  May  23  159      4" 

April   28  13'    5"  May  24  Sunday 

April   29  17'    3"  May  25  169'    G" 

April  30  Unloading  cars  May  26  17S      6' 

Mav       1  24'    1"  May  27  190      0 

May        2  28'    7"  May  28  199'    0" 

Mav        3  Sunday;   unloading  May  29  204      0 

cars  Mav  30  No  work;  high  wind 

May        4  36'    0"  May  31  Sunday 

May        5  Rain  June  1  212     0 

Mav        6  42'    S"  June  2  215     0 

Mav        7  48'    7"  June  3  Cement  cap 

Mav        8  54'    fi"  June  4  Firebrick  lining 

Mav        9  58'    fi"  June  5  Firebrick  lining 

iviav      10  Sunday  June  6  Firebrick  lining 

Mav      n  66'    fi"'  June  7  Sunday 

Mav      12  75'    3"  June  8  Firebrick  lining 

Mav      13  83'    3"  June  9  Lowering  scaffold 

Mav     14  93'    3"  June  10  Cleaning  up 

May     15  101'   9"  June  11  Cleaning  up 

May      16  106'    3"  June  12  Loading   engine   and 

May     17  Sunday  tools 

May     18  116'    3" 

Twenty  carloads  of  chimney  brick  and  two  of  firebrick 
were  necessary.  The  labor  used  and  the  daily  progress 
made  are  given  in  the  accompanying  table. 


AmpSre  and  His  Work— Andr6  Marie  Amp&re  was  a  dis- 
tinguished French  physicist  and  mathematician  (1775  to 
1S36).  His  three  most  important  contributions  to  knowledgt 
were  the  following: 

1.  His  Clear  analysis  and  mathematical  description  of  the 
work  of  Oersted.  It  was  in  the  fall  of  1820  that  Oersted  dis- 
covered the  effect  of  an  electric  current  upon  a  magnetic 
needle.  In  less  than  a  week  after  learning  of  this  dis- 
covery Ampere  had  reduced  the  description  to  a  mathematical 
formula. 

2.  The  discovery  that  electric  currents  produced  a  mag- 
netic effect  upon  each  other;  so  that  when  the  currents  in 
two  wires  are  flowing  in  parallel  directions,  they  attract  each 
other;  but  when  flowing  in  opposite  directions,  repel  each 
other. 

3.  The  hypothesis  that  magnetic  substances  are  made  up 
of  molecules  in  which  electric  currents  circulate,  but  meet 
no  resistance,  these  currents  are  therefore  permanent.  Ac- 
cording to  this  view,  a  body  is  magnetized  when  its  mole- 
cules are  made  to  face  more  or  less  in  one  direction 
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The  importance  of  an  efficient  dust  collector  cannot 
1)0  ovcrestiniatecl,  because  witli  the  ever-inci-easing  amount 
of  coal  burned  in  boiler  furnaces  tlie  floating  dust  not 
(  nly  becomes  injurious  to  health,  but  its  action  is  destrne- 
ti^c.  Dust  has  caused  short-circuits  between  the  elec- 
trical connections  of  switch  and  panel  boards  and  poor  oil 
has  been  blamed  for  hot  bearings,  when,  as  a  matter  of 
fact,  sufficient  prei-aution  ha<l  not  been  taken  to  protect 


little  ahead  and  faster  than  the  dust,  and  when  the  speed 
of  the  air  is  suddenly  arrested,  the  dust  keeps  on  going 
until  the  energy  with  which  it  was  charged  is  expended. 

In  the  dust  collector  here  illustrated,  the  separation 
of  dust  from  the  air  depends  upon  giving  the  air  a  sud- 
den change  of  direction  or  speed.  Office  fans  become 
dirty  at  the  outer  end  of  the  blades,  and  as  they  give  mo- 
tion to  the  air,  it  would  appear  tliat  the  dust  ahvays  lags 
behind  the  motion  of  the  air. 

The  Fedeler  blower  and  (hist  collector,  Figs.  1  and  2, 


Fk;.  1.     FiioNT  AM)  E\»  View  of  tiik  Fedei.ei; 
Dust  Collei  tuu 
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AM)  DiscuAKtiE  End  of  the  Dust 
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Intake  E.n'd  ov  IiEvolving  Uhum 


Fig. 


Siiowi.Nd  Desiuns  oj'  Hafkle  Plates 


till!  bearings  and  engine  room  from  dust.  Oas  engines 
ill  ])ower  liouses  are  frequently  injured  by  dust  whicli 
enters  with  the  gas  and  tends  to  ruin  flic  valves  and  cyl- 
inders. 

Dust  is,  as  a  rule,  a  particle  of  solid  matter  floating 
in  moving  air;  when  the  air  current  is  arrested  the  dust 
>^ttles,  and  to  move  this  ])ar<icle  a  definite  amount  of 
tnergj-  is  required.     Therefore,  the  air  always  moves  .a 


i.i  manufactured  by  John  H.  Fedeler,  11  West  Fortieth 
St.,  N"ew  York  City.  Tt  is  built  with  a  dniin  containing 
a  large  numljer  of  fan  blades  which  revolve  in  a  casing, 
made  with  several  compartments  for  collecting  the  dust. 
Holes  are  formed  in  tiie  drum  to  allow  the  dust  to  be 
liirown  out.  As  the  heavier  particles  are  thrown  out 
first,  the  drum  is  divided  into  sections,  so  that  the  dil- 
feriiit  weights  of  dust  particles  are  drawn  olT' separately. 
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Eeferring  to  Fig.  3,  wliicli  shows  the  intake  end  of  the 
revolving  drum  A,  are  holes  used  only  in  the  construc- 
tion and  then  covered.  B  shows  the  openings  through 
wliich  the  air  flows  along  a  passage  parallel  with  the  shaft 
and  formed  hy  the  tangentially  arranged  plates  C,  which 
are  fastened  to  an  inner,  closed  drum,  to  which  the  driv- 
ing shaft  is  keyed.  The  outer  edges  of  these  air  passages 
are  protected  hy  haffle-plates  D  and  E,  Fig.  4,  the  plates 
C  being  so  bent  as  to  throw  the  dust  outwardly  more 
readily.  The  separating  rings  F,  Fig.  3,  form,  with  the 
outer  casing,  separate  compartments  for  the  ditferent 
grades  of  dust,  but  at  the  same  time  they  project  on  the 
pressure  side  of  the  plates  C,  to  form  the  pockets  G,  in 
which  the  dust  is  first  caught  and  then  thrown  out  of  the 
revolving  drum  into  the  outer  casing.  As  the  pressure  is 
above  atmosphere  inside  the  casing,  the  dust  can  be  drawn 
off  easih"  from  this  point  in  a  concentrated  form  and  eas- 
ily removed. 

Large  machines  work  better  than  small  ones,  because 
with  the  increased  diameter  a  corresponding  increase  in 
the  length  of  the  machine  will  allow  a  longer  passage 


SYNOPSIS — The  functions  of  an  internal  feed  pipe  and 
how  to  arrange  it  for  best  results.  The  only  advantage 
in  feeding  a  boiler  through  the  blowoff  is  that  it  helps  to 
leep  the  pipe  from  becoming  plugged.  A  circulating 
pipe  may  be  connected  with  a  valve  outside  of  the  setting 
that  will  do  the  same  thing.  Stresses  due  to  local  chill- 
ing are  as.  great  as  10,000  lb.  per  sq.in.,  w'hich  is  too 
close  to  the  elastic  limit  of  the  material. 

IXTERXAL    Feed    AltRAXGESIEXTS 

The  purpose  of  an  internal  feed  pipe,  or  any  internal 
feed  device,  is  to  raise  the  temperature  of  the  entering 
feed  as  nearly  as  possible  to  that  of  the  contents  of  the 
boiler  before  discharging  it,  and,  secondly,  to  direct  the 
flow  of  the  discharged  water  so  that  it  will  assist  and 
not  retard  the  natural  circulation  due  to  convection  cur- 
rents in  the  boiler.  In  addition  to  discharging  the  feed 
in  the  direction  of  the  natural  circulation,  it  is  also  nec- 
essary to  prevent  the  entering  water  from  striking  direct- 
ly on  the  heated  shell  plates  or  tubes,  and  particularly 
must  tliis  be  avoided  at  the  joints.  Careful  choice  of 
layout  for  an  internal  feeding  device  Avill  modify  the  de- 
position of  scale  and  sediment. 

The  feed  introduced  at  the  bottom  of  the  boiler,  colder 
than  the  water  inside,  is,  of  course,  always  denser  than 
the  boiler  water;  it  cannot  rise  with  the  natural  circu- 
lation until  it  becomes  so  heated  that  its  diminished  den- 
sity makes  it  rise.  It  follows  then  that  the  feed  inust 
spread  out  on  the  lower  part  of  the  boiler  surface,  dis- 
placing the  hotter  and  lighter  water,  until  it  has  taken 
up  enough  heat  from  the  metal  to  rise  naturally.  The 
metal  is  certain  to  become  appreciably  cooled  by  this  en- 
forced heating  of  cold  water,  because  the  rate  of  heat 
transfer  from  the  hot  metal  to  the  cold  water  depends 
on  the  temperature  difference,  and  will  be  greater  the 
colder  the  water.     The  cooling  is  assisted  because  it  takes 

•Abstract  from  an  article  in  "The  Locomotive." 


for  the  air.  For  example,  air  being  delivered  at  one 
ounce  pressure  has  a  speed  of  about  80  ft.  per  second. 
A  small  machine  of,  say,  2  ft.  in  length  would  have  to 
separate  the  dust,  wliile  the  air  was  passing  through  the 
machine  in  one-fortieth  second,  whereas,  exaggerating  to 
make  it  clear,  if  the  machine  were  40  ft.  long  the  air  would 
stay  in  it  one-half  second.  "With  an  increased  length  and 
diameter,  the  number  of  passages  also  increase  and,  there- 
fore, the  capacity. 

A  separator  of  this  tyj)e  could  be  introduced  between 
tlie  boiler  and  the  economizer  and  used  to  produce  induced 
draft  under  the  boilers,  and  at  the  same  time  clean  the 
flue  gases  under  pressure  of  perhaps  several  ounces  of 
the  economizers. 

A  further  use  of  this  type  of  machine  is  to  ventilate  en- 
gine rooms  and  at  the  same  time  provide  a  clean  supply 
of  air  free  from  dust  and  maintain  a  higher  pressure  in- 
side of  the  room,  wliich  prevents  dust  from  being  sucked 
in.  The  blower  can  also  be  used  in  supplying  clean  air 
for  air-cooled  transformers  and  for  cooling  turbo-gen- 
erators. 
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more  heat  to  raise  the  temperature  of  a  pound  of  water 
one  degree  than  is  given  up  by  the  cooling  of  a  pound  of 
steel  through  a  like  temperature  range,  iloreover,  since 
the  heating  is  so  rapid,  by  far  the  greater  jjortion  of  the 
heat  given  to  the  cold  feed  must  come  from  the  store  of 
heat  already  in  the  metal,  and  not  from  that  being 
transferred  through  the  metal  from  without.  Therefore, 
a  cooling  of  the  boiler  metal  through  a  considerable  range 
at  each  entrance  of  fresh,  cool  feed  water  is  to  be  antic- 
ipated. 

Stkesses  Imposed  by  Cold  Feed  Water 

It  is  well  to  consider  the  magnitude  of  the  mechanical 
stresses  involved  when  a  boiler  shell  is  locally  cooled. 
Some  years  ago  tliis  subject  was  considered  in  The  Loco- 
motive (March,  1893),  and  calculations  were  made  for 
the  case  of  a  steel  boiler,  working  at  100  lb.,  into  which 
feed  water  at  100  deg.  F.  was  introduced.  It  was  shown 
that  under  such  conditions  the  plate  would  experience 
a  drop  in  temperatttre  of  some  200  deg.  F.,  and  also  that 
if  the  plate  could  be  conceived  of  as  being  held  rigidly 
at  the  edges  by  the  itnchilled  portions  of  the  boilers, 
stresses  of  37,700  lb.  per  sq.in.  might  be  developed  in 
the  chilled  portions.  This  stress  is  great  enough  to  seri- 
ously damage  the  plate,  or  even  rupture  the  girth  seams, 
but  it  is  unlikely  that  so  great  a  stress  is  produced,  be- 
cause the  cooled  portion  of  the  plate  is  not  held  at  its 
edges  by  an  absolutely  rigid  structure,  but  is  part  of  a  i 
shell  which  is  elastic  and  yields  under  the  pull  of  the 
cooled  portion.  Calculations  which  took  account  of  this 
sort  of  action  in  the  chilled  boiler  plate  led  to  the  con- 
clusion that  stresses  of  the  order  of  8000  to  10,000  lb. 
per  sq.in.  might  be  expected  to  occur  in  the  particular 
boiler  considered.  This,  of  course,  would  be  in  addi- 
tion to  the  pressure  stress  which  a  working  boiler  is  al- 
ways called  upon  to  carry.  A  boiler  plate,  when  stressed 
by  the  admission  of  cold  feed  water,  must  bear  stresses 
quite  too  close  to  the  elastic  limit  of  the  material    for 
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The  internal  feed  ])ipG  for  pre\enting  these  stresses 
cousists  of  a  length  of  piping  near  the  water  line  and 
of  such  length  that  the  feed  may  be  heated  in  traversing 
it  veiy  nearly  to  the  l)oiler  temperature.  Tlie  discharge 
end  is  so  located,  depending  on  the  type  of  boiler,  as  to 
direct  the  water  flow  away  from  the  joints  and  the  sliell, 
and.  so  far  as  possible,  with  tlie  natural  circnlatioii. 

Tlie  various  forms  of  steam-space  feed  depend  on 
liieaking  up  the  incoming  water  into  a  spray  or  thin 
i-lieet  so  as  to  expose  a  large  surface  to  contact  with  the 
steam.  The  elfect  is  to  condense  enough  of  tlie  steam  to 
raise  tlie  water  to  boiler  temperature  while  falling  to  the 
surface  of  the  water  alivady  in  the  boiler. 

Desk!:.  of  Ixteuxal  Feed  Pipe 

Tlie  design  of  an  internal  feed  ]3ipe  must  vary  with 
the  ty])e  of  boiler.  In  tlie  horizontal-return  tubular  tlie 
best  practice  is  to  carry  tiie  pipe  through  the  front  head 
at  the  side  and  just  above  the  top  row  of  tubes.  Tlie 
pipe  then  exteiuls  back  toward  the  rear  head  for  about 
two-thirds  or  perhaps  three-fourths  of  the  tube  length, 
running  parallel  with  the  tubes.  At  this  point  its  direction 
is  changed  through  ninety  deg.  by  an  elbow,  and  tlu; 
pipe  is  carried  across  the  boiler  to  a  ])oint  near  the 
opposite  side  where  it  terminates  in  an  open  elbow, 
which  is  arranged  to  face  down.  The  ]iii)e  sliould  he 
rigidly' supported  by  straps  from  the  braces  so  that  tlieiv 
can  be  no  ciiance  of  its  rubbing  on  the  tubes  or  plate 
when  it  pulsates  under  the  intermittent  action  of  the, 
pump.  If  there  is  luhbing,  a  very  ra]iid  corrosive  action 
will  ocelli-  at  the  ]iiiiiit  of  contact.  The  cause,  often 
wrongly  attrilnited  to  friction  alone,  is  to  be  found  in  the 
displacement  of  rust  m-  scale  at  each  juilsation  of  the 
feed  pi|)e  so  tliat  ricsli  metal  is  constantly  exposed  to 
the  corrosive  action  of  the  boiler  water,  so  tiiat  a  ra])id  at- 
tack is  to  he  ex]5ected  even  from  waters  not  otiierwise 
especially  corrosive. 

In  a  vertical  tnbular  boiler  the  internal  feed  pij)e  i.s 
Usually  fitted  to  discharge  just  below  the  water  line,  near 
the  center  of  the  tnlio  nest.  This  arrangement,  while 
quite  satisfactory,  has  caused  troulile,  in  at  least  one 
case,  from  tiie  repeated  contraction  and  expansion  of  the 
tubes  directly  exposed  to  the  ini])ingcment  of  the  enter- 
ing water.  This  may  jierhajis  be  due  to  the  fact  that  in 
this  type  of  vessel,  it  is  not  easy  to  arrange  an  internal 
pipe  long  enough  to  serve  as  ofhciently  as  in  the  horizon- 
tal tubular  boiler.  However,  with  the  feed  heated  to  a 
reasonai)le  degree  by  some  of  the  many  forms  of  feed- 
water  heaters,  im  troulde  need  ordinarily  be  anticijiated. 
Ill  \er}'  small  vertical  boilers,  it  is  usual  to  introduce  the 
feed  water  at  a  ]ioint  near  tlie  liottoni  of  the  water  leg, 
although  this  ])ractice  is  not  to  he  (■(nnnieinlcd. 

In  lriconiotive-ty]je  boilers,  wherever  the  construction 
makes  it  possiijle,  an  internal  I'eed  pipe  as  described  for 
jio'rizontal  tubular  boilers  should  be  used.  When  this  is 
ini|iossil)]e,  the  feed  should  ho  introduced  in  the  iiarrel  as 
far  from  the  firebox  as  is  feasible. 

Where  feed  jiipes  [lass  thrmigh  boiler  shells  or  heads, 
we  have  found  the  best  construction  to  consist  of  a  hfiiler 
bushing  of  either  brass  or  steel,  threaded  tightly  infn  the 
iiead  or  sliell  plate,  and  with  an  internal  thread  into 
which  the  outside  ))art  of  the  fceil  pijie  may  be  .screweil 
on  the  outer  end  wiiilo  the  internal  pipe  is  screwed  into 
the  inner  end. 

Two  general  consideratioiw  should  always  receive  at- 


tention before  a  layout  for  an  internal  feeding  device  is 
approved.  First,  it  is  imperative  that  the  internal  pip- 
ing be  so  arranged  a.s  to  remain  full  of  water,  for,  should 
it  become  in  ])art  steam  bound,  water-hammer  is  to  be 
expected  when  the  water  flow  is  again  established. 

Secondly,  the  piping  sliould  be  placed  to  be  readily 
accessible  for  cleaning  and  rejiair,  as  the  internal  por- 
tion of  a  feed  line  is  subject  to  incrustation  or  choking 
from  scale,  and  when  partially  filled  with  such  a  de- 
posit, it  may  not  be  able  to  sup]ily  feed  fast  enough  to 
meet  the  conditions  of  maxinium  steam  demand  wit'iout 
permitting  the  water  level  in  tlie  boiler  to  become  dan- 
gerously low.  A  choked  feed  pipe  is  especially  dangerous 
in  a  plant  where  it  is  the  practice  to  feed  fast  enough  to 
meet  the  conditions  of  inaximuni  steam  demand  without 
permitting  the  water  level  in  the  boiler  to  become 
too  low.  A  choked  feed  pipe  is  especially  danger- 
ous in  a  plant  where  it  is  the  ])ractice  to  feed  the  boilers 
as  much  as  they  will  stand  without  priming,  and  then 
let  the  level  gradually  drop  to  the  lowest  safe  limit  on 
]ieak  loads,  so  that  the  lireinen  will  not  have  to  feed  water 
when  called  upon  for  the  greatest  flow  of  steam.  Under 
these  quite  too  conimon  conditions,  if  the  feed  pipe  is 
not  free  and  the  puiiip^  in  good  order,  trouble  is  likely 
to  lie  liad  in  getting  the  water  line  back  to  a  safe  point 
if  for  any  reason  the  heavy  load  should  last  longer  than 
usual,  or  if  the  ('.reman  should  be  careless  and  let  the 
water  go  too  low  hcforc  starting  to  I'eed  again. 

Of  the  material  I'or  internal  feed  pijies,  brass  is  to  be 
piefen'cd.  Itrass  pijie  will  nutlast  iron  in  boilers  fed 
with  pure  soft  water,  carrying  some  organic  matter,  and 
will  ha\e  a  life  at  least  as  long  as  iron  in  most  boilers. 
Even  niDrc  inipcirtant,  iierliajis,  than  durability  is  the 
great  freedom  ol'  brass  ]iipe  fi-oni  clioking.  This  is  be- 
cause no  rust  scale  form,-,  and  I  here  is  great  difficulty 
which  ordinary  scale  matter  seems  to  expcrienci'  in  at- 
taching ilscir  to  this  material. 

Fkkoinmi  Tiiiioiioir  the  Bi.owoff 

One  reason  why  the  jiractice  of  feeding  through  the 
blowofl'  has  persisted  so  long  is  that  it  jirotects  the  blow- 
(-If  ]u])e.  Where  a  large  amount  of  scale  is  dejiosited  by 
the  feed  water,  there  is  a  teiideiuy  for  sediment  and  scale 
to  form  ill  the  lilowotf  pipe,  and  when  this  sediment  be- 
comes hardened  ;iiid  attached  to  the  metal,  overheating 
follows,  since  the  lilowolf  passes  through  about  the  hot- 
test part  of  the  holler  setting.  When  there  is  a  constant 
flow  of  {(•(.•']  water  through  this  ]iipe.  the  sediment  is  ke]il 
well  stirred  and  has  much  less  chance  to  settle  and  hake 
on  with  disastrous  results. 

It  is  easy  to  arrange  a  circulating  i)i])e  connecting  the 
shell,  just  below  the  water  line,  with  the  blowctt"  pipe  and 
on  the  boiler  side  of  the  lilowolf  valve,  which  will  accniii- 
]ilish  all  that  tbi'  feed  water  can  do  in  the  way  of  keeping 
the  blowolf  free,  and  at  the  same  time  yierniit  of  feeding 
fill'  boiler  in  the  safer  manner  through  a  ])ro]icr  internal 
feed  pipe.  The  vertical  ]iart  of  the  coiiiiectioii.  since  it  i- 
outside  of  the  setting  and  not  (ovcred.  will  radiate  heat 

to   the   atinosphere    fast    enough    tii   ( I    the   column   of 

water  coiitnined  in  it.  This  cooled  water,  as  it  is  denser 
Ihaii  the  boiler  water  according  to  the  dill'erence  in  their 
temperatures,  will  flow  down  into  the  blowolf  pijie,  to 
be  again  heated  by  the  liot  gases,  and  thus  as  it  rises  again 
to  the  boiler  a  How  will  be  established  which  will  be  raiiid 
and    will    be    niainfaiiieil    automatically   as    long   as   the 
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boiler  is  under  steam.  A  valve  is  fitted  in  this  vertical 
pi))c,  near  the  tee  where  it  Joins  the  blowoll  valve.  This 
valve  should  be  open  at  all  times  except  when  the  boiler 
is  beiiis;  blo-mi  down,  and  it  should  be  manipulated  in  a 
regular  routine  with  the  blowoff  valves,  so  that  the  oper- 
iitor  will  acquire  the  haltit  of  first  closing  the  circulating 
valve. 

In  water-tube  boilers,  the  same  principles  should  be 
ap]ilicd  as  in  fire-tube  boilers.  The  feed  should  not  be 
introduced  through  mud  drums  or  directly  on  the  heat- 
ing surface,  but  some  form  of  internal  feed  pipe  should 
be  ]irovided,  adapted  to  the  design  of  the  boiler  and 
which  will  be  accessible,  heat  the  feed  water  properly, 
direct  its  flow  away  from  the  heating  surface  and  in  line 
with  the  natural  circulating  current.  This  will  us- 
ually be  most  easily  accomplished  by  feeding  in  an 
upper  or  steam  drum.  Many  excellent  devices  to  do  this 
have  been  designed  bv  tlie  builders  of  water-tube  boilers. 


and  many  attempts  have  been  made  to  comliine  with  the 
feed-heating  device  some  arrangement  which  will  arrest 
and  hold  the  sediment  deposited  by  the  entering  feed 
when  heated.  They  have  only  one  objection;  in  the 
smaller  drums  usually  associated  with  this  type  of  boiler 
construction,  it  is  rather  difficult  to  so  design  an  effective 
water-heating  device  which  can  at  the  same  time  act  as 
a  scale  catcher,  without  seriously  obstructing  the  spaces 
which  must  be  visited  by  the  inspector,  and  therefore 
rendering  difficult  the  detection  of  incipient  defects. 

A  single  case  exists  whore  it  is  advisable  to  feed  boilers 
through  the  blowoff  connection.  "Wliere  boilers  are  op- 
erated at  low  pressure  for  steam  heating,  and  are  fed 
with  the  condensed  water  returned  from  the  radiating- 
surface,  then  since  the  temperature  differences  are  not 
great,  both  the  circulation  in  the  system  and  the  return 
of  the  condensate  will  be  facilitated  by  feeding  through 
the  blowoff'. 
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SYNOPSIS — Con.tuJcrallons  affectinf/  the  selection  of 
iiioior  installalioiix,  iiichnliin/  i/roiip  versus  iudiruhinl 
drive,  type  of  molar,  sjn'ed  cliaracterialics  and  rollage. 


In  order  to  gain  the  advantages  of  motor  drive  it  is 
necessary  that  careful  consideration  be  given  to  all  the 
factors  affecting  a  proposed  installation.  A  mediocre  in- 
.stallation  may  entail  the  same  first  cost  as  a  first-class 
one,  yet  may  include  inefficient  and  ineffective  drives  and 
will  not  accomplish  the  result  most  to  be  desired,  namely, 
the  attainment  of  better  manufacturing  conditions. 

IxniviDiAL  vs.  (iiiorr  Diuvic 

The  first  factor  for  consideration  deals  with  the  degree 
of  subdivision  of  units  of  power.  It  is  possible,  although 
not  always  advisable,  to  furnish  an  individual  motor  for 
each  driven  machine.  On  the  other  hand,  entire  plants, 
(le])artments  or  divisions  thereof  may  be  driven  by  single 
motors  through  the  intermediary  of  mechanical  transmis- 
sion systems.    Each  method  has  its  points  of  value. 

Correctly  applied  electric  power  affects  production  in 
three  ways,  namely,  quantity  of  production,  quality  of 
product  and  cost  of  production.  These  factors  in  order 
will  be  discussed  with  reference  to  their  bearing  upon  the 
method  of  drive  selected. 

Motor  drive  can  increase  the  quantity  of  production 
from  a  given  equipment  due  to  maintained  speeds  at  the 
machines,  better  shop  layouts  and  more  reliable  service. 
Too  much  emphasis  cannot  be  laid  upon  the  importa^re 
of  driving  machines  in  such  a  manner  as  to  gain  the 
greatest  output  therefrom  even  though  this  be  done  with 
attendant  increased  cost  for  driving  equipment  and 
greater  consumption  of  power.  A  few  figures  based  upon 
average  conditions  will  serve  to  illustrate  this  point.  As- 
sume that  a  five-horsepower  motor  is  used  for  driving  a 
machine  upon  which  two  men  are  dependent.  The  va- 
rious items  of  factory  cost  are  as  follows: 


Cost  of  drive,  Cost  per  Day 

Interest,  dopreci.ition  ami  inaiiitonance  on  motor.     12%  per 

annum  on  first  rnst $0.04 

Co.'^t  of  power, 

40%  load  factor, 

10-hr.  day. 

2ie.  perkw.-hr .       O.iO 

Cost  of  labor. 

Two  men  at  $2.00  per  day 4  00 

Overhead  eosi, 

15  times  labor  eost C  00 

Total  cost  per  day  for  this  machine SIO .  .54 

It  is  evident  that  it  would  be  good  economy  to  double 
the  cost  of  power  or  to  increase  the  first  cost  of  the  drive 
many  times  over  if  in  this  way  the  output  could  be  in- 
creased. 

The  falling  off  of  production  due  to  slippage  losses  is 
seldom  appreciated.  With  shaft  drives  it  is  practically 
always  found  that  there  is  a  drop  in  speed  of  the  ma- 
cliines  under  load,  varying  from  5  to  15  per  cent.  The 
amount  of  slippage  depends  upon  the  distance  of  the  ma- 
chines from  the  source  of  power,  the  number  of  inter- 
mediary countershafts,  the  ratio  of  pulley  diameters,  belt 
sizes  and  speeds  and  the  condition  of  the  belts.  It  is 
likely  to  be  greatest  for  high-speed  machines  requiring 
the  use  of  small  pulleys  and  for  very  slow-speed  machines 
requiring  the  use  of  low  belt  speeds.  The  relation  of  pro- 
duction to  speed  may  or  may  not  be  in  direct  proportion. 
AVhere  materials  or  tools  are  automatically  or  power  fed, 
it  is  usually  found  that  production  is  proportional  to 
speed  within  certain  limits. 

Individual  drive  is  well  suited  to  that  class  of  machines 
which  require  variation  in  speed.  Such  machines  may 
be  divided  into  three  classes;  those  whose  speed  is  under 
constant  manual  control,  those  requiring  frequent  adjust- 
ment and  those  operating  compaa'atively  long  periods  at 
given  speeds.  The  fir,st  two  classes  may  be  independently 
driven  most  effectively;  for  machines  of  the  third  cla.ss, 
adjustable-speed  motors  may  be  provided,  although  con- 
stant-speed motors  with  mechanical  speed-changing  de- 
vices will  sometimes  suffice  and  may  have  lower  first 
cost. 
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There  are  many  hand-fed  tools  in  whicli  production  is 
not  increased  directly  with  maintained  speeds.  Where 
llie  rate  af  handling  material  is  the  limiting  feature  the 
possibility  of  increasing  production  is  lessened.  In  some 
cases  the  methods  of  handling  can  be  improved  so  that 
the  operating  intervals  are  closer.  It  is  true  of  most  ma- 
chines, however,  that  they  perform  their  work  more  quick- 
ly at  maximum  speeds.  This  general  statement  follows: 
Hand-fed  machines,  continuously  operated,  in  which  the 
productive  processes  consume  a  large  percentage  of  the 
total  time  and  the  rates  of  performance  of  which  are  pro- 
portional to  the,  speed  should,  in  general,  he  indiriduallij 
driren. 

From  the  point  of  view  of  maintained  speed  onlv  the 
lulluwing  machines  warrant  group  drive: 

Small  constant-speed  machines,  hajid  or  power  fed, 
Avhich  are  too  light  to  cause  material  .slippage. 

Machines  intermittently  operated,  where  the  saving 
does  not  compensate  for  the  extra  cost. 


\ 

^ 

\ 

.^C 

\* 

ir^ 

IH'^. 

,s 

■ — 

■~—^AO^ 

\ 

/?A- 

'-ed\     "J  ~~ 

_^ 

^ 

SPEED 

01 

a 

\: 

\ 

•^. 

\ 

> 

s 

s, 

s 

^, 

&: 

\ 

S 

\ 

8: 

\, 

\ 

.■ 

,5| 

\ 

\, 

5; 

\ 

\ 

Output  ^°'^^'^ 

Sl'KKII-OniT'r    ClIiVES    |-()i;    KlIIKI'l-CriiliKNl'    MoTOIiS 

ilaiul-lVd  niachiiK's  where  liaiidiiiig  of  (lie  ui.itorial 
iiiiisl  coiisuiiic  a  largi'  proportion  oF  tiie  time. 

The  .wecond  manner  in  which  the  method  of  drive  af- 
ffct.*!  jiroduction  is  in  the  shop  hiyoiit.  A  close  study 
nhould  be  made  of  the  i)roper  .sequence  of  processes  to  re- 
duce handling  and  machining  of  waste  material  and  to 
gain  the  final  result  in  the  shortest  total  time.  The 
product  should  lie  made  to  move  as  far  as  possible  iu  one 
general  direction.  Jt  is  impossible  to  estimate  the  exact 
cost-decreasing  value  of  a  given  layout  ])ut,  in  gonrral.  it 
may  be  stated  that  subdivision  of  jjower  units  should  l)e 
tarried  out  as  far  as  there  is  any  advantage  whatsoever 
ill  tlie  arrangement  allowing  liettcr  handling  of  material 
l)ct\vcen  tools.  From  the  luiint  of  view  of  shof)  layout, 
individual  drive  is  iiauallij  uarranled  for  heavy-duty  ma- 
chines. 

The  third  niaimer  in  whicii  motor  drive  may  l)e  made 
to  increase  tiic  (piantity  of  ]iro<lu(t  is  through  more  re- 
liable service.    There  are  oidy  a  few  machines  that  war- 


rant the  use  of  individual  motors  for  this  cause  alone.  It 
is  frequently  found  that  there  are  two  or  three  machines 
through  which  the  entire  factory  product  passes  or  upon 
which  whole  departments  rely  for  their  material.  For 
such  machines  individual  drive  is  usually  warranted. 

The  quality  of  the  product  may  be  bettered  by  motor 
drive,  directly  through  uniform  speeds  and  upkeep  of 
machinery  and  indirectly  through  better  manufacturing 
conditions.  Direct-connected  machines  will  remain  in 
good  condition  longer  than  belted  machines  due  to  de- 
creased bearing  wear.  Also  subdivision  of  power  units  de- 
creases the  amount  of  overhead  belting  and  shafting,  al- 
lowing better  illumination  and  ventilation. 

AMiile  power  costs  are  usually  lower  where  individual 
motor  drives  are  employed,  it  must  be  understood,  how- 
ever, that  the  substitution  of  a  motor  for  some  other 
source  of  power  in  a  plant  may  not  necessarily  lower  the 
power  cost.  A  reduction  in  this  item  may  be  obtained 
by  lowering  the  cost  of  generation  or  purchase,  lessen- 
ing the  losses  of  transmission,  and  decreasing  wasted 
consumption.  The  latter  can  be  obtained  only  by  apply- 
ing the  motors  most  effectively  either  individually  or  in 
small  groups.  Wliere  individual  drive  requires  the  use 
of  a  number  of  very  small  motors,  the  lower  efficiencies 
may  counteract  the  advantage  of  subdivision.  Also  ma- 
chines widely  scattered  usually  incur  large  transmission 
losses,  and  where  the  length  of  shafting  per  horsepower 
used  is  large  the  losses  will  be  heavj-. 

The  gi-eat  difference  between  mechanical  drive  and  in- 
dividual motor  drive  in  the  matter  of  power  consunii)tion 
is  that  the  losses  with  motor  drive  are  roughly  jiropor- 
fional  to  the  load  delivered  whereas  with  mechanical 
drive  there  is  a  fairly  constant  loss  regardless  of  the  load. 
Tu  view  of  this,  if  the  cost  of  power  is  a  consideralile 
item,  the  use  of  small  power  units  may  be  justified.  More- 
over, independent  motors  should  be  installed  for  driving 
siuli  machines  as  will  be  required  to  operate  overtime. 

Kegarding  overhead  cost,  tlie  point  is  often  raised  that 
it  is  necessary  to  install  a  greater  total  horsepower  in 
motors  for  individual  than  for  group  drive.  This  is  gen- 
eridly  true  liut  in  a  modified  degree.  Motors  driving 
groups  nnist  not  oidy  be  of  sufficient  cajiacity  to  meet  the 
]io\ver  demand  of  the  machines  but  must  sui)]ily  trans- 
mission losses  also.  Tliis  contention  depends  Inrgelv  upon 
tiic  diversity  factor.  If  tlie  ratio  of  average  load  (o  con- 
nected demand  is  low  the  group  motor  may  be  relatively 
small.  This  feature  ])lays  an  important  part  in  deter- 
mining comparative  first  costs.  A  numl)er  of  inierniit- 
tentjy  operating  machines  which  are  not  simultaneously 
used  can  l)e  grouj)  driven  with  low  first  cost  and  goo<l  ef- 
ficiency. A  related  condition  exists  where  nuicbines  re- 
quire heavy  instantaneous  peaks  or  starling  loads.  In- 
dividual motors  must  necessarily  be  of  sufficient  size  to 
carry  these  overloads.  If  such  machines  are  grouped,  ihe 
])eaks  are  smaller  in  proportion  to  tlie  capacity  of  the  sin- 
gle-group motor.  This  motor  may  then  be  much  smaller 
than  the  connected  capacity  with  individual  drive. 

In  .sonic  ca.ses  the  driven  machines  may  form  natural 
groups  where  several  interde])endent  operations  an-  jier- 
formed  on  )nacliines  closely  related.  For  instance,  (he 
operation  of  a  brick  ma<'hinc  requires  simultaneous  driv- 
ing of  conveyors  and  cutting  tal)le.  Groups  of  this  char- 
acter are  often  liest  considered  as  a  unit. 

In  summarizing,  it  may  Ik^  stated  that  imlividual  drives 
are  best  suited  for  maeliineH  continuously  operated  whose 
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production  is  dirertiy  or  largely  dependent  upon  main- 
tained speed,  for  adjustablo-.speed  work  where  ready  eon- 
irol  is  tiesiraljle.  lor  most  lieavy  machinery,  and  where 
necessary  lor  most  eti'ective  location.  Group  drive  is  best 
suited  to  natural  groups,  i'or  driving  numbers  of  light 
niacliines.  for  driving  macliines  intermittently  operated 
and  not  simultaneously  used  and  where\er  tlu'  ailvantnges 
of  indixidual  drive  arc  insutficient  to  warrant  the  extra 
cost. 

Types  of  Motors 

The  relative  value  of  alternating  and  direct  current  for 
industrial  power  service  is  a  matter  receiving  considerable 
diseussion.  Tiie  inevitable  conclusion  remains  that  eacli 
system  has  specific  ])oints  of  superiority  ada])ting  it  to 
particular  fields.  There  are  several  types  of  alternating- 
current  motors  having  a  fair  range  of  characteristics;  yet 
there  are  several  types  of  direct-current  motors  affording 
another  possibly  viider  variety  of  characteristics.  Certain 
results  can  be  paralleled  in  either  class;  other  results  can 
be  attained  in  one  class  only. 

Where  power  is  purchased  the  tyjie  of  motor  installed 
is  usually  dictated  by  the  current  available,  although  this 
is  not  always  warranted.  The  use  of  a  motor-generator 
set  for  conxersioji  may  incur  a  greater  first  cost  and  a 
slight  loss  of  power.  The  cost  of  power,  however,  is  often 
only  a  small  percentage  of  the  total  factory  co.st,  and  if 
manufacturing  efficiency  can  be  better  secured  with  a 
given  type  of  nu)t()r  that  type  should  be  installed.  The 
economies  obtained  will  ordinarily  more  than  repay  the 
slight  increased  cost  for  equipment  or  power. 

The  advantage  of  the  alternating-current  induction 
motor  is  sim])licity;  its  great  disadvantage  is  intlcxilulity 
(if  speed.  Tt  is  essentially  a  constant-siieed  machine  hav- 
ing a  few  fixed  sjieeds  and  as  the  majority  of  drives  re- 
quire constant  speed  the  field  for  this  motor  is  large.  For 
this  service  its  reliability,  low  maintenance  co.st  and  gen- 
eral ruggedness  are  strong  reconnnendations.  The  first 
cost  is  lower  than  that  of  the  direct-current  motor,  al- 
though the  cost  for  wiring  is  somewhat  greater;  its  effic- 
iency is  comparable  with  that  of  the  direct-current  motor 
except  for  the  lower  speeds,  and  it  is  lighter.  It  has  no 
commutator  and  usually  no  brushes,  and  has  good  start- 
ing torque  which  is  accompanied,  however,  with  a  rather 
heavy  rush  of  current.  Its  ])ull  out  or  stalling  torque  is 
liberal  and  it  does  not  succumb  to  the  effects  of  overhauls 
as  quickly  as  does  the  direct-current  motor.  Its  character- 
istics parallel  closely  those  of  the  direct-current  sliunt 
mot(n-  and  it  can  be  adapted  successfully  to  most  appli- 
cations for  which  that  type  is  suited.  A  disadvantage  pe- 
culiar to  the  induction  motor  is  low  power  factor  under 
fractional  loads  requiring  liberal  provisions  in  generating 
equipment. 

Induction  motors  nuiy  be  u.sed  for  certain  classes  of 
\ariable-speed  work;  this  range  is  limited,  however.  The 
multispeed  motor  affords  three  or  four  rather  widely  sep- 
arated running  speeds  without  intermediate  control.  The 
slip-ring  motor  jjermits  of  graded  control  over  a  limited 
range  only.  It  parallels  the  direct-current  motor  with 
armature  control  having  a  fluctuating  speed  dependent 
upon  the  load.  This  fact  makes  it  unsuited  for  machine- 
tool  work.  It  finds  some  application  for  blowers,  pum]is. 
printing  presses  and  the  like  where  the  torque  is  fairly 
uniform. 

The  synchronous  alternating-current  motor  has  few  ad- 


^antages  for  industrial  service  from  the  point  of  view  of 
the  driven  machine.  It  has  low  starting  torque,  con- 
stant speed  over  its  entire  range,  a  high  first  cost,  reqriires 
an  exciter  and  usually  a  switch  panel  and  demands  in- 
telligent attention.  Its  use  is  justified,  largely  because 
of  electrical  considerations,  as  a  sj-nchronous  condenser 
to  counteract  the  power  factor  effects  of  a  number  of 
partly  loaded  induction  motors. 

Single-phase  motors  are  largely  confined  to  small  sizes 
upon  central-station  circuits  for  minor  installations. 
They  are  seldom  used  extensively  in  industrial  service. 

The  direct-current  simple  shunt  motor  is  a  constant- 
speed  machine.  It  exerts  a  fair  starting  torque  and  mod- 
erate overload  torque.  The  compound-wound  motor  has 
a  less  constant  speed  but  can  exert  a  heavy  starting  torque 
with  low  cun'ent  input  and  has  a  liberal  overload  capacity. 
Its  performance  can  be  approached  but  not  duplicated  by 
the  intluction  motor  with  high  rotor  resistance.  The 
series  motor  exerts  heavy  starting  and  overload  torques 
and  its  speed  varies  widely  with  the  load.  Its  perfor- 
mance cannot  be.  duplicated  by  the  induction  motor. 
Shunt  or  compound-wound  motors  may  have  their  speeds 
externally  controlled  over  a  wide  range,  the  speed  re- 
maining a|)proximately  constant  at  any  point.  This  re- 
sult cannot  be  attained  by  any  type  of  alternating-cur- 
rent motor. 

The  advantages  of  direct-current  motors  are:  flexibil- 
ity and  fi-eedoni  frvim  limitation  in  speed,  wide  range  of 
torque  characteristics,  .ease  of  speed  control,  simplicity 
of  wiring  and  control  devices,  adaptability  to  remote  con- 
trol, quick  acceleration,  low  starting  current,  wide  air 
gap.  freedom  from  power  factor  effects  and  ease  of  dy- 
namic braking.  The  great  disadvantage  lies  in  the  pres- 
ence of  a  commutator  and  brushes,  decreasing  reliability 
and  ruggedness  and  increasing  maintenance  costs.  In 
general,  it  may  be  stated  that  the  direct-current  motor  is 
suiierior  in  electrical  characteristics  and  the  induction 
motor  in  meclianical  fciituvrs. 

C'innci;  OF  N'oLTAOE 

Where  direct  current  is  used,  "^^JO-volt  service  is  }iearly 
always  suitable  and  is  almost  standard.  The  use  of  5.50 
\olts  may  be  necessary  due  to  local  considerations  such 
as  for  car  shops,  etc.,  but  its  general  use  is  to  be  dis- 
couraged due  to  incrca.sed  maintenance  expense.  The  use 
of  110  volts  requires  considerable  expenditure  in  copper 
for  the  wiring  system  with  little  gain  in  reliability  U- . 
lumination  requirements  may  occasionally  dictate  its  use. 

For  alternating-current  work  220  and  440  volts  are  the 
most  common,  the  latter  being  preferable  where  large  mo- 
tors are  used  due  to  decreased  cost  of  wiring.  At  present, 
2200-volt  motors  are  not  extensively  used  in  factories  due 
to  increased  risk,  higher  first  cost  of  the  motors  and  wir- 
ing and  somewhat  greater  liability  to  trouble. 

The  choice  of  frequency  is  generally  of  less  importance. 
Sixty-cycle  motors  allow  higher  speeds  and  a  greater 
choice,  which  may  be  a  distinct  advantage  in  .some  cases. 
On  the  other  hand,  25-cycle  motors  can  be  obtained  for 
slow  speeds  with  better  power  factors.  Sixty-cycle  mo- 
tors are  lighter  in  weight  and  lower  in  first  cost.  Twenty- 
five-cycle  current  is  not  satisfactory  for  illumination  with 
arc  lamps. 

There  is  little  advantage  in  the  three-phase  system  over 
the  two-phase  system  although  three-phase  motors  show 
slightly  higher  efficiency  and  the  cost  of  wiring  is  lower. 
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Following  are  some  items  wliidi  f;hoiild  receive  con- 
sideration when  deciding  upon  the  details  of  any  motor 
installation : 

Running  speed  and  torque  characteristics. 

Is  the  load  steady  or  fluctuating?  What  is  tlie  cycle  of 
changes  ? 

Is  the  load  continuous  or  intermittent? 

Is  constant  torque  or  constant  horsepower  required? 

What  starting  torque  is  required?  Is  it  the  same  for 
all  positions? 

Is  frequent  starting  necessary? 

What  are  the  limiting  features  of  the  load? 

Can  the  motor  best  be  direct  connected,  belted,  geared 
or  chain  driven? 

Is  the  motor  near  a  source  of  heat  or  subject  to  dirt, 
iron  chips,  injurious  fumes,  gases  or  moisture? 

What  fire  and  explosion  risks  occur  ? 

\\'liat  is  the  intelligence  of  the  operators? 

Is  the  motor  to  be  in  position  for  good  ventilation  and 
accessible  for  repairs  ? 

What  is  the  best  method  of  control  and  most  convenient 
location  of  control  equipment? 

Should  fuses,  overload  release  or  time-limit  devices  be 
used  for  protection? 

What  will  be  the  effect  upon  the  source  of  joower? 

Size  of  Motor 

The  size  of  motor  selected  for  a  given  work  depends 
iqion  the  average  load,  the  maximum  load  and  the  start- 
ing requirements.  The  horsejiower  ratings  of  motors 
are  based  upon  temperature  rise.  A  10-hp.  motor  is  not 
limited  to  a  10-hp.  load.  It  might  deliver  20  hp.  for 
very  short  periods,  if  during  other  periods  it  delivers 
less  tlian  10  hp.  In  the  majority  of  cases,  the  motor  size 
should  be  determined  by  the  average  load,  not  the  maxi- 
mum. Particularly  in  alternating-current  work  it  is  un- 
desirable to  install  larger  motors  than  necessary,  as  they 
operate  at  lower  efficiency  and  ])ower  factor  on  partial 
loads. 

The  starting  torque  of  a  machine  may  be  determined 
by  mechanical  measurement,  a  rope  being  attached  to 
the  belt  or  passed  around  the  driving  wheel,  and  suffi- 
cient pull  exerted  to  start  the  nuichine  in  motion;  this 
pull  is  measured  by  means  of  a  spring  dynamometer. 
Tlio  radius  of  the  wheel  being  known,  the  torque  in  foot- 
pounds may  be  directly  calculated.  If  preferable,  a  lever 
may  be  attached  to  the  driven  wheel  and  weights  added 
at  a  given  radius  until  the  machine  is  started.  The 
tonpie  may  be  estimated  from  this  data,  including  the 
weight  of  the  lever  at  its  middle  jjoint. 

The  relations  of  load,  torque  and  speed  should  be  con- 
sidered in  determining  the  type  of  motor  best  adapted 
to  a  given  work.  Tlie  accompanying  curves  show  the 
relative  load-speed  characteristics  of  shunt,  series  and 
compound-wound  motors.  The  speed  of  a  series  motor  is 
shown  to  be  excessive  when  running  under  no  load,  but 
falls  off  rapidly  as  the  load  is  increased.  The  shunt 
motor,  on  the  other  hand,  has  a  no-load  speed  not  much 
greater  than  that  at  full  load,  the  decrease  in  speed  being 
comparatively  slight  with  increase  of  load.  Again,  the 
compound-wound  motor  is  seen  to  have  a  characteristic 
lying  between  those  of  the  shunt  and  series  motors.  Con- 
sideration of  these  curves  will  show  that  tlic  shunt  iiiotor 
is  ada])ted  to  driving  machines  which  require  a  starting 
torque  not  greatly  in  excess  of  full-load  torque  and  re- 


quiring practically  constant  speed.  The  series  motor 
evidently  will  have  an  advantage  where  high  starting 
torque  is  required  and  speed  variation  is  not  an  import- 
ant factor,  or  where  the  character  of  the  load  prevents 
excessive  speed  variation.  The  compound-wound  motor 
will  meet  the  requirements  more  specifically  where  the 
starting  demand  is  greater  than  that  which  can  be  met 
by  the  shunt  motor  and  where  at  the  same  time  it  is 
desirable  to  maintain  fairly  constant  speed  over  a  con- 
siderable range  of  load. 

The  squirrel-cage  induction  motor  is  generally  used 
for  «-ork  similar  to  that  for  which  the  shunt-wound  di- 
rect-current motor  is  fitted.  The  squirrel-cage  motor  with 
high  resistance  rotor  approaches  in  characteristics  the 
compound-wound  motor.  The  slip-ring  motor  is  similar 
to  the  compound  motor  with  a  large  percentage  of  com- 
pounding. This  is  the  nearest  approach  oljtainable  to 
the  direct-current  series  motor. 

Special  care  is  required  in  selecting  series  motors  be- 
cause their  speed  varies  widely  with  the  load.  In  order 
to  provide  for  a  definite  running  speed,  it  is  necessarv 
that  the  exact  load  be  known.  A  series  motor  is  rated 
at  its  full  load  speed,  and  if  the  load  be  greater  or  less, 
the  speed  M-ill  be  lo^-er  or  higher,  respectively.  Series 
motors  are  not  generally  suited  for  belt  drives,  since  if 
the  l)elt  should  be  removed  the  motor  would  race  and 
might  destroy  itself.  They  should  be  positively  connected 
to  the  driven  machine  through  couplings,  chains  or  gears. 
Adjustable  speed  requirements  cover  a  varied  set  of 
conditions  not  easily  differentiated.  The  more  common 
types  of  variable-spe^d  service  and  the  usual  methods 
of  driving  them  may  best  be  shown  in  tabulated  form. 

In  direct-connected  applications,  the  speed  of  tiie 
motor  is  closely  fixed;  for  gear  and  chain  drives  there 
is  often  some  choice.  In  such  cases,  the  motor  sj)eeds 
shotdd  be  as  high  as  good  mechanical  conditions  permit 
due  to  lower  first  cost,  and,  for  induction  motors,  better 
efficiency  For  belt  drives,  there  is  usually  considerable 
range  for  selection  in  motor  .speeds.  Iligh-.speed  motors 
often  necessitate  snutU  pulleys  and  wide  belts.  It  is 
well  to  figure  the  total  cost  of  two  or  three  possible  ar- 
rangements, including  the  cost  of  motor,  belt  and  pulleys. 
If  there  is  no  choice  from  a  mechanical  standpoint,  that 
arrangement  having  the  lowest  first  cost  should  be  se- 
lected. In  this  connection,  the  relation  of  belt  speed  to 
cost  of  belt  maintenance  should  not  be  overlooked.  Other 
things  being  e(iual,  the  preference  should  be  given  to 
high-speed  induction  motors  and  moderate-speed  direct- 
current  motors.  An  attem])t  should  be  made  to  restrict 
the  number  of  different  ratings  where  this  can  be  done 
without  sacrificing  the  drive.  There  is  considerable  ad- 
vantage in  duplication  of  machines  duo  to  interchange- 
ability  and  case  with  which  repair  parts  may  be  pro- 
vided. 

.\side  from  speed  and  torque  considerations,  efficiency 
and  power  factor  should  receive  attention.  It  is  false 
economy  to  install  an  inefficient  motor  because  of  slighllv 
lower  first  cost,  and  to  lose  in  operating  costs  many  times 
the  margin  saved.  The  importance  of  this  depends,  of 
course,  upon  the  unit  cost  of  power  and  the  motor  load 
factors.  It  must  lie  renuMubered,  however,  that  the  bill 
for  a  motor  is  paid  once,  that  for  power  many  times  over. 
The  effect  of  low  power  factor  is  to  cause  increased 
losses  in  distribution  and  equipment,  and  to  affect  the 
voltage   regulation  of   transformers  and  generating  ap- 
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paratus.  Its  importance  to  the  user  is  greater  where 
isolated  plants  are  installed.  If  a  number  ol*  small  motors, 
operating  on  partial  loads,  are  connected  to  the  lines, 
ditliculty  may  be  experienced  in  maintaining  the  voltage 
and  liberal  generator  and  exciter  capacity  is  required. 
'J'irrill  regulators  are  useful  in  this  conueclion.  but  can- 
not -entirely  overcome  the  difficulties. 

MhCHAN'ICAL    roXSlDKliATIONS 

Home  of  the  mechanical  considerations  att'ecting  motoi* 
selection  may  be  briefly  enumerated.  Weiglit  alone  is  noi 
a  good  basis  for  comparison,  as  some  motors  contain 
large  amounts  of  inactive  material.  General  dimensions 
and  workmanshi])  throughout  are  tlic  best  indications. 
■The  design  should  -permit  accessibility  and  provide  for 
free  ventilation  and  radiation.  The  frame  should  be 
rigid,  with  low  center  of  gravity  and  widespread  feet. 
The  bearing  flanges  should  allow  access  to  the  interior, 
should  shield  the  windings  and  should  form  rigid  bear- 
ing supports.  The  bearings  should  be  liberal.  Phosphor 
bronze  is  not  desirable  for  large  sizes,  due  to  its  tendency 
to  freeze  tight  when  heated,  causing  possible  injury  to 
the  shaft.  A  liberal  air  gap  is  desirable  in  direct-current 
motors  for  electrical  as  well  as  mechanical  reasons.  A 
wide  air  gap  in  induction  motors  is  usually  accompanied 
by  low  power  factors.     A  reasonable  clearance  is  desir- 


able, with  provision  for  taking  up  wear  in  the  larger 
sizes  M'here  wear  is  more  rapid.  Heavy  shafts  are  ad- 
vantageous for  maintaining  alignment  and  withstanding 
strains,  and  for  distributing  bearing  wear.  Insulating 
methods  are  of  great  importance,  and  measurements  of 
dielectric  strength  and  insulation  resistance  are  useful. 

The  quality  and  finish  of  accessories,  such  as  controi 
cquipnumt  and  base  or  rails,  should  bear  consideration. 
However,  it  is  better  to  simply  specify  pei'formance  and 
to  consider  the  details  of  the  ecjuipnient  proposed  ratlier 
than  to  try  to  bind  the  manufacturers  to  specifications 
which  will  likely  conflict  with  their  standard  methods. 

SOME  MOTOR  APPLICATION'S 


Class  of  Service  Typical 

Example 
Wide  range  of  operating     Machine 
speeds  to  be  approx-     Tools. 
mately    constant    at 
any  point. 


Fans, 
1  speeds  cor-     Blower' 
responding     to     de-     Pumps, 
creased  loads.      Uni- 
form torque. 
Small  range  of  operat-     Printing 
ing  speeds  near  nor-     Presses, 
mal.  Decreased 

speed    for    short    iu- 
ter\*als. 


T>Tje  of  Motor  and  Method  of  Control 


Direct  Current 
Shunt  interpole  mot^ 
or  with  field  control. 


Alternating  Current 
Not  attainable  elec- 
trically. Use  me- 
chanical change  de- 
vices. Multispeed 
motors  for  special 
cases  usually  of  con- 
s  t  a  n  t  -  horsepower 
t>-pe. 

Slip-ring  motor  with 
suitable  external  re- 
sistance. 


Shunt  or  compound 

motor.         Armature 

control,  or  combined 

6eld    and    armature 

control. 

Shunt  or  compound     Slip-ring  motor  with 


.^'uitable  external 
sistance.  Multi- 

speed  moto 


motor     \^-ith 
bined  field  and  : 
ature  control. 

ually  I 
constant-torque  tiTjc 
Elevators,   Compound  or  series     Slip-ring  motor  with 
Cranes,        motor.         Armature     suitable  external  re- 
Uoists.         control.  sistauce. 


?Mm! 


By  Osbukn'  l^roNXEXTf 


SYNOPSIS— norizoiitnl   is.   verUnil   baffles  for   vain- 
tube  boilcrg,  and  a  comparison  of  ffat  and  sprumj  archer:. 


In  lakiiif;  up  tlu;  ajjplication  ol'  iiuiliaiiical  slokcis 
water-tube  boilei!?,  one  of  tlic  most  iinpoilant  tvpcs  ai 
alphabetically  iir.st   is  the  cliain  jirati'.    ^Vlicu  i)ro])er 
installed,  it  is  an  excellent  stoker  for  si'ioke  suppressio 
^'here  is  no  cleauLng  period  wliich  is  the  Inigaboo  of 


Fig.  1.     Old  Tytk  Ciiai.n-G?rate  Setting 

great  many  mechanical  stokers,  and  in  other  respects  the 
human  element  is  reduced  to  a  minimum^ 

The  first  question  naturally  arising  is  the  choice  of 
liaffling.    There  is  a  great  deal  to  be  said  on  this  subject, 

tSmoke  inspector,  city  of  Cliicagro. 
•Copyright,    1911,   by  Osborn  Monnett. 


t-prl-f: 


Fig.  3.     Sjioke  Chaiit  of  Settixo  Shown  ix  Fn:.   1 

but  in  general  it  may  be  stated  that  the  horizontal  ballli^ 
is  much  safer  from  the  smoke  standpoint.  Elaborate 
tests  have  been  made  to  determine  the  effect  of  horizontal 
balHes  on  the  capacity  and  efficiency  of  a  boiler,  as  manv 
engineers  are  prejudiced  against  the  horizontal  baffle  mi 
account  of  the  fear  that  there  will  be  a  falling  off  in  unc 
<ir  tlie  other  of  these  items. 

A  striking  illusti'ation  of  the  effect  on  smoke  produi- 
liou  with  a  3o0-hp.  horizontally  baffled  lioiler  and  the 
same  boiler  vertically  baffled  can  be  seen  in  Figs.  1  to  4. 
Fig.  1  show.s  the  boiler  with  the  old-style  chain-grate 
setting,  with  a  head  room  of  6  ft.  under  the  front  headi'i-. 
Fig.  2  shows  the  smoke  performance  of  the  setting.  The 
boiler  was  then  raised  2  ft.,  giving  8  ft.  under  the  front, 
header,  and  horizontal  baffles  giving  a  single  pass  for  tlie 
gases  were  put  in,  Fig.  3.  The  smoke  record  after  tlic 
change  is  shown  in  Fig.  4.  The  original  installation  ga\i' 
an  evaporation  at  212  deg.  of  (5.05  lb.  of  water  per  pound 
of  coal  as  fired.  After  the  change,  the  evaporation  was 
5.06  lb.  of  water.  In  both  tests,  coal  of  8902  B.t.u.  per 
lb.  as  fired  was  burned. 
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From  test  data  available,  it  can  be  definitely  stated 
that  the  diflference  in  efficiency  between  well  set  verticall\ 
baffled  and  horizontally  baffled  boilers  working  within 
commercial  limits  and  with  both  boilers  in  equally  good 
condition  inside  and  out,  is  negligible.  It  is  usual  to 
I'ealize  an  efficiency  of  (i5  to  68  per  cent,  with  either  type 
of  baffling  under  good  operating  conditions  when  using 
a  low-grade  Illinois  screening. 

AVorking  under  normal  capacities,  the  horizontally  baf- 
fled boiler  does  not  suffer  appreciably  over  the  vertically 
baffled  boiler.  When  driven  to  capacities  up  to  1T5  per 
cent,  of  rating,  the  single-deck  horizontally  baffled  boiler 
will  show  a  dropping  off  in  capacity  of  10  or  12  per  cent, 
over  the  other  type  of  setting.  For  the  ordinary  indus- 
trial boiler  plant,  the  difference  in  either  capacity  or 
.  efficiency  can  be  neglected  where  the  boiler  is  not  run  at 
a  rating  higher  than  .50  per  cent,  overload. 

There  are  other  points  to  be  considered,  however,  be- 
fore deciding  on  the  gas  passes.  It  must  be  admitted 
that  the  horizontal  baffle  on  boilers  having  the  B.  &  W. 
tube  spacing  costs  more  to  install,  costs  more  for  main- 
tenance, and,  owing  to  the  tendency  for  pockets  of  soot 


Fifi. 


ImPEOVEP   SeTTIXG    for   S.iiAIE   BOILEK 


111  lonn  on  the  baffles,  must  be  watched  moi'e  closely  in 
operation  to  obtain  capacity  and  efficiency.  The  character 
of  the  attendance  then  is  a  feature,  and  the  draft  loss 
through  the  setting  is  generally  greater. 

The  selection  of  a  horizontally  baffled  boiler  may  bo 
made  through  limited  head  room  or  where  the  Bmoke 
f|Ucstion  is  of  prime  importance.  There  are  certain  in- 
dustries where  Jiorizontaily  baffled  water-tube  boilers  will 
produce  less  smoke,  as  in  connection  with  a  chain-grate 
stoker  it  is  about  as  '"foolproof"  as  anytliing  that  can 
be  designed  to  run  smokelessiy.  It  is  an  ideal  equipment 
for  a  jilant  where  labor  conditions  are  liable  to  Ik'  a  fac- 
tor; where  many  changes  are  made  in  the  operating  force, 
or  where  there  is  a  strong  probability  of  unskilled  al- 
tenrlant'*.  .Mso,  such  an  installation  is  ideal  for  a  steel 
works,  a  packing  house,  railroad  sliop  or  any  industry 
where  men  work  on  12-lir.  shifts.  With  so  long  a  watch. 
<'arelos8ness  is  apt  to  crce])  into  their  work.  On  th(!  other 
hand,  if  accumulations  of  soot  are  allowed  to  collect  on 
the  heating  surlace.  then  this  type  of  setting  will  not 
compare  favorably  with  a  vertically  baffled  boiler. 

.\nother  question  arising  with  chain  grates  is  the 
choice  of  flat  or  sprung  ardies.  Many  engineers  will  not 
l)ut  in  a  flat  arch  owing  to  the  fact  that  in  the  past  they 
have  been   installed   improperly  for  the  work  they  were 
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SjioKE  Chart  fkom  Setting  Shown  in  Fig.  ■'> 


designed  to  do.  With  the  sprung  arch,  the  cubical  con- 
tents over  the  fire  is  greater.  For  this  reason,  the  gases 
are  not  restricted  and  pass  away  rapidly  from  the  furnace. 
The  ordinary  sprung  arch  is  generally  set  level,  with  the 
skew-backs  about  9  in.  above  the  grate,  and  the  highest 
point  of  the  spring  18  in. 

On  the  other  hand,  the  flat  arch  is  somewhat  cheaper 
to  install,  cheaper  to  maintain,  puts  less  stress  on  the 
side  walls,  and  in  many  ways  has  constructional  advan- 
tages over  the  sprung  arch.  The  latter  must  be  taken  out 
of  service  immediately  when  it  commences  to  deteriorate, 
owing  to  the  danger  of  complete  and  sudden  failure, 
whereas  a  flat  arch,  with  each  element  suspended  inde- 
pendently, can  run  along  indefinitely  until  it  is  con- 
venient to  take  the  boiler  out  of  service.  The  ordinary 
flat  arch  of  a  few  years  ago  was  set  too  low  at  the  gate 
and  was  too  short  for  high  capacities.  The  practice  was 
to  set  the  arch  11  in.  above  the  grate  at  the  gate  and 
about  22  in.  at  the  inner  end,  with  a  length  of  about 
oi/o  or  4  ft.  This  was  not  enough  arch  to  give  a  good 
igniting  effect;  the  clearance  between  the  arch  and  the 
fuel  at  the  gate  was  too  small  to  take  care  of  the  thick 
lires  and  heavy  overloads  sometimes  encountered. 

When  installing  flat  arches,  it  is  now  common  to  raise 
them  higiier  above  the  grate  to  give  a  generous  volume 
into  which  the  volatile  matter  may  expand.  Their  length 
has  also  l)een  increased.  The  minimum  length  of  arch 
for  any  chain  grate  should  be  not-  less  than  5  ft.,  and 
',\iierever  necessary  to  get  the  jiroper  furnace  design  it 
may  be  longer.  This  has  resulted  in  a  substantial  in- 
crease in  the  eapacily  of  furnaces  ei|inp)ied  with  flat 
arches. 


It  frequently  happens  that  starting  or  field-conti'ol 
iheostats  i)eeome  open-circuited,  due  to  the  burning  out 
of  a  coil  at  a  time  when  it  is  impracticable  to  remove 
I  hem  from  the  circuit  for  repairing. 

In  those  emergency  cases  a  temporary  rejiair  can  be 
made  by  ringing  out  the  rheostat  (button  by  button) 
with  a  magneto  until  the  break  is  found,  and  then  filling 
the  gap  between  the  two  buttons  at  the  break  with  solder, 
tiling  the  surface  ofT  flush  with  the  contact  buttons. 

As  to  starting  rheostats,  cutting  out  the  defective  coil 
may  make  the  starting  a  little  uneven,  and  because  of  thi.- 
the  rheostat  arm  should  be  brought  up  somewhat  slower 
than  ordinarily.  The  only  efTcct  on  the  operation  of 
lield-control  rheostats  is  slight  resistance  decrease. 

In  cases  of  extreme  emergency,  it  is  possil)le  to  keep 
a  defective  rheostat  in  service  for  .some  time  by  wedging 
a  piece  of  fuse  wire  or  forcing  a  nail  in  the  gap  between 
the  defective  contact  buttons. 
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Lsiip^e  Dis'efi 


The  first  car  containing  generator  parts  for  the  mam- 
moth direct-current  power  plant  of  the  Ford  ilotor  Co. 
recently  left  the  -works  of  the  Crocker-Wheeler  Co.  at 
Ampere.  X.  J.  It  will  require  about  fifteen  cars  to  traus- 
jjort  all  the  material  which  comprises  these  four  big 
units,  each  one  having  a  normal  capacity  of  3750  kw. 
and  weighing  105  tons. 

The  lower  picture  shows  part  of  the  field  frame  en 
route  to  the  cars  and  the  upper  picture  one  of  the 
field  frames  with  coils  assembled.  This  is  21  ft.  high 
and  36  ft.  wide  across  the  supporting  feet.  The  arma- 
ture is  approximately  16  ft.  in  diameter  and  weighs 
about  87,000  poimds.     As  these  dimensions  exceed  the 


look  good,  and  the  manager,  when  it  was  suggested  that 
he  knew  very  weU  that  the  boiler  would  never  stand  marine 
inspection,  replied,  "In  marine  work  they  cannot  alfonl 
to  take  chances." 

The  next  examined  was  a  locomotive-type  boiler,  but 
one  peep  at  the  crown  sheet  was  enough. 

At  another  place  a  man  was  just  firing  up  a  little 
'apright,  and  -while  asking  him  a  few  questions  regarding 


Upper  View: 


Statoe  with  Field  Coils  ik  Place.      Lq-wee  Vie-w  : 
FEOM  Shops 


Paet  of  Statoe  Being  Teaxsported 


limits  set  by  the  railroads  for  clearances  on  tracks, 
bridges  and  tunnels,  the  assembly  of  the  armature  parts 
and  -winding  will  be  done  in  Detroit. 

m 

By  Edwaed  M.  Keys,  Je. 

Being  in  need  of  a  small  boiler  at  the  mine  here  in 
Alaska,  I  searched  the  country  for  a  second-hand  one.  I 
found  many  in  a  dangerous  condition  and  naturally  did 
not  make  friends  by  suying  so. 

Onp  10-hp.  upright  had  been  aUowod  to  fiU  with  mud 
around  the  side  of  the  firebox,  and  became  overheated 
and  bulged  between  the  stay.;  until  the  metal  was  only  a 
scant  %  in.  thick.  IMud  had  also  collected  on  the  lower 
tube  sheet  and  pockets  had  formed.  The  o-wner  stated  that 
it  had  carried  180-lb.  pressure  without  exploding,  and 
he  knew  it  was  safe ! 

A  machinery-   firm   had  one  for  sale    wliich  did  not 


any  boilers  of  which  he  might  know,  I  noticed  that  he 
started  the  injector  with  no  pressure  registering  on  the 
steam  gage.  I  asked  him  if  the  gage  was  not  out  of  ad- 
justment. "Oh,  she's  only  got  60  lb.  of  blind  steam," 
he  replied,  and  explained  that  he  meant  by  "blind  steam," 
the  pressure  not  recorded  by  the  gage. 

At  another  place  a  60-hp.  boiler  had  only  a  1-in.  pop 
safety  valve  and  that  had  a  stop  valve  between  it  and  the 
boiler. 

A  boilermaker,  taking  the  tubes  out  of  a  40-hp.  return- 
tubular  boiler,  told  me  to  look  iuside.  ilud  had  accumu- 
lated on  the  tubes,  and  was  packed  solid  between  them  in 
some  places.  The  crown-sheet  had  an  inch  of  mud  on  it. 
Two  new  handholes  had  to  be  cut  in  the  sides  to  get  the 
mud  out  of  the  water  legs  and  the  sheets  had  nearly  pulled 
off  the  stay-bolts. 

Surely,  we  need  an  inspection  law  here,  where  hollers 
of  from  five  to  three  hundred  horsepower  are  being  op- 
erated by  inexperienced  men. 
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Our  o(  Ike  |>riiiii|jal  ciuisrs  of  disaBlrou.s  hoiItT  l'N- 
pldsions  is  the  lap-seam  eraok.  Considering  the  present 
agitation  for  "safety  first"  and  the  evident  demand  for 
laws  to  govern  the  constnietiou  and  operation  of  steam 
lioilers,  with  the  idea  of  reducing  the  loss  of  life  and  the 
destruction  of  property  occasioned  by  boiler  explosions. 
it  would  seem  logical  for  the  law  makers  to  take  some 
surer  means  to  eliminate  this  cause. 

True,  practically  all  modern  boiler  laws  recogni/.c  ilio 
danger  in  this  form  of  construction  and  prohibit  its  use 
in  new  boilers;  while  such  laws  will  ultimately  do  t'way 
with  lap-scam  boilers',  it  is  not  practical  to  re(piire  own- 
I'rs  of  la])-seam  boilers  to  discard  them  for  more  modern 
lonstruction.  While  the  butt-strapped  construction  is 
more  widely  used  today  lliaii  a  few  years  ago,  there  are, 
IK)  doubt,  several  times  as  many  lap-seam  boilers  con- 
structed iu)W  as  there  are  hutted  and  strapped  type.  These 
boilers  must  be.  operated  for  years  yet,  and  while  the  laws 
in  force  ha\c  tried  to  curtail  their  use,  by  prescribing 
high  factors  of  safety,  this  remedy  is  little  better  than 
condenniiiig  them  outright. 

.Vnother  ol)jection  to  increasing  I  he  factor  of  safety  is. 
thai  it  has  never  been  ciinchisi\cly  dcnuiiist rated  that  the 
factor  of  safety  has  had  any  licai'ing  <in  the  siihjcct,  f(ir 
boilers  that  have  been  dpci'alinu'  at  \crv  inodei'ate  pres- 
sure seem  In  explode  as  I'cadily  fi-iun  this  cause  as  those 
operating  at  higher  pressures.  The  dilliculty  has  been 
that  the  la|)-seam  crack  defies  detection  until  it  has  weak- 
ened the  structure  so  much  that  an  explosion  is  almost 
inevitalilc.  A  number  of  ways  have  heen  suggested  for 
detecting  these  defects,  such  as  testing  the  electrical  re- 
sistance of  tlic^  plate  across  the  i)art  that  was  supposed 
to  be  affected,  and  taking  X-ray  i)ictures.  with  apparatus 
strong  enough  to  show  the  cracks  in  tlie  plate  if  they 
should  exist,  but  none  of  these  seemed  to  be  iiractieal  and 
were  never  tried.  Recently  a  process  iias  liecn  priipii>ed 
for  this  purpose,  that  is  so  simple  that  it  wimld  sccni 
impo.ssible  for  it,  to  fail  to  detect  such  cracks  if  they 
exist  in  a  lioiler  to  which  it  is  applied.  'I'his  method  was 
explained  in  tlu!  July   I  I   i.ssue  of  Powkk,  on  ))age  r>i>. 

Since  la|)-seam  boilers  cannot  well  lie  exterminated  at 
once,  il  would  seem  proper  for  the  law  makers  to  rcipiire 
that  all  owners  of  them  pnivide  this  sini]ile  means  of 
determining  whether  they  arc  sound  or  not. 

After  a  recent  exjilosion  prodiu/cd  by  a  lap  crack,  the 
mating  boiler,  of  the  samr-  make  and  age,  was  sus|)ected  of 
having  the  same  defect,  although  u<i  external  evideiue 
reveah'd  it.  Cutting  the  seams  a.s  described  in  the  article 
referrcfl  to  ai)ove.  showeil  the  presence  of  dangerous 
cranks  and  usi;  of  the  boiler  was  abandoned.  If  tiiis  test 
bad  iu»t  been  applied,  likely  this  boiler  would  have  been 
placed  in  service  and  it  might  have  later  exploded  and 
(aused  as  much  loss  of  life  ami  destructimi  nf  property, 
as  did  its  mate. 

In  another  instfince  two  builers  were  sus])eet«d  of  con- 
taining lap  cracks,  because  the  mating  boilers  of  ♦he  b..t- 


tery  Jiad  developed  such  cracks  several  years  before  which 
fortunately  were  discovered  before  they  resulted  in  an 
explosion.  The  inspector  was  disturbed  about  these  boil- 
ers and  had  told  the  owners  of  his  fears,  but  had  to  admit 
that  his  apprehensions  were  grounded  on  conjecture  only 
and  that  he  had  no  positive  knowledge  that  there  was 
anything  the  matter  with  the  boilers.  However,  when  the 
detector  slots  were  placed  on  the  seams,  it  was  conclusively 
shown  that  very  dangerous  cracks  existed  in  the  plate 
and  use  of  the  boilers  was  discontinued  at  once.  In 
numerous  other  instances  this  test  has  shown  that  sus- 
pected boilers  were  perfectly  sound  and  could  be  safely 
continued  in  use  so  far  as  danger  of  an  explosion  from  a 
lap  crack  was  concerned. 

It  is  proposed  by  some  to  discard  lap-seam  boilers  after 
a  given  number  of  years'  service,  but  this  would  be  an 
uncertain  remedy,  for  explosions  from  this  cause  have 
heen  known  to  occur  with  boilers  only  three  years  old. 
while  others  are  twenty  years  old  before  showing  the 
same  defects.  Usually  lap-seam  cracks  appear  in  from 
ten  to  fifteen  years.  The  method  of  detecting  the 
lap-seam  crack,  here  referred  to,  is  practically  the  same 
principle  as  the  drilling  of  the  ends  of  staybolts  to  deter- 
mine when  they  break.  If  as  many  explosions  resulted 
from  the  breaking  of  staybolts,  as  from  the  formation  of 
the  lap  crack,  there  is  little  doubt  hut  that  the  drilling  of 
the  ends  of  the  bolts  to  detect  such  defei'ts  would  be  com- 
pulsory. 


rmhahly  the  only  important  factors  now  to  limit  the 
growth  of  the  internal-combustion  industry  in  America. 
particularly  the  oil  engine,  are  the  cost  of  the  fuel  cm- 
])loyed.  capacity  Icasiblc  in  a  single  unit  and  human  con- 
servatism. Due  to  the  better  knowledge  and  greater  "x- 
pcricnee  nf  the  manufacturers,  the  foundation  for  tlic 
iild  prejnilice  against  this  form  of  pi'ime  ihovim'  because 
111'  its  nni-eliability  has  been  largely  swept  away.  The 
li.aekneyed  cbaig'c  that  America  e(Uilil  not  pruditee  the 
class  of  workmanshi]!  fcinnd  in  b'-iirope  is  \u>\v  refuted  in 
this  anil  dther  licl(l>.  Tln'  manufac^turers  have  lieeii 
iii-dUgbt  to  the  realization,  wbi-n  not  so  possessed  at  the 
outset,  that  not  oidy  niii.-t  suitable  material  and  high- 
gradi"  workmanshi])  be  alleged  Imt  must  ac-tiiallv  he  em- 
ploved. 

In  the  iicncral  power  (ield.  producer-gas  installations 
and  hca\y  oil  engines  must  eompeti'  with  steam-driven 
prime  movers  and  with  each  other.  In  .some  cases  geo- 
graphical location  may  eh^arly  require  or  local  conditions 
may  indicate  a  given  ty))e.  but  in  general,  operating  costs 
and  personal  ])reference  will  govern  the  selection.  .\ 
few  yearH  ago  the  gas-producer  plant  seemed  to  be  the 
"runner  u])"  of  the  small  steam  installation  from  the 
stand])oint  of  economy,  but  tlu'  oil  engine  seems  now 
to  have  supplanted  it  in  the  contest. 

It  is  often  hard  to  overcome  the  hesitancy  of  man  to 
try   the   untried,  notwithstanding  the  weight  of  reason. 
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even  in  his  own  mind,  may  lie  against  his  attitude.  This 
is  indicated  by  the  fact  that  there  are  people  doing  bnsi- 
ness  who  have  not  adopted  the  typewriter  or  the  tele- 
])hone,  although  they  know,  or  should  know,  that  to  do 
so  would  be  to  their  advantage. 

The  basic  Diesel  patents  having  lapsed,  the  heavy-oil- 
engine industry  has  received  an  impetus  by  the  entrance 
into  the  field  of  many  well  established  and  equipped  con- 
cerns, which  presages  progress  in  this  line. 

The  safety  valve  on  a  boiler  at  the  Thornhill  Iron  & 
Steel  Works,  at  Dewsbury,  England,  persisted  in  blow- 
ing. Thinking  that  this  was  due  to  the  valve  not  being 
tight,  the  engineer  of  the  works  instructed  an  attendant 
to  hang  a  weight  on  the  lever.  He  thereupon  put  on  a 
fifty-pound  weight.  This  failing  to  stop  the  escape  of 
steam,  the  engineer  instructed  him  to  put  on  another, 
which  he  did,  this  time  of  over  sixty  pounds  with  about 
ten  pounds  of  hooks,  etc.,  whereupon  the  boiler  exjdoded, 
causing  the  death  of  seven  men  and  serious  injuries  to 
over  twenty  others.  There  are  lots  of  men  in  charge  of 
boilers  who  do  not  know  any  better.  Is  it  time  for  an  in- 
spection and  license  law? 


One  says  rtiat  the  engine  room  is  no  place  to  read; 
another  that  a  good  engineer  will  find  something  else  to 
do  rather  than  reau.  Numerous  similar  objections  may  be 
made  to  the  practice.  While  we  are  not  arguing  that  the 
engine  room  should  be  m2.de  a  reading  room,  we  can  see 
no  reason  why  a  good  engineer  should  be  constantly  on  his 
feet  or  tinkering  with  something  or  other.  Then,  if  he 
has  a  place  where  he  can  keep  his  eye  on  everything,  cer- 
tainly there  is  no  harm  in  his  sitting  down  and  reading. 

This  applies  particularly  to  the  night  engineer.  He 
has  a  long,  lonesome  watch,  with  a  light  load  and  more 
leisure.  Why  should  he  not  improve  the  time  reading 
up  on  matters  that  will  make  him  a  better  engineer.  He 
has  no  time  to  read  at  home  for  when  he  is  not  trying 
to  sleep  he  owes  it  to  his  wife  and  children  to  give  them 
a  little  attention.  When  he  has  everything  rmming 
smoothly  at  night,  he  can  do  a  little  reading  without  neg- 
lecting liis  duty  in  any  sense.  Who  could  criticize  him  if 
he  made  himself  comfortable  and  dug  into  such  ques- 
tions as  economical  combustion,  methods  of  analyzing 
coal,  economizer  losses  due  to  scale,  or  any  other  sub- 
jects relating  to  power-plant  operation  and  repairs? 


Speaking  of  the  night  engineer,  have  you  never  licen 
one,  or  if  you  luive,  was  it  so  long  ago  you  have  forgotten 
his  hardship  ?  If  he  is  the  average  one,  he  has  twelve 
hours  on  duty.  Arriving  home  his  wife  is  up  to  greet 
him  and  his  youngsters  too,  if  he  has  any.  Then  he  has 
breakfast  with  them.  After  he  eats  he  visits  with  them  a 
little  time,  if  he  is  not  too  dead  tired,  and  then  he  goes 
to  bed. 

]\Ieantime  the  noise  and  bustle  increase  out  on  the 
street  aud  the  night  en>jnugyr  is  trying  to  sleep. 


The  sun  grows  hotter  and  hotter  until  his  bedroom 
feels  like  the  inside  of  a  boiler  off  for  cleaning,  with  a 
leaky  stop  valve ;  sleep  is  out  of  the  question  and  the  poor 
man  gets  up  in  the  afternoon  with  probably  no  more  than 
three  or  four  hours  sleep  oiat  of  his  twelve  hours  off.  He 
must  give  his  family  some  of  his  waking  time  before  he 
goes  back  to  the  plant.  Perhaps  he  has  some  errands  to 
do,  or  a  few  odd  jobs  around  the  house.  Then  off  he  goes 
for  another  night's  turn.  This  rather  tedious  cycle  is 
repeated  every  twenty-four  hours.  Is  it  any  wonder  that 
one  occasionally  falls  asleep  on  duty? 

We  nnist  have  a  little  charitv  for  the  niuht  cmrineer. 


Hmi'^es^a^Site   IB®nl©iP  lEsplosaoims 

There  is  one  thing  that  the  law  which  the  comniittee 
of  the  American  Society  of  Mechanical  Engineers  is  to 
reconnnend  as  a  model  for  legislation  to  restriet  the 
slaughter  and  damage  occasioned  by  the  abuse  of  boilers 
and  other  pressure  vessels,  should  include.  It  should 
2)^o^•ide  for  a  thorough  investigation  as  to  the  cause  of 
every  serious  accident  to  a  boiler  or  to  the  sort  of  pres- 
sure vessel  the  use  of  which  it  is  intended  to  regulate. 

The  Board  of  Boiler  Eules,  or  some  other  competent 
body,  should  be  authorized  to  carry  out  this  examination, 
empowered  to  subpoena  witnesses,  to  call  for  books,  papers 
and  other  pertinent  evidence,  and  be  required  to  submit  a 
report  within  a  reasonable  time  to  the  governor,  showing 
the  cause  and  manner  of  the  explosion,  and  fixing  the  re- 
sponsibility. The  owner  and  ojjerator  of  a  plant  in  which 
an  explosion  occurs  should  be  required  to  immediately 
report  the  same  to  the  investigating  authorities,  and 
penalties  be  provided  for  a  failure  to  do  so.  Insurance 
companies  should  also  be  required  to  report  claims  for 
losses.  In  this  way,  a  vast  amount  of  valuable  and  au- 
thentic information  regarding  explosions  would  be  ac- 
cumidated,  stress  thrown  upon  the  causes  which  most 
frequently  produce  explosions,  and  a  way  jDointed  out  to 
avoid  them. 


^Ehm^me^wm 


With  lesson  XXX,  which  ajqiears  in  this  issue,  the 
section  of  the  Study  Course  on  Elementary  Mechanics 
is  concluded.  To  the  man  working  in  the  power  plant 
who  is  desirous  of  knowing  a  little  more  of  the  theory  of 
the  machines,  this  course  should  be  of  value  and  help.  He 
■will  find  many  cases  where  he  can  apply  the  moi'e  general 
laws  discussed  in  the  course  to  the  solution  of  some 
particular  problem  that  may  confront  him. 

I\Iany  more  and  useful  princijiles  of  mechanics  might 
have  been  discussed  but  owing  to  the  desire  to  avoid  all 
complicated  mathematics  these  have  been  omitted,  es- 
pecially the  mechanics  of  liquids  and  gases. 

It  is  hoped  that  all  the  readers  of  Power  who  have 
followed  these  lessons  in  mechanics  may  have  gained 
some  new  insight  into  their  various  lines  of  work,  and 
have  had  aroused  in  them  a  keen  desire  to  know  more 
about  the  "whys  and  wherefores"  of  their  particular  biis- 
iness. 

Beginning  in  the  next  issue,  there  will  follow  a  series 
of  thirteen  lessons  on  "Problems  in  Power  Plant  De- 
sign" which  will  treat  of  the  various  problems  entering 
into  the  design  of  the  power  and  heating  equipment  of 
a  large  industrial  plant. 


Oftoher  in.  19U  P  0  W  E  T?  oHr 

igiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiuiiiiiiiiniiiniiiiNiiiiiiiiiiiiiiiiiiiiiiiiliiiiiliiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiN 


^iiiiiiiiiiiininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiniiiiwiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin 

The  oil  and  water  separator  described  on  page  2^!1  of 
the  Aug.  25  issue  seems  unnecessarily  complicated. 

A  tank  and  water  drain  pipe,  like  the  one  described, 
iind  an  oil  pipe  at  a  point  liiglier  than  the  level  of  the 
water  drain  pipe,  are  all  that  is  necessary.  At  some 
high   point  in  the  oil  pipe,  there  should  be  an  open- 

Cleanouf  hole  ^ 
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SurPLiFiEi)  Oil  Separator 

ing  to  allow  the  air  to  escape.  I  do  not  understand 
how  the  water  can  be  dean  after  it  has  been  in  such  in- 
timate contact  with  oil,  or  where  else  any  heavy  sedi- 
ment could  be  expelled. 

Leox  Lewis. 
Xew  York  City. 

m 

I  have  read  J.  Thorn's  letter  on  p.  0:iO,  June  30,  and  N. 
C.  Gleason's,  on  p.  217,  Aug.  1 1,  under  the  above  ca))tion. 
I  am  not  personally  acquainted  with  the  local  conditions 
of  the  first,  but  ^Ir.  Gleason  is  nearer  my  honu  town. 
Machinists  do  get  45  to  50c.  per  hr. ;  as  to  engineers,  with 
but  few  exceptions,  getting  ;50c.  per  hr.  or  less,  I  think 
it  is  easy  to  see  where  tlie  trouble  is. 

Engineers  of  the  class  referred  to  are  not  mechanics, 
and  cannot  go  very  far  troidile-shooting.  As  for  Mr. 
Gleason's  scrii])les  against  butting  into  another  man's 
trade,  while  he  is  aiming  to  become  proficient  in  handling 
electricity,  is  he  not  butting  into  the  electrician's  busi- 
ness? Electricians  generally  get  higher  pay  than  ma- 
chinists. 

Again,  how  does  an  engineer  looking  for  advancement 


expect  to  qualify  himself  to  take  charge  of  large  plants, 
where  several  fitters  and  machinists  are  employed  on  con- 
struction and  repairs,  if  his  knowledge  is  limited  to  what 
he  has  read  in  books  ?  This  kind  of  cliief  soon  goes  back 
to  the  30c.  per  hour  class. 

The  law  in  Alberta  calls  for  24  months  of  shop  practice 
Ijefore  a  man  can  sit  for  a  first-class  license.  I  think  it 
should  call  for  48  months'  experience  as  a  journeyman 
machinist  in  making  and  repairing  steam  engines  and 
power-plant  equipment.  Having  tliis  knowledge  in  store, 
he  will  find  it  much  easier  and  will  not  be  compelled  to 
call  on  outside  help  for  anything  which  demands  skill  and 
l)ractice.  Furthermore,  his  employer  is  a  poor  business 
man  if  his  pay  does  not  correspond  with  his  ability. 
Bexjajiix  J.  Rexdov. 

Edmonton,  Alta. 


(Some  time  ago  I'dweu  had  a  cartuon  showing  what 
might  happen  to  the  attendant  should  a  tube  burst  while 
he  was  in  front  of  the  door. 

Having  a  number  of  large  water-tube  boilers  untler  my 
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Catch  on  Ohdixary  Dock 

charge,  I  decided  to  get  up  a  device  that  would  prevent 
sucJi  an  accident.  One  illustration  shows  the  door  just 
before  closing,  with  the  catch  raised  ready  to  fall  in 
place  when  the  door  is  closed;  the  other  has  the  catch 
domi  over  the  bar  that  locks  it,  and  prevents  it  being 
forced  open  should  a  t\ii)e  fail. 

Thomas  J.  Pascoe. 
Xorway,  ^lich. 

Does   ©nE  Aftftsiclte  ftSae  Eira^nifiie 
CylimidfleK's? 

The  engines  in  our  plant  are  large  triple-expansion 
nnichines,  each  having  two  very  large  low-pressure  cylin- 
ders. The  vacuum  carried  is  rather  high,  averaging 
about  27  in.  We  have  found  it  exceedingly  dillicult  to 
lubricate  the  cylinders  satisfactorily  or  so  as  to  prevent  a 
rapid  wearing  away  of  the  cylinder  walls.  The  engineer 
who  erected  the  machines  insisted  on  using  oil  in  large 
quantities  until  the  machine  was  thoroughly  broken  in, 
after  which  he  said  the  quantity  might  be  considcrabl}' 
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reduced.  We  have  found,  however,  that  instead  of  de- 
creasing the  supply  of  oil,  it  has  been  necessary  to  in- 
crease it,  or  at  least  that  is  what  we  have  done. 

Recently  there  has  been  a  great  deal  of  discussion  by 
our  engiueeriiig  force,  and  by  others  outside  whose  opin- 
ions have  been  sought.  Out  of  this  discussion  conies  the 
rather  st<artling  assertion  that  the  rapid  cutting  away  of 
tlie  cylinders,  which  are  made  of  a  soft,  coarse,  gray  iron, 
is  due  primarily  to  the  use  of  such  excessive  quantities  of 
oil.  The  opinion  voiced  is  that  the  acid  in  the  oil  actually 
eats  away  the  iron ;  it  is  so  porous  that  this  acid  readily 
penetrates  beyond  the  surface. 

As  this  is  something  new  to  me,  I  shotdd  much  appre- 
ciate knowing  whether  other  readers  of  Power  have  had 
similar  experiences,  and  have  been  able  to  trace  them 
positivelv  to  the  use  of  an  acid-bearing  oil. 

B.  F.  Mayei!. 

Buffalo,  X.  Y. 

Si 

Prior  to  1911,  so  far  as  I  could  fiud,  a  fusible  plug  had 
never  been  used  in  any  of  the  40  or  more  boilers  with 
winch  I  had  to  do,  and  some  of  them  were  of  the  latest 
water-tube  type,  and  in  large  plants.  Since  then,  I  hope 
they  have  been  so  fitted.  Builders  of  water-tube  boilers 
do  not  make  provision  for  fusible  plugs  except  where  re- 
quired by  law. 

If  composed  of  the  proper  alloy  and  kept  free  from 
scale,  a  fusible  plug  will  melt  when  the  waftr  gets  low 
enough  to  uncover  it.  I  know  of  instances  where  serious 
trouble  would  have  been  prevented  if  the  boilers  had  been 
protected  by  operative  fusiljle  plugs.  In  one  ease,  the 
damage  to  the  boiler  was  about  $1000.  In  another,  the 
alloy  in  the  plug  melted  at  low  water  but  the  coating  of 
scale  above  it  was  so  thick  that  it  did  not  blow.  Some- 
times, the  location  of  the  plug  as  required  by  law  is  such 
that  it  is  almost  inaccessible  from  either  side,  and  there- 
fore is  not  kept  free  from  scale  or  soot,  which  may  prevent 
it  from  melting  at  the  proper  time. 

The  principal  cause  of  low  water  in  the  boiler  is  the 
operator's  neglect  or  carelessness.  If  he  is  watchful,  he 
will  know  when  anything  is  wrong  or  when  the  water  is 
getting  low,  and  will  have  time  to  either  correct  the  trou- 
ble or  get  the  boiler  out  of  service  before  the  water  gets 
dangerously  low. 

Some  tA^pe  of  fusible  plug,  as  an  independent  low-water 
alarm,  connected  directly  to  the  shell  of  the  boiler  shoidd 
be  required  and  independent  of  the  usual  high-  and  low- 
water  alarm. 

Feed-water  regrdators  are  a  great  help  if  properly 
used,  but  their  automatic  features  sometimes  cause  the 
operator  to  become  careless,  and  he  does  not  watch  the 
water  level  as  closely  as  he  should.  Perhaps  the  reg- 
ulator may  get  out  of  order  or  the  feed  be  interrupted; 
then  the  water  gets  dangerously  low  before  it  is  dis- 
covered. 

I  have  in  mind  a  low-water  alarm  made  of  a  piece  of 
%-in.  pipe  extending  through  the  top  of  the  Iwiler  down 
to  the  safe  low-water  level.  The  end  outside  of  the 
boiler  has  a  fusiljle  head  similar  to  an  automatic  sprink- 
ler head,  and  above  the  fuse  is, a  whistle.  Wlien  the 
water  in  the  boiler  is  at  the  proper  level,  this  pipe  is 
full  of  water  and  the  temperature  is  low  enough  to  pre- 
vent the  fuse  from  melting.     When  the  water  lowers 


lieyond  the  end  of  the  internal  pipe,  the  water  is  drained 
out  and  steam  enters,  melts  the  fuse  and  blows  the 
whistle  until  it  is  shut  off.  A  fault  of  this  arrangement 
is  that  a  valve  is  placed  between  the  fuse  and  the  boiler 
to  permit  a  new  fuse  being  inserted  without  letting  the 
steam  off  the  boiler.  This  valve  is  likely  to  become 
closed,  thus  making  the  alarm  useless.  Nevertheless, 
an  independent  low-water  alarm  is  important  as  it  gives 
warning  before  the  danger  point  is  reached. 

J.  C.  Hawkins. 
nvattsville.  Jhl. 


The  editorial  of  ]\[ay  2G,  191-1,  concerning  safety'-  damp- 
ers interested  me  so  nuuh  that  early  in  June  I  had  two 
doors  made  as  shown  and  set  into  the  brickwork.     This 


Dooi;  Set  tn  BKirKWOKK 

idea  was  suggested  in  a  letter  in  Power  by  one  who  had 
experienced  tulje  trouble.  Some  of  my  brother  engineers 
seem  to  think  it  a  joke  to  put  a  safety  valve  in  the  brick- 
work, but  I  think  it  is  a  good  thing. 

Wallace  Johxson. 
Utica,  X.  Y. 

Eecently  I  had  an  anuisiug  experience  which  illus- 
trates the  peculiar  mental  attitude  assumed  by  some  men. 
I  was  consulted  by  the  owiiev  of  a  small  factory,  who 
complained  about  the  conditions  existing  in  his  power 
plant.  The  substance  of  his  complaint  was  the  excessive 
drop  in  pressure  between  the  boilers  and  the  engine — some 
six  pounds.  He  had  figured  out  the  loss  in  money  and 
had  about  concluded  to  spend  some  in  reconstructing  the 
piping  system. 

Upon  visiting  the  plant,  we  arrived  at  the  engine 
room.  Here  was  a  simple  Corliss  engine  of  about  250 
hp. ;  a  6-in.  steam  pipe  led  to  it.  There  was  notliing 
to  indicate  an  abnormal  drop  in  pressure — in  fact,  the 
pipe  was  somewhat  larger  than  I  would  have  used  under 
the  circumstances. 
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Enteriug  the  boiler  room  from  the  rear  of  the  boilers, 
I  saw  the  usual  style  of  conuection,  but  nothing  to  ac- 
count for  the  large  drop  in  pressure.  It  seeniecl  that  a 
one-jjouud  drop  should  have  covered  the  case  as  the 
equivalent  length  of  pijie  was  less  than  100  ft.  I  was 
having  visions  of  obstructions  in  the  piping  when,  on 
reacliing  the  front  of  boilers,  found  the  steam  gage  down 
about  7  ft.  from  the  floor  and  the  connecting  pipe  rising 
from  the  top  of  the  boiler  so  as  to  put  a  head  of  water 
on  the  gage  that  measured  10  ft.  G  in.  Here  was  iy^ 
lb.  accounted  for. 

The  explanation  was  satisfactory  to  the  owner  and  he 
was  much  pleased  that  liis  trouble  was  really  no  trouble  at 
all.  The  amusing  (  ?)  feature  was  that  he  did  not  con- 
sider my  services  worthy  of  compensation,  for,  as  he  ex- 
pressed it,  "Any fool  could  have  told  me  wliat  was 

the  matter !" 

Had  I  recommended  larger  piping  and  work  tliat  would 
run  up  in  cost  he  would  prol)al)ly  liave  regarded  me  as 
being  strictly  onto  my  business. 

C.  0.  Sandsteom. 

Kansas  Cit}-,  ilo. 


nleaties'  aia 

An  efficient  submerged  heater  was  constructed  of  old 
stock  material  and  placed  in  a  supply  tank  from  a  water- 
softening  system,  utilizing  the  exliaust  from  a  12x20x20 
x2  Mn.  duplex  pump.  The  tank  was  18  ft.  in  diameter 
and  11  ft.  high.    The  construction  was  as  follows: 


HeATKR  SuHMKItOED  liV  TaNK 

One  length  of  20-in.  and  two  of  15-in.  pipe  were  drilled 
and  tapped,  as  .sliowu  in  the  illustration,  and  connected 
with  21/2-iii-  pipes.  Tlic  larger  pipe  was  flanged  with  a 
piece  of  %-in.  boiler  plate  on  each  end,  into  which  was 
expanded  a  number  of  old  boiler  tubes.  On  the  front  end 
was  ])ut  a  ring  of  1-in.  iron,  wliicli  acted  as  a  distance 
piece,  allowing  tlie  ilistribution  of  tlic  water  through  the 
tubes. 


The  steam  enters  through  pipe  A  and  flows  through 
the  smaller  connections  into  the  larger  pipes;  the  vapor 
is  conducted  to  the  atmosphere  through  the  pipe  C.  The 
condensate  is  drained  through  the  sides  of  the  tank  and 
then  pumped  to  the  top.  The  feed  water  is  achnitted 
through  pipe  B  into  the  tubes  and  flows  out  at  the  other 
end  into  the  tank. 

John  F.  Hukst. 

Louisville,  Ky. 

Up  to  a  year  ago,  our  furnace  doors  cracked  and  finally 
broke  in  two,  as  shown  at  D  in  the  illustration. 

To  eliminate  this  trouble,  we  had  several  rings  cut  front 
boiler  plate  just  large  enough  to  fit  over  the  rib  around 
the  damper,  and  1%  in.  wide.    These  were  drilled  for  the 


FuENACE  Door  Eepaieed 

bolts  BBB,  which  serve  the  double  purpose  of  holding  the 
ring  and  the  door  lining.  The  smaller  bolts  ('('  lielp  to 
hold  the  two  pieces  together. 

We  have  fitted  all  of  our  doors  with  these  rings  and 
find  that  they  give  longer  service  without  attention  than 
woidd  new  ones. 

Georgjo  p..  LoxosriiiiiiT. 

Somerville,  Mass. 

dpsicl^  aia   BoaEeff  Slh©fiE 

A  recent  article  on  patching  boilers  recalled  an  ex- 
perience I  had  with  a  GG-iu.  by  16-ft.  return-tubular 
l)oiler,  in  which  a  fire  crack  developed,  extending  from 
a  rivet  hole 'above  the  fire-doors  for  i  in.  on  the  bottom 
of  the  fire  sheet.  As  the  boiler  had  a  flush  front,  the 
fire  sheet  extended  IG  in.  beyond  where  the  head  joins 
the  shell. 

It  was  at  first  thought  that  the  crack  was  caused  by 
cold  air  entering  through  the  panels  in  the  fire-doors  used 
in  connection  witli  a  smoke  preventer,  but  upon  removing 
six  rivets  to  insert  a  patch  over  a  hole  left  by  a  piece 
cut  out  of  the  shell  where  the  crack  occurred,  it  was 
found  that  tlic  rivet  holes  in  the  lu'ad  and  the  shell  did  not 
correspond.  This  made  it  evident  that  the  holes  liad  been 
punched  to  size  instead  of  being  punched  small  and  then 
reamed  to  tiic  jiropcr  diameter  to  take  the  rivets;  also, 
that  a  drift  jiiii  had  been  used  freely  in  joining  the 
head  to  llie  shell. 

The  lioilcr  is  of  llie  tri]ile-rive(ed,  butt-joint  type,  con- 
structed of  I'g-in.  metal  and  '^y-iu.  rivets;  it  was  built  for 
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1 50-lb.  workiu:;  pressure.  To  put  it  ou  the  market  in  such 
a  condition  as  representing,  it  is  supposed,  a  piece  of  first- 
class  workmanship  and  design,  was  hardly  honest,  and 
not  only  endangered  the  reputation  of  its  builder,  but  the 
lives  of  those  who  operated  it. 

It  would  also  seem  that  in  the  construction  of  steam 
l)oilers  at  a  time  when  competition  is  keen  and  the  cost 
of  material  is  a  large  factor,  that  boiler  makers,  es- 
l)ecially  the  small  ones,  are  likely  to  neglect  to  remove 
enough  metal  from  the  edges  of  the  rings  when  rolled. 
The  edges,  being  cooled  quicker  than  the  interior  of  the 
shell,  are  in  danger  of  hardening  and  becoming  aiiore 
l)rittle  than  that  part  of  the  shell  which  cools  more  slowly ; 
therefore,  the  edges  of  the  rings  lack  tlie  toughness  that 
should  characterize  a  metal  of  high  tensile  strength. 

Test  bars  should  be  taken  from  all  boiler  plate  during 
construction,  but  where  there  is  no  law  to  that  effect  it  is 
not  always  done. 

La  KiE  H.  .Stakk. 

Delavan.  Wis. 


To  llie  beginner  tlic  iiroljlmn  of  obtaining  smokeless 
combustion  is  generally  very  complicated,  hut  if  he  will 
ijear  in  mind  one  |)rinci])le,  it  will  go  a  long  way  toward 
helping  him  to  understand  many  of  the  smoke-])revent- 
ing  furnaces.  Tliis  principle  is  to  so  construct  the  fur- 
nace as  to  cause  the  gases  to  come  in  contact  with  a 
hotter  surface  before  they  reach  that  of  the  boilei'.  Hence 
the  reason  for  the  large  coniljustion  arch  of  tiie  chain- 
grate  furnace,  the  steam  jets  in  other  types,  and  for  forc- 
ing the  gases  up  through  tlie  incandescent  fuel  in  tlic  van'-, 
ous  underfeed  ty])es. 

He  will  also  understand  tlie  great  benelit  derived  from 
high  settings  and  when  iiaml  firing  will  nnte  the  advan- 
tage of  allowing  the  fuel  to  coke  on  the  tlead  plate.  The 
object  in  each  case  is  to  lead  the  gases  to  a  liottcr  place 
before  they  conie  in  contact  with  the  comparatively  cool 
boiler  surface. 

.T()H\  V.  Hri;<T. 

Louisville.  Ky. 

'*' 

Although  considerable  lias  Ijeen  written  about  fec<l- 
water  heaters,  perhaps  more  on  the  subject'  will  not  be 
amiss,  especially  on  the  careless  way  in  which  they  are 
installed.  Very  often  the  heater  is  in  some  out-of-the- 
way  place  and  covered  with  dirt,  when  it  should  be  ac- 
cessible and  kept  clean,  both  inside  and  outside,  to  ren- 
der efficient  service. 

In  any  plant  where  steam  escapes  from  the  e.xhaust 
pipe  and  the  feed-water  temperature  is  not  200  deg.  or 
higher,  there  is  something  wrong  with  the  size  or  man- 
agement of  the  heater. 

Some  engineers  pay  but  little  attention  to  the  tem- 
perature of  the  feed  and  are  indifferent  to  the  oft-re- 
peated statement  that  11  deg.  rise  in  the  temperature  of 
the  feed  water  will  result  in  a  saving  of  one  per  cent,  in 
the  coal  bill. 

The  best  type  of  heater  to  use  depends  on  the  working 
conditions  of  the  plant.     A  closed  heater  is  not  suitable 


where  the  Ked  water  contains  much  scale-forming  sub- 
stance or  where  the  exhaust  steam  is  intermittent,  be- 
cause the  tubes  will  become  coated  with  scale  in  the  one 
case  and  the  sudden  changes  in  temperature  will  loosen 
them  in  the  other.  An  open  heater  will  give  better  re- 
sults as  it  is  much  easier  to  clean  and  is  not  affected  by 
sudden  temperature  changes.  The  efficiency  of  an  open 
heater  is  reduced  by  feeding  too  much  cold  water  ;ni(l 
allowing  the  excess  to  pass  off  through  the  overflow. 

Upon  taking  charge  of  a  plant  at  one  time,  I  was  as- 
tounded at  the  size  of  the  water  bill,  but  I  discovered  that 
the  float  in  the  heater  was  inoperative.  The  fireman  told 
me  that  my  predecessor  wanted  the  heater  to  overflow  to 
flush  out  the  oil  and  scum.  After  adjusting  the  valve 
rod  I  made  a  saving  of  $37  in  the  water  bill  the  first 
month  and  raised  the  temperature  of  the  feed  water  If! 
degrec>. 

Loris  B.  Cakl. 
.Marsblicld.  Wis. 


BlfSiCll^eft  for  Oal  Ctmps 

'I'lie  illustration  shows  a  sini|)lc  bracket  for  the  oil  cups 
on  a  Westinghouse  gas  engine.  1  put  them  all  in  one 
l>lace  and  piped  from  them  to  the  various  bearings,  as 
those  (in  the  governor  side  of  the  engine  were  scattered 
around,  some  in  out-of-the-way  jjlacesand  un-safe  to  reach 
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Beacket  and  Cups  ix  Place 

when  the  engine  was  running,  and  often  negb'cted  on  that 
ai-count. 

The  bracket  is  nuide  up  of  lxlx%-iu.  crosses,  one  ]- 
in.  cross  carrying  the  large  cup  which  was  tapped  through 
and  a  long-thread  nipple  run  through  it  with  a  locknut 
on  the  other  side.  The  other  cups  were  similarly  fitted 
with  1/4 -in.  pipes.  This  jDlaces  all  the  cups  in  a  line  and  in 
plain  view,  so  that  none  need  be  overlooked  when  filling ; 
they  are  also  much  easier  to  regulate.  The  bracket  was 
fastened  to  the  crank-case  of  the  engine  by  drilling  two 
holes  and  putting  in  two  %-in.  studs,  so  that  two  fittings 
would  set  down  over  them  and  be  clamped  rigidly  in  place 
by  the  nuts. 

L.  M.  .ToHxsox. 

Emsworth,  Penn. 
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G.  H.  Crawford. 


Sl®Emie=Madl©    C^IbEe  dsiSinip  There  is  little  (laii^mn-  that  such  a  freak  diagram  would 

.    ,  1         J-    1  •     ■>       ■  ^      .•       X  '"5  taken  unintentioiiallv,  for  the  iudieator  valve  had  to 

A  large  number  of  clamps,  similar  in  construction  to  .^  ,.^^,.  „„„^i„    i       i  i    1-  a-    .         xi  i 

^,  ^,  1     ivr     TT    1  1-1    n  .         ,  ''6  ^erv  nearlv  closed  before  any  effect  on  the  card  was 

the  one  shown  by  Mr.  Hodges,  page  lil,  rowEK,  Aug.  4,  „  ti  •iblo         ' 

1914,  are  in   use  on   the   Brooklyn   Bridge  at  the  cable 
crossing. 

Tiu'ir  sliajic  varies  a  trifle  from  the  sketch  shown,  but 
the  idea  is  the  same,  the  cables  on  the  bridge,  however, 
crossing  each   other  at  tJic  ilaiiip. 

Kn\VAi;i)  ().  Johnson. 

East  Oranae.  N.  J. 


meeip  (uomaipipes 


Installing  a  hirge  Corliss  engine  in  an  out-of-the-way 
])la(e  with  but  few  tools,  is  a  trying  ordeal.  I  know  it. 
A  lew  jiinch  liars  and  a  jack  borrowed  from  a  section  boss 
constilnted  the  entire  equipment.  All  went  fairly  well 
until  il  (anic  to  lowering  the  oiie-|iierc  flywheel  into  the 
While  inilicating  an  ammonia  comjjressor  recently,  the  ])it.  It  occurred  (o  me  to  ])artly  lill  the  |iit  with  dry 
indicator-needle  valve  leading  to  the  cylinder  was  throt-  sand.  Then  the  wheel  was  rolled  down  easily  and  the  shaft 
tied.  A  diagram  taken  under  this  condition  is  shown  in  ])ut  into  it.  i^>y  digging  the  sand  out  the  wheel  settled 
Fig.  1.  On  the  compression  stroke  the  pressure  in  the  down  until  the  shaft  rested  in  the  bearings, 
rylinder  was  not  able  to  transmit  itself  fully  to  the  iiidi-  Philip  P.  Duxton. 

cator  i>istoii ;  on  tlie  suction  stroke  the  j)ressure  in  the  in-  Jfc  I'herson.  Kan. 

This  letter  is  written  to  bring  out  a  healthy  discus- 
sion on  the  aboxe  subject  by  those  whi>  have  witnessed 
a  similar  pheiunnciioii.  A  short  time  ago  I  was  attracted 
by  some  boiler  tulies  and  a  head  which  w<tc  being  loaded 
on  a  wagon.  Knowing  tbat  this  buildinu  had  a  i-ompara- 
tively  new  boiler,  the  need  of  snch  extensive  repairs  at 
so  early  a  date  was  sur|)risinL;. 

It  was  a  42-in.  by  I3-rt.  low-prc^suiv  Im.iIci-  (10-Ib. 
gage),  containing  ."is  tbrce-inth  tuln's  aiul  supplied  heat 
to  an  oflice  Iniilding  and  Turkish  bath.  The  shell  was 
of  1/i-ii'-  ^teel,  with  a  handhole  at  the  bottom  of  the 
front  head  and  a  lOxlH-iii.  niaiibolc  at  tlic  lop  of  the 
rear  head.  The  Imilcr  i>  insured  and  iu>|iecled  at  regu- 
lar illtel•val^.  ami  is  uiuI<t  the  general  charge  of  an  engi- 
neer eniploNcil  li\'  the  building  owner,  who  comes  over 
from  liis  nearliv  plant  e\civ  dav  to  see  to  thiiiirs  in  gen- 
eral. 

While  excrytbing  \\a<  iioi-nial.  there  suddenly  came  a 
r(.ar  of  cM-apiiig  steam  ri(uu  tlie  back  bead,  the  gage  at 
the  lime  registering  2  lli.  ami  the  lire  ]irac1ically  dead. 
At  the  toji  of  the  manhole.  ju>l  at  llic  l.cml  id'  the  flanged 
sheet,  was  a  hole  half  an  iiuli  wide  in  the  middle.  ta|)- 
■sring  to  the  ends  and  ".'  in.  long,  eaten  entirely  through 
the  •■'{<-iii.  .-licet.  l\iiin>ii)ii  was  evident  all  around  the 
manhole  iollnw  ing  a  i;cneral  line  at  the  bend  id'  the  sheet, 
but    it   gave  way  at   the  top   lii'st. 

'I'he  cast-iron  manhole  ]date  wa-  eaten  away  all  ariuiiid 
the  vA'j:i-<  of  the  guide  ring,  ino>t  ly  in  one  s|iot,  but  /"// 
opposite  the  worst  jdaco  in  the  bend,  wbere  tbe  blowout 
occurre(l.  There  was  no  evidemi-  id'  a  leak  around  the 
joint  or  the  rivets.  The  iioiler  bad  been  cleaned  eight 
weeks  befoi-c.  and  was  in  <'\cellcnt  >liape.  both  as  to  scale 
dicatoi  coidd  not  relieve  itself  (itin-kly  and  follow  the  ami  condition  of  tlie  shell  generally.  The  scale  was  onlv 
low  procure  III  tbe  cylinder  ol'  the  compressor.  a  coloring  on  the  sheets  ami  tube>.     .VII   this  action  oc- 

W'ithout    knowing    tbat    the    valve    was    throttled o      <  tirred   in   these  ei,:;ht  weeks  ami   ]ndbably    from    tbe   fid 

might  suppose  that  the  compressor  was  in  bad  condition.      lowing  cause: 

tii<-  "tbiniies^"  of  the  diagram  indicating  jiiston-  and  sue-  Tiiere  was  a  long  scraper  kcjit  (ui  lop  of  the  boiler  when 

tion-vaive  leakage,  and    tb<'   rounded    "heel"  showin.i:  e\-       'nd  in  ii.'-e,  tlie  liandle  projecting  aiiout  three  feet  in  front 
c(■s^i\(.  clearance.  <d'  the  ixdier,  while  the  other  end  iinng  down  about  even 

The  true  diagram,  taken  with  the  valvt;  open,  is  shown  ■.villi  the  rear  liead,  resting  mi  tbe  biiekwiuk.  it  was  tbe 
in  l''ig.  2,  and  it  indicates  that  the  compressor  is  in  good  habit  to  hang  an  extension  cmil  in  the  projiMtini;  bamlli- 
coiulition.  ol    tlii>   scraper,   and    il    i-   bi'lieved    that    the    rod    becanio 
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charged,  the  current  following  down  and  jumping  to  tlie 
boiler  and  setting  up  electrolysis. 

No  moisture  could  drop  dowTi  on  the  boiler  or  head, 
a  leak  is  out  of  the  question  and  the  boiler  is  practically 
new,  and  has  had  proper  care.  Does  this  theory  look 
reasonable  ?  I  trust  that  others  will  write  of  similar 
experiences,  as  I  have  not  seen  anything  in  Power  lately 
along  tliis  line. 

GEonGE  H.  Wallace. 

Racine,  Wis. 

To  the  average  engineer  the  expaiisinn  of  steam  lines 
is  a  mysterious  aflfair,  but  if  neglected  in  steam  fitting 
he  will  sooner  or  later  have  lines  which  "somehow  or 
,  other  always  leak." 

When  coupling  up  pipework  he  should  never  allow  a 
strain  which  the  expansion  will  increase ;  in  other  words, 
it  is  far  better  to  have  the  pipe  a  little  short  when  cold 
than  to  have  it  too  long  as  the  expansion,  of  course,  will 
elongate  it. 

A  handv  rule  to  determine  the  amount  of  expansion 
is  as  follows:  Multiply  the  difference  in  degrees  tempera- 
ture between  the  hot  and  cold  pipe  by  the  lengtli  of  the 
pipe  in  inches  and  divide  by  the  constant  1.50,000;  the  re- 
sult will  be  the  expansion  in  inches. 

£.rani/j/e— Steam  at  100  lb.  pressure,  temperature  of 
atmosphere  80  deg.  F.,  length  of  pipe  100  ft. 

Temperature  of  steam  at  100-11).  pressure  =  337.8; 
then 

r3.37.8  —  80)  X  1200 


piston  as  it  approaches  the  end  of  the  stroke.  The  in- 
dicator will  show  excessive  lead,  but  that  is  preferable 
to  the  noise. 

Joiix  F.  Ht:RST. 

Louisville.  Kv. 


150,000 


.ocri  in. 


or  a  little  over  Va*  of  an  inch  jjer  lineal  foot. 

Joiix  F.  HUKST. 
Louisville,  Ky. 

Cs^Iiiradler 

Large  vertical  cross-compound  engines  sometimes 
knock  or  pound  in  the  low-pressure  cylinder.  This  usually 
occurs  after  the  engine  has  been  in  service  some  time, 
and  as  the  supporting  base  of  the  cylinder  is  generally 
of  hollow  construction,  it  acts  as  a  sounding  board  and 
greatly  exaggerates  the  noise. 

The  cause  is  that  at  the  upper  end  of  the  stroke  the 
piston,  being  supported  only  by  the  more  or  less  flex- 
ible piston  rod,  is  thrown  against  the  opposite  side  of 
the  cylinder  by  the  impact  of  the  entering  steam.  The 
operation  of  the  admission  valve  being  quick,  the  piston 
receives  a  tremendous  side  blow. 

The  effect  is  not  evident  at  the  beginning  of  the  up- 
stroke as  the  stufiing-box  packing,  etc.,  render  the  rod  less 
flex-ible.  The  trouble  is  rarely  experienced  with  the  lugh- 
pressure  piston  as  its  rod  is  larger  in  proportion  to  the 
piston  diameter.  The  best  remedy  is  to  remove  the  pis- 
ton and  increase  the  tension  of  the  packing  rings.  With 
some  tj-pes  of  pistons,  removing  the  follower  will  allow 
access  to  the  rings,  and  stiffening  the  packing  offers  more 
resistance  to  the  throwing  action  of  the  steam. 

Another  way  to  stop  the  noise  until  the  packing  can 
he  worked  on  is  to  increase  the  lead  of  the  upper  steam 
valve,  causing  a  gradual  action  of  the  steam  against  the 


The  gland  studs  on  })umps  often  show  distress,  espe- 
cially those  aboard  ship,  or  on  pumps  which  circulate 
brine.  The  action  of  the  salt  water  tends  to  rust  out 
the  threads  and  allow  the  stud  to  pull  out. 

The  regular  repair  consisted  of  tapping  out  the  hole 
to  the  next  larger  size  and  fitting  in  a  new  stud  having  a. 
larse  end  threaded  to  fit  the  new  tapping.    Conditions  do 


Loose  Stud  ^Iade  Secure 

not  permit  of  this  work  being  done  at  the  time  of  the 
failure  in  every  case,  so  that  a  temporary  repair  is  neces- 
sary. The  illustration  shows  how  to  tide  over  such  an 
emergency  in  a  thoroughly  satisfactory  manner. 

Cut  and  thread  a  rod  of  the  same  size  as  the  studs  and 
just  the  length  that  will  fit  in  between  the  ends  A  and  B 
of  the  two  opposite  studs.  With  nuts  screwed 
flush  with  the  ends,  the  new  rod  is  then  set  in  between 
the  two  studs  and  the  nuts  screwed  half  way  on  each  stud. 
making  a  continuous  rod  of  the  three  parts. 

If  it  is  desired  to  put  an  end  pressure  on  tlie  studs,  the 
new  rod  may  be  unscrewed  the  desired  amount  when  ir 
place  and  after  the  first  nut  has  been  started  on  the  stud 
and  the  other  nut  not  entered.  This  will  act  as  a  jack 
screw  and  put  an  end  pressure  on  each  stud. 

.T.  A.  Lucas 

Ozone  Park.  L.  I.,  N.  Y. 

OiPSiplhiJft®   aim  BonEeiPS 

The  boilers  in  the  writer's  charge  are  cleaned  semi-ani 
nually.  In  February  of  tliis  year  the  use  of  graphit 
was  started.  On  Aug.  13  one  unit  was  cut  out  and  th 
drums  were  found  coated  with  a  thin,  spongy  scale,  im 
pregnated  with  graphite,  but  the  tubes  were  lined  with 
\ery  hard  scale  %  in.  thick  with  no  graphite  in  it.  Wh 
does  graphite  not  affect  the  scale  in  the  tubes? 

I  believe  that  where  the  circulation  is  not  so  rapic 
the  graphite  is  able  to  work  under  the  scale,  but  ths 
in  the  tubes  no  opportunity  is  given  it  to  settle.  Ther 
fore,  it  is  carried  to  the  rear  headers  and  the  greater  po: 
tion  .settles  into  the  mud  drum  and  is  blown  out. 

IT.  A.  Cox. 

Middletown.  N.  Y. 
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y    from   Boiler — Should    the 
to   an   engine    incline    up   or 


Steam   Pipes   Should   Drain 

steam   pipe   leading   from   a   bi 
down  from  the  boiler? 

H.  H. 
All  steam  mains  should  be  so  sloped  that  the   water   from 
condensation   will   drain   away   from    the   boiler,   thus   allowing 
gravity  and  the  flow  of  steam  to  work   together. 

I'urpose  of  Ridin;;  CutoiT — What  is  the  object  of  a  riding 
cutoff  on  a   throttle-governed  engine? 

L.   W.  C. 

To  obtain  adjustment  of  the  point  of  cutoff  to  the  load  of 
the  engine  operating  with  higher  initial  cylinder  pressure 
and  thus  obtain  greater  economy  by  working  the  steam  ex- 
pansively through  the  largest  possible  proportion  of  the 
stroke. 


Pump  BeeomcN  stenm  Hound — How  can  a  feed  pump  with 
suction  from  an  upen  heater  be  prevented  from  becoming 
steam  bound  without  lowering  the  temperature  of  the  water 
in   the   heater? 

P.  S. 

Operate  the  pump  at  slower  speed  and  feed  more  continu- 
ously, but  if  that  is  not  practicable,  lower  the  pump  or  in- 
ci  ease  the  size  of  suction  pipes  and  connections  so  the  suc- 
tion water  will  be  delivei-ed  to  the  pump  cylinder  with  less 
reduction  of  pressure  from  friction. 


Heat  Given  l"p  by  Ca.st  Iron  in  Cooling — If  a  bar  of  cast 
iron  weighs  ZO  lb.,  how  many  heat  units  will  it  give  up  in 
cooling    from    S50   deg.    F.   to    60   dcg.    F.? 

M.    S.    M. 

The  specific  heat  of  cast  iron  is  about  0.129S,  i.e.,  for  each 
degree  of  rise  in  temperature,  a  pound  of  cast  iron  requires 
the  addition  of  0.129S  B.t.u.,  and  in  cooling  it  parts  with  the 
same  amount  of  heat  tor  each  degree  of  reduction  of  tem- 
perature; therefore,  30  lb.  of  cast  iron  in  cooling  from  SuO  to 
60  deg.   F.  would   part  with 

30    X    (850  —  60)    X    0.1298   =    3076.26   B.t.u. 

One  Side  of  Dnplex  Pump  Quioker  Than  the  Other — What 
would  cause  one  side  of  a  duplex  ste.am  pump  to  move  more 
quickly   than    the   other   side? 

A.  J.  O. 

One  side  may  run  faster  than  the  other,  because  its  water 
piston  is  doing  less  work  than  the  water  piston  of  the  slower 
side  and  needs  packing:  oi-  one  side  may  lun  slower  than  the 
other  because  the  steam  supply  passage  has  become  clogged, 
the  steam  valve  does  not  open  wide  enough,  the  steam  pis- 
ton leaks,  or  the  packing  of  tlu-  piston  or  of  the  piston  rod  is 
too  tight. 


To    Operate    One    Water    PlHton    of    Duplex    Pump — If    the 

water  piston  on  one  side  of  a  duplex  pump  were  to  become 
disabled,  how  could  the  pump  be  run  with  only  one  water 
cylinder? 

.1.  O.  C. 
If  the  disabled  piston  is  in  a  condition  from  which  it  Is 
likely  to  injure  its  cylinder,  it  should  be  removed  from  its 
tod.  For  continuing  the  operation  of  the  other  water  i)iston, 
place  a  blind  iiasknt  In  the  steam  supply  connection  of  the 
disabled  side  of  the  pumi)  with  a  small  hole  in  the  gasket 
for  admission  of  only  sufUclent  steam  for  overcoming  fric- 
tion of  the  disabled  side  and  for  operating  the  valve  gear 
of  the    Kood    side    of   the    pump. 


\o  Load  LoMi  of  Trnnxformer — What  energy  would  be  con- 
sumed by  a  350-kw..  440/2200-volt,  25-cycle  transformer,  with 
the  primary  connected  t<i  the  busbars,  but  the  secondary  dls- 
rnnnecKd  from  the  line? 


Th.. 


C.   F.   S. 


losses  In  a  transformer  consist  of  copper  (PR)  loss, 
and  core  losses.  With  the  line  switch  disconnected  and  the 
transformer  carrying  no  load,  the  copper  losses  would  be 
negligible,  but  there  would  still  be  the  core  losses  consisting 
of  hysteresis  and  eddy  currents,  both  of  which  are  practi- 
cally independent  of  the  load.  The  hysteresis  varies  as  the 
l.fi  power  of  the  voltage  and  directly  as  the  frequency.  The 
eddy  current  loss  varies  Inversely  as  the  ohmic  resistance 
nnd    directly   as    the   square   of    the   voltage.      The    exact    value 


of  these  losses  in  any  case  would  depend  upon  the  design  of 
the  transformer.  With  a  transformer  of  350  kv.a.  capacity, 
these  losses  would   probably  amount  to  about  1   kw.   per  hour! 

Load  Raised  by  Plunger  Blevntor — What  weight  can  be 
lifted  by  a  direct  plunger  elevator  operated  with  160-lb.  pres- 
sure per  square  inch,  the  diameter  of  plunger  being  8  in., 
and   the   weight  of  the   plunger  and  car  being  1700   lb.? 

T.  J.   M. 
The    total    lifting    force    exerted    by    the    pressure    of    the 
water    on    the    plunger    would    be    the    square    inches   of    cross- 
sectional  area  of  the  plunger  multiplied  by  the  water  pressuie 
per  square  inch   or 

(8    X    8    X    0.7854)    X    160    =    8042. 4  lb., 
allowing  5  per  cent,  loss  due  to  friction  of  the  plunger  pack- 
ing and  guides,  then  the  lifting  power  of  the  plunger  would  be 

8042.4    X    0.95    =    7640. 28    lb. 
If    the    plunger   and    car   weighing    1700    lb.    are    uncounterbal- 
anced,    then   the   net  weight   that    could   be   lifted   would    be 

7640.28  —  1700   =    5940.28  lb., 
and     If     counterbalanced     this     would     be     increased     by     the 
amount  of  counterbalancing  weight   employed. 


Meaning  of  Cyele  in  Knglneering — What  is  the  meaning  of 
a  cycle  as  used   in   engineering? 

L.    E.   .J. 

In  its  broadest  sense,  a  cycle  is  a  period  marked  by  the 
beginning  and  completion  of  a  reoccurring  round  of  events. 
Applied  to  thermodynamics,  it  is  a  series  of  operations  in 
which  heat  is  given  to  or  taken  away  from  a  working  sub- 
stance (such  as  steam,  gas,  etc.)  which,  by  expansion,  gives 
up  part  of  its  internal  energy  in  the  form  of  mechanical  work, 
and  by  compression  or  by  the  addition  of  heat  has  its  internal 
energy  restored  and  is  brought  back  to  its  original  Stat-. 
Electrically,  it  means  a  complete  positive  and  negative  wave 
of  electric  current.  In  alternating  current,  a  cycle  embraces 
the  complete  period  from  zero  voltage  to  maximum  in  one 
direction,  returning  through  zero  to  a  maximum  in  the  othe]' 
direction  and  back  a.gain  to  zero.  In  gas-engine  terms,  a  cycle 
is  one  complete  series  of  events.  For  instance,  a  "four-stroke 
cycle"  means  that  it  takes  four  strokes  to  complete  the  oper- 
ation. The  mixture  starting  with  the  intake  on  the  first 
stroke,  is  compressed  on  the  second  (return)  stroke;  its  igni- 
tion and  expansion  take  place  on  the  third  stroke,  and  the 
gases  are  expelled  on  the  fourth  or  exhaust  stroke,  whereas 
in  the  "two-stiokc  cycle"  engine  thesi'  events  are  acconi- 
lilished   in   two  stroki-s. 


lloFNepon-er    *if    a    W'aferwheel — \Vhat 
imputing   the   number  of  horsepower  of 


Q    —    Xumber    of    culiic    feet    of 


lie 


formula    I'e 


discharged     i" 
-    62.36   lb.    I! 


D   —    Weight   of  a   cubic   foot   of   vvai 
60  deg.   F.), 
and 

H    =    Total    head    in    feet, 
then  the  gross  power  or  horsepower  of  the  water  Is 
Q    X    H    X    62.36 

■ 0.001S9   QH 

33,000 
Hut  a  waterwheel  or  motor  cannot  utilize  the  whole  of  tln' 
head  as  there  are  losses  of  head  at  the  entrance  and  i  xlt  and 
also  losses  of  energy  due  to  friction  of  moving  parts  of  the 
wheel.  The  fractional  part  of  the  power  of  the  water  which 
the  wateiwhcel  is  capable  of  delivering  as  useful  power  is 
called  the  peicentase  of  erticiency  of  tin-  wnctl.  Calling  K 
the  percentage  of  eUlclency  then  for  (J  cubic  feet  of  water  per 
minute  and   H   total   head    in   feet. 

Hp.  of  the  wheel  =  O.OOlSil  QH  X  K. 
The  value  of  E  varies  with  Q,  H  and  the  r.p.m.,  and  with 
most  types  of  turbines  It  also  varies  with  the  amount  ■! 
gate  opening.  A  fair  average  for  a  good  turbine  whei-1  may 
be  taken  at  75  per  cent,  efndency,  but  the  efHclency  assumed 
for  any  case  must  be  that  which  has  been  determined  for  a 
given   set   of  conditions. 

I  Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and  for  the  Inquiries  to  receive  tittention. — EDITOR.] 
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Last   Lessox'is  Answkhs 
i;)(i.     Ill  Fiu'.  85  let  the  distance  between  the  centei> 


the  pulleys  M  and  X  be  10  ft.  or  120  in.  Draw  thu 
line  of  the  belt.  Its  arc  of  contact  on  the  small  pnlley 
will  be  the  anirle  BAE  which  is  equal  to  ISO  (leg.  minus 
twice  the  ansjle  DAB.  From  the  center  of  the  small  pul- 
ley .V  draw  the  line  AR  parallel  to  the  line  CB.  Then 
since  the  line  AR  \^  at  rij^ht  angles  to  the  line  AB  and 
the  line  AO  makes  90  deg.  with  the  line  AD  it  is  evident 
that  angle  DAB  =  angle  a  =  angle  RAO.  The  line  Oh' 
is  equal  to  the  radius  of  the  large  pulley  minus  the  radius 
of  the  small  pullev  or  line  0/?  =  ( 15  —  !) )  =  <1  in.    The 

OR 

sine  of  the  angle   h'AO   is  equal  to  ^^-;j    =    ,tTf    =   ".U.) 

and  from  a  table  of  sines  the  value  of  ii  is   IVniiid  to  lie 
(2  deg.  50  mill.).    Therefore,  the  arc  of  contact  is 
(180  —  2X2  fli'g.  50  min.)  =  K4  i/cr/.  20  miii. 

i:5T.     From   equaticni    (83)    log^,,  ( yiM  =    ^-"'^    X   / 

X  N-  where  /  =  the  coefficient  of  friction  =  0.3,  and  .V 
=  the  ratio  of  the  arc  of  contact  in  degrees  to  :U!0  deg.  or 
^.  ^  m  deg.  20  mi...  ^  Q^g^      j^^^^^.^. 


300 


log,j;^]  =  2.73  X0.3  X  0.484 
and  fro.u  a  table  of  logarithms  the  value 


0.30H 


fovind 


to  be  2.49  or  T^  =  2.49  T,. 

138.     Since  the  belt  is   12   in.   wide  and   good   for  M) 

lb.  per  in.  of  width  the  ma.xiinum  tension  1\  that  may  be 

put  on  the  belt  =   (12  X  <iO)  or  V20  lb.     The  effective 

drivina-  effort  P  =  (T,  —  T„)  and  from  the  above  prob- 

le.n  r,  =  2.49  7'.,.  or  T.,  =  0.4  T, ;  hence 

P  =  (T,  —  0.4  rj  =  0.(5  T,  =  (0.6  X  720)  =  432  //;. 

The  linear  velocity  of  the  belt  =  r.p.m.  X  the  circu 

ence  of  the  smaller  pulley  or 

V  =  300  X  3.1416  X  1.5  =  1 113  ff.  per  win. 

a.id  f.-o.u  equation  (55) 

PXV      432  X  141;; 
ftp.  = 


ifer- 


=  18. 


33,000  33,000 

i:!9.     The  rule  states  that  a  belt  travelin 
]ier  min.  will  transmit  one  horsepower  per  ■■ 


at  900  f 

h  width  I 

lielt  will  evidcntlv  traii 


mit 


at  2700  ft.  th( 
iip.   per  inch  of  width   and   as  tli^ 

horse]K)wer  traiis- 


total 


belt.  If  travelin; 
2700 
900 
width  of  the  belt   is   15  in.  the  total 
mitted  will  equal  15  X  3  or  45  hp. 

1  10.  The  horsepower  transmitted  by  a  double  belt 
=  1.4  times  that  of  a  single  belt,  hence  in  this  case  a 
double  belt  would  transmit  1.4  X  -iS  or  0:!  hp. 

RlCVIEW 

Mechanics  is  that  branch  of  science  which  has  to  do 
with  forces  and  their  action  on  bodies  tending  to  iiroduce 
a   state   of   motion,   diaiiae   of   motion,   or   conditi<iii    of 


rest  of  these  bodies.  This  study  of  forces  is  divided  into 
two  general  classes  of  statics  and  kinetics,  the  former 
dcaliim'  (uily  with  forces  wliicli  keep  a  body  in  a  state  of 
rest  and  tlie  latter  ilcaliiig  with  forces  which  produce 
motion.  The  first  nine  lessons  of  this  course  covered  the 
genei-al  idea  of  statics  and  Les.son  X  gave  a  resu.ne  of 
the  conditimis  which  produce  a  state  of  equilibriu...  of  all 
the  forces  acting  so  as  to  insiiiv  a  state  of  rest  of  the 
bodies. 

In  Lessons  .\11.  .\  1 1 1  and  XH'.  these  laws  of  equilib- 
rium were  applied  tn  tlic  xarioiis  lonus  id'  machines 
such  as  levers  and  ]inllcy-  including  the  Weston  differen- 
tial pnllcv.  Tills  idea  nf  a  machine  naturally  led  to 
Lesson  .XiV  where  a  few  gcnci'al  notifuis  of  friction  were 
given.  It  wa^  shdwn  that  the  force  of  friction  actin,!; 
i)etwcen  twd  hodies  was  directly  ]ii'oportional  to  the  coef- 
ficient id'  frictiiin  times  the  nm-mal  ])ressure  between  the 
objects.  To  lind  the  ntirmal  ]ircssurc  it  is  necessary  to 
resolve  all  the  forces  actin.i;  on  the  hody  into  their  com- 


])oneiits  at  right  angles  to  the  bodies.  The  algebraii 
Slim  of  all  these  components  will  give  the  total  pressun 
tending  to  produce  friction.  The  algebraic  sum  of  tin 
components  parallel  to  the  bodies  will  produce  or  teni 
to  pi'oduce  n.otion  of  the  bodies  one  on  the  other. 

With  the  force  of  frictio.i  overcome,  the  next  logi^P 
step  is  to  study  the  laws  which  produce  motion  of  bodfe 
and  to  determine  u.ider  what  co..ditions  a  system  0 
forces  will  be  in  equilibri.n.i  even  thoiujh  the  ohjem 
are  in  motion  at  a  iniifonii.  rate  of  apeed.  In  Lesson  ^| 
the  general  co.iception  id'  ...otion  was  dwelt  upon  a$i 
as  in  statics  so  in  kinetics  it  was  found  that  veloci 
might  be  represented  by  straight  lines;  that  they  mi 
be  reduced  into  cninpoiu'nts  in  any  desired  direction,  aSl 
moreover  that  a  system  of  velocities  could  be  repla(* 
by  a  single  velocity  which  would  produce  exactly  the  .saffi 
motion  as  the  conibh.ed  action  of  all  the  other  veloc 
ties. 

The  relations  between  the  acceleration,  \elocity,  tin 
and  space  traversed  liy  bodies  were  worked  out  in  consi( 
erable  iletail  and  for  handy  reference  the.se  formulas*  rat 
be  summarized  as  follows,  first,  however,  dividing  luo 
iiig  bodies  into  six  general  classes,  thus: 

r7a.s.9  I — Bodice  luiriiiij  uniform   motion. 

Class  II — Baltics  siarliiiij  from  rf'.<:t  and  morin;/  an 
imiformlij  acceleratrd  molioii. 

rVrtx.s  ill — Bodieii  moriuf)  irilli  an  iailial  relocUi)  ff. 
Ilif'n  acted  tipon  hy  an  accelcratiini  or  rctardinc/  forcet 

equations  are  the  same  as  us 
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Chss  IV — BoJic.'!  falling  frecli/  under  the  action  of 
gravity. 

Class  T — Projectiles,  sulxlirided  info, 

(a)  Bodies  projected  horizontnlhj  from  a  point  at 
some  elevation  above  a  given  reference  plane. 

(h)     Bodies  projected  at  an  angle  to  the  horizontal. 

Class  VI — Rotating  hodies. 

All  problems  coming  uiuler  Class  I  may  be  solved  by 
tlie  relation  that, 

S  =  V  X  T  vr,) 

■will' re 

r  =  The  uniform  linear  velocity  in  i'eet  per  second; 
>■  =  The  space  traversed  in  feet  and  : 
T  =  The  total  time  ot'  niotiuii  in  seconds. 
Problems  coming  nndcr  Class  J I  aiv  sohed  by  the  fol- 
lowing laws : 

y  =  a  X  T  (30) 

s  =  i/2axr-  (31) 

T'^  =  3  ft  X  <S'  ( 32 ) 

■nhere 

r  =  The  llnal  velocity  in  feet  per  second  : 
,s'  =  The  space  traversed  in  feet ; 
T  =  The  total  time  iu  seconds,  and  ; 
,/    =  The  acceleration  in  feet  per  second  per  second. 
The  formulas  for  problems  coming  under   Class   III 
are: 

S  =  r  X   T  ±  V-ya  X  T-  (34)   and    (38) 

1\  =  U  ±aXT  (35)    and    (39) 

V\  =  n  ±  2a  X  'S'  (:5^)   ^nd   (40) 

ulicre 

/'  =  The  initial  velocity  in  feet  per  second; 
\\  =  The  final  velocity  in  feet  per  second; 
.s'    =  The  spaie  traversed  in  feet  and; 
a     =  The   acceleration   or   deceleration    in    feet    ]ier 
second  ])er  .second. 
The  relation  between  the  various  items  for  falling  Ijml- 
ies  under  Class  lY  are: 

1'  =  .'/  X  'J\ 
II  =  u,,/  y  T\ 
V-  =  t  g  X  H 
wliere 

//  =  The  height  of  fall  in  feet; 

V  =  The  velocity  at  the  end  of  a  fall  of  7",  .^c.on.U 
duration,  and  ; 

(/   =  32.1  (?   =   the  acceleration   in   feet   i>cr  sec I 

per  second  /hie  to  gravity. 
Till-  laws  for  ))ro,jectiles  under  Class  V,  Ca>e  a,  are  ex- 
liri'ssed  by  the  relations: 

R=V  X  'J\ 

n  =  v."' 


(41) 
(13) 
(13) 


77  =  The   maximum   altitude   reached   by  the   pro- 
jectile or  is  equal   to   the  elevation   of   the 
point  of  projection  in  feet ; 
It   =  The  range  in  feet ; 
T'  =  The  initial  velocity  of  projection  in  feet  jier 

second ; 
a    =  The  angle  of  projection  in  degrees  and ; 
g    =  32.16  =  the  acceleration  in  feet  per  second  i)er 
second  due  to  gravity. 
The  mo.st  common  law  for  rotating  bodies  as  described 
under  Class  VI  may  be  stated  as  an  equation  which  gives 
the  centrifugal  force  of  a  weight  of  11'  pounds,  rotating 
at  y  revolutions  per  minute  at  a  distance  of  7'  feet  from 
a  fixed  point  of  rotation,  thus, 

c  =  0.000311  ir  X  i>  X  -V-  (SO) 

With  the  idea  of  motion  clearly  fixed  iu  mind,  it  is  an 
easv  step  to  the  conception  of  the  term  work  which  has 
been  defined  as  the  overcoming  of  a  resistance  through 
a  given  distance.  The  formulas  for  the  work  done  by 
various  types  of  machines  such  as  engines,  pumps,  mo- 
tors, etc.,  are  almost  innumerable.  If  the  student  will 
\erv  carefully  analyze  his  problem  he  will  find  that  in 
all  probability  all  his  examples  relating  to  work  may  be 
salved  by  the  general  equation  that, 

force  in  pounds  X  distance  m  feet 
isej  —  -^.^^^^^  .^^  minutes  X  eficiency  X  33,000 

Indicated  horsepower,  brake  hor.-;cpower,  output  and 
input  of  pumps,  generators,  etc.,  may  all  be  found  by  a])- 
lilying  the  above  equation  with  the  .use  of  the  proper  co- 
tfficient  of  common  sense,  which  is,  after  all,  the  mo.st  es- 
sential factor  in  the  solution  of  any  and  all  problems  no 
matter  how  simple  or  how  difficult 
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This  check  valve  is  dr-i-ncd  to  be  placed  on  either 
a  suction  or  discharge  line,  and  on  the  pipe  line  be- 
tween the  discharge  end  of  an  air  cominessor  and  the  re- 
ceiver tank.  It  is 
guaranteed  to  be 
noiseless  and  airtight 
ami  easily  regroiind. 
The  daslipot  disk  has 
wings  on  the  up]H'r 
cml  which  act  as  a 
gniilc  so  that  the 
ili-k  will  seat  ceii- 
Irnllv  ill  the  valve 
b,Ml\'.  The  lower  end 
of  the  disk  in  the 
dasli|)ot  of  the  body 
f  o  r  ni  s  a  cushion, 
thereby  preventing 
the  disk  from  pouiid- 


Si;(  Tii)\  Tinioiiiii   Dasiii'ot 
CiiK(  k-Vai.vi-: 


where 

T.  ^  Tlio  total  time  of  \\\-M  in  seconds; 


ing   heavily   on    the   valve   scat. 

There  are  only  three  jiarts  and   they  are  interchange- 
able.    The  valve  is  made  in  sizes   fnnn   Vg  to  3  in.   by 
the  William  Powell  Co.,  Cincinnati,  Ohio. 
!S 

KRKATA On   paKC    173,  Sept.   29   issue,  the  st.itcnient   that 

the  average  welKlit  of  heaped  conl  Is  30  lb.  per  cubic  root 
Is  an  error  as  it  should  read  coke  instead.  On  page  468  of 
the  same  date  the  weinht  of  a  cubic  foot  ot  heaped  coal  is 
correctly    stated   at    M  ^i    lb. 
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.1  f  S  T  J  E  S  T  S.  J  A  B  S,  J  O  S  H  E  S  A  N  D  JUMBLES 


Oh,    Rust  em    Bey,    you've    gone    away; 

Lets    hope    your    guff    will    cease. 
While  Turkey's  never  known  us,  Bey, 

We've  been  all  over  grease. 

— Engine -Room 


Here  in  New  York  they  say  we're  suffering  from  depart- 
mental inertia.  Reckon  they're  right  if  "inertia  is  the  in- 
ability of  a  body  to  change  its  condition  of  rest  or  motion 
unless  some    force   acts   upon   it."      Nobody   home? 

Man  died  recently  who  was  known  as  "Happy  Days"  Pitt- 
man.  The  title  sounds  good.  Lines  are  so  tightening  around 
us  these  days  that  the  "smile"  wrinkles  are  giving  way  to 
frowns,  the  grouch  is  infecting  us,  and  the  kicker  makes 
more  noise  than  the  funny  sheet.  "Happy  Days"  and  "Smil- 
ing Johns"  are  too  infrequent.  Be  one.  and  get  popular. 
As  the  coon  said  about  the  battle,  "You-all  has  a  right  smart 
day   for   iti" 

Another  rotary  engine  has  teen  discovered  by  a  daily 
paper  out  in  Pun-Punk —  Let  it  go  at  that!  Of  course,  it's 
going  to  mark  an  ee-poch  in  the  history  of  steam  power. 
"This  S-hp.  engine  might  be  placed  in  an  ordinary  cheese-box," 
says  this  paper.     Perhaps  it  will   be. 

If  the  operating  engineering  business  gets  dull,  you  might 
start  something — say  a  skunk  farm.  Man  In  Greenfield.  Calif., 
did  this  on  a  small  scale,  and  now  he  is  on  the  way  to  wealth. 
He  says  they  just  love  human  companionship  and  become 
great  pets.  But  don't  get  'era  real  angry;  they  stop  loving 
you  then! 

■#; 

Our  much  esteemed  contemporary  "Buildings  and  Business 
Management"  is  a  paper  after  our  own  heart.  The  October 
front  cover  has  John  Bunny  and  his  yard-wide  smile  just 
reaching  right  out  to  the  reader.  I'nderneath.  is  the  caption 
"Smile!  Business  Is  Good.  Help  Make  It  Better!"  Here's 
Optimism  for  you,  and  more — it's  sound  common  sense!  Root 
for  good  times  and  we'll  have  them,   feller.      Buck  up! 

The  Franklin  Institute  Year  Book  for  1914  has  reached  us. 
Put  the  big  place  the  Institute  occupies  needs  no  meed  of 
praise  from  us.  Of  this  truly  great  institution  may  be 
repeated,  without  irreverence,  Washington's  encomium  of 
Benjamin  Franklin — it  is  "venerated  for  benevolence,  admired 
for  talents,  esteemed  for  patriotism,  beloved  for  philanthropy. " 

:*; 

"The  Right  Time  to  Eat"  earns  an  editorial  for  itself 
in  the  "Scientific  American,"  and  it  extends  from  glycogenic 
functions  right  up  to  8  o'clock  p.iti.  We  hold  with  Woods 
Hutchinson  that  the  right  time  is  when  we're  hungry,  and 
then  eat  just  one  square  meal;  no  more. 

"Buisting  Boiler  Spreads  Panic  Among  Widows,"  says  a 
daily  paper.  Hey,  editor,  why  start  picking  on  the  widows? 
If  your  -wife  "were  a  widow  >'OU  wouldn't  be  busting  Iioilers 
in  this  loose  fashion.  You'd  be  shov — .  Well,  you're  the 
best   judge    of   what   you'd   be    doing. 

Through  the  generosity  of  Frank  Thomson,  there  is  a 
fund  whereby  sons  of  living  and  deceased  employees  of  the 
Pennsylvania  R.R.  are  being  educated  in  technical  schools. 
J'ower-plant  owners  and  managers,  please  take  noiice. 

W^hat  Sherman  said  war  was  still  goes.  But  our  cartoon 
foreword  in  this  issue  brings  it  into  mo"e  intimate  relation 
by  labeling  it  "The  paralysis  of  industry."  Perhaps  no  man 
more  nearly  works  by  the  sweat  of  his  brow  than  the  fellow 
in  the  boiler  i-oom.  And  to  take  away  his  means  of  livelihood 
creatas  a  veritable  Gehenna  for  him  and  his.  Let  us  be 
liiar.iiful  for  peace  and  our  jobs. 

We  have  about  a  million  boilers  in  this  country  of  less 
than  a  hundred  million  people.  Looks  like  we  need  those 
standard  specifications  right  quick.  Don't  want  to  talk 
politics,  but  the  governor,  the  mayor  and  the  legislature 
feller  who  refuses  to  do  his  little  bit  to  help  lessen  the 
explosion    hazard    from    now    on,    won't    get   our   vote. 


By  Albeut  .M.  I'oiuxsox 

When  thrt'e-phase  motors  are  automatically  controllefl. 
a  fuse  .sometimes  blow.-;,  and  when  the  control  switch  is 
closeil.  the  motor  will  not  start  single  phase,  but  "will 
ilraw  an  exoe.ssive  current,  which  if  allowed  to  continue 
will  hum  the  windings.  If  the  motor  is  operating  when 
the  fuse  burns  out,  it  will  continue  to  operate  single 
phase  and  do  no  harm,  but  as  soon  as  it  stops,  the  cur- 
rent should  be  shut  off. 

Referring  to  the  diagram,  B  and  C  represent  the  self- 
starter  switches  and  A  a  relay.  These  are  operated  by 
solenoids;  that  is,  solenoids  when  energized  bring  the 
two  surfaces  of  the  switches  together  by  a  clapper  ac- 
tion ;  they  are  then  held  magnetically  or  mechanically  by 
dashpots.  The  relay  is  constructed  along  the  same  lines 
except  on  a  smaller  scale,  as  it  is  designed  to  carry  a 
small  current  for  a  .short  time  only. 

It  is  customary  to  have  one  line  connected  '•)lid  to 
the  motor  as  ;>.     Lines  1  and  2  are  left  open  u>  oe  closed 

(1) 


DiAGliAM    OF   r>EL-\Y    AXD   .SeLK-StaiIII Xci    SWITCH 
CllitTITS 

by  the  self-starter  switches  B  and  ('.  Lines  3  and  2  are 
connected  momentarily  through  the  solenoid  of  the  re- 
lay A,  and  wlien  this  relay  is  closed,  then  3  and  1  are 
connected  momentarily  through  the  solenoid  of  switches 
B  and  C. 

The  sequence  of  operation  is  as  follows :  When  the 
control  switch  D,  which  may  be  a  snap  switch  for  remote 
control,  float  switch  or  pressure  regulator,  is  clo.sed,  cur- 
rent passes  tlirough  the  solenoid  of  the  relay  A.  and  when 
the  solenoid  is  sufficiently  energfzvd  the  relay  is  clo.sed, 
causing  sufficient  current  to  flow  through  the  solenoid  of 
the  self-starter  switches  B  and  ('  to  close  them.  When 
B  and  C  are  thus  closed,  all  three  lines  are  connected  to 
the  motor  and  it  will  operate. 

If  line  1  is  severed  by  a  burnt  fuse  or  otherwi.se,  when 
the  control  switch  D  is  closed  the  relay  will  be  clo.seil. 
but  as  no  current  can  be  passed  from  3  to  1  on  account 
of  1  being  severed,  the  self-starter  switches  cannot  be 
closed  nor  the  motor  operated.  Should  line  2  be  severed, 
the  relay  A  will  not  lie  cldscd.  lieiice  there  will  be  no 
oi)eratiou.  Likewi.se,  should  line  :!  be  severed,  no  cui'- 
rent  will  reach  the  relay,  and  the  motor  will  not  start. 

Another  method  sometimes  used  consists  of  using  over- 
load relays,  but  on  account  of  its  greater  cost,  the  above- 
mentioned  method  recommends  itself. 
m. 

A  Surplus  of  $.S0,O00,  after  deducting  all  expenses,   includ- 
ing a  large  depreciation  reserve,  is  the  record  shown  by   the 
annual  report  for  the  municipal  electric-light  plant  of  W'inni- 
peg,   Can.     A  significant  fact  is  that  less   than   15  per  cent,   of  ^ 
the  gross  revenue  is  derived  from  municipal  works. 
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SYNOPSIS — Discussion  of  the  cavj<es  leading  to  altered 
valve  timing  and  simple  directions  for  the  proper  reset- 
ting of  the  valve-gear. 

Trouble  is  ofteu  caused  in  reassembling  the  valve-gear 
after  the  engine  has  been  taken  down  for  repairs.  The 
novice  wiio  tries  to  overhaul  an  engine  invariably  has  his 
troubles  when  it  comes  to  the  resetting  of  the  valves. 
Many  mechanics  in  the  repair  shops  get  the  valves  set 
"somewhere  near  correct"  and  let  it  go  at  that,  the  result 
beuif  loss  of  power,  misfiring,  overheating,  inefficient 
operation,  etc. 

The  valve-operating  mechanism,  ordinarily  called  valve- 
gear,  depends  upon  the  shape  of  the  cylinder  and  valve 
arrangei?  '^and,  therefore,  varies  in  detail  with  differ- 
ent engines.  However,  regardless  of  the  valve-gear  ar- 
rangement and  the  number  of  cylinders,  the  camshaft 
of  a  fonr-stroke-cycle  engine  must  always  operate  at  one- 
half  the  crankshaft  speed  since  it  requires  two  revolutions 
of  the  cranksliaft  to  perform  a  cycle.  For  this  reason  the 
cam-gear  ratio  is  one  to  two.  the  larger  gear  being  on  tlie 
camshaft. 

Valve-gear  troubles  causing  a  change  in  the  valve  tim- 
ing and  valve  lift  are  due  mostly  to  wear  of  the  various 
parts,  unless  improperly  assembled ;  a  few  of  tlie  common 
defects  are  as  follows: 

Worn  cams,  push  rods,  and  rollers  will  reduce  the  lift 
<jf  tlie  valves  besides  changing  the  timing.  If  the  cam  is 
worn  badly  it  should  be  replaced  unless  part  of  the  shaft 
itself,  when,  of  course,  the  entire  shaft  must  be  replaced. 
Worn  push  rods  not  only  change  the  valve  timing,  but 
cause  the  engine  to  run  noisily.  In  order  to  prevent  this 
noi.se  the  distance  between  the  push  rods  and  the  valve 
stems  should  be  about  T}V  in.  and  somewluit  more  for  large 
engines.  Tliis  clearance  sliould  not  be  too  small,  as 
otherwise  the  valves  will  not  be  allowed  to  seat  when  the 
engine  becomes  hot,  due  to  expansion  of  the  parts.  For 
this  reason  it  is  well  to  adjust  this  clearance  wh  'ii  the 
ongine  is  hot. 

Worn  cam  gears  also  cause  enough  lost  motion  to 
slightly  change  the  valve  timing;  this,  however,  will 
liardly  be  as  objectionable  as  the  noise  caused  by  these 
worn  gears.  An  ine.xperienced  operator  often  imagines 
his  engine  ready  to  go  to  ])ieces  because  of  the  noise  caused 
by  the  lost  motion  in  the  cam  gears,  (iears  im])roi)erly 
meshed  are  due  to  an  error  in  assembling  and  more  often 
ignorance  of  the  man  doing  (he  work.  Kven  one  who 
does  not  know  how  to  set  the  valves  should  not  get  into 
this  trouble,  as  it  is  necessary  only  to  mark  the  teeth  on 
the  gear  so  as  to  avoid  mistakes  in  reassembling.  Worn 
("itnshaft  bearings  change  both  th<'  liniin-r  ami  the  lift  of 
the  valves.  If  the  bearings  are  really  ba.lly  worn  the  lift 
will  be  so  much  rerluced  as  to  considerably  affect  the  free 
passage  of  the  gases. 

Loose  cams  will  cause  a  change  in  the  valve  timing  and 
produce  grinding  and  thumping.  If  the  cams  are  keyed 
the  keyways  or  keys  themselves  may  be  worn  ;  or  if  pinned 
the  holes  may  be  worn,  in  which  case  tliey  sliould  be 
reamed  out  bcl'ore  jjiitting  in  flic  new  pins.     Often  i)inned 


cams  will  shear  the  pins  and  slip  a  little  and  then  become 
jammed. 

Some  engines  have  two  canisliafts,  one  for  the  inlet 
\  a  Ives  and  one  for  the  exhaust  valves.  Trouble  with 
either  will,  of  course,  affect  the  running  of  the  engine;  it 
will  change  the  setting  of  either  the  inlet  valves  or  the 
exhaust  valves,  not  both.  If  worn  cams,  have  lessened 
decidedly  the  total  duration  of  valve  opening  a  segment 
can  often  be  dovetailed  into  the  cam  so  as  to  hold  the 
valve  open  longer.  If  this  is  done  it  should  be  on  the 
closing  face  as  wear  is  less  on  that  surface. 

The  exact  time  at  which  the  valves  of  a  four-stroke- 
cycle  gas  engine  should  open  and  close  depends  upon  a 
number, of  conditions ;  however,  the  speed  is  the  principal 
factor  that  determines  the  setting.  Just  where  to  draw 
the    line    between    high-    and    low-si^eed    engines    is    not 


irM^rrs/ff 
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easy,  but  ordinarily,  so  far  as  velve  setting  is  concerned, 
nn  engine  is  high  speeil  when  running  at  (id)  or  Ti"' 
r.p.m.  and  over. 

\'alve  timing  is  ex])ressed  in  degrees  of  crank  angle. 
that  is  the  angle  formed  by  the  crank  with  the  center  line 
of  the  cylinder  at  the  time  the  valve  starts  to  open  or  is 
closed  completely.  Automatic  valves,  of  course,  can  have 
no  predetermineil  time  of  o])ening  or  closing  as  they  are 
not  mechanically  controlled.  Engines  with  oifset  cylin- 
ders are  timed  the  same'  as  those  having  the  center  line 
of  the  cylinder  in  direct  line  with  the  crankshaft,  the  only 
difference  being  in  locating  the  exact  dead  center.  The 
valve  setting  for  slow-speed  engines  shoidd  be  as  follows: 

The  intake  valve  should  open  about  ID  degrees  |)ast 
dead  center  at  the  beginning  of  the  suction  stroke,  and 
shoubl  clo.-;e  at  from  10  to  1-")  degrees  past  dead  center  at 
the  beginning  of  the  coni]iression  stroke.  The  exhaust 
vahe  should  ojien  about  W  degrees  before  dead  center  at 
the  end  of  the  power  stroke  and  close  about  .">  degreo 
|i;i,-t  inner  dead  ceijter  at  the  beginning  of  the  suction 
stroke. 

The  valve  timing  for  high-speed  engines  should  l)e  as 
follows:  The  higher  the  .sjjeed  of  the  engine  the  less  the 
time  re(|uired  to  fill  the  cylinder  with  fresh  jras  and  to 
exhaust  the  burnt  gases:  therefore,  the  greater  the  angle 
of  advance  necessary  with  the  valves.  The  inlet  valve 
shoidd  o])en  about  15  degrees  past  dead  center  at  the  be- 
ginnii)g  of  the  auction  stroke,  and  clo.se  about  'M\  to  3"> 
degrees  ]mst  outer  dead  center  at  the  i)egiiining  of  tlie 
compression    stroke.      This    setting    allows    considerabh 
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more  time  for  tbe  eugiiie  to  li-et  a  i  vliiKkT  full  of  gas  at 
the  higher  speed,  allowing  the  valve  to  remain  open 
through  a  greater  angle.  The  exhaust  valve  shonid  open 
about  40  degrees  before  outer  dead  renter  at  the  end  of 
the  power  stroke  and  <lose  about  10  degrees  past  dead 
I  enter  after  eompleting  the  exhaust  stroke. 

This  setting  also  gives  the  engine  at  this  higher  >[>eed 
;•■  l)etter  o])portunity  to  get  rid  of  the  e.xhaust  ga.ses.  Even 
though  the  valve  setting  is  not  as  aecurate  as  it  should 
be.  the  exhaust  valve  should  never  close  l)efore  dead  center 
at  the  end  of  the  exhaust  stroke.  Xor  should  tlie  intake 
valve  ever  open  before  the  exhaust  valve  has  closed.  The 
intake  should  open  aliout  5  degrees  after  the  exhaust,  has 
closed. 

To  the  average  operator  it  seems  strange  that  the  ex- 
haust valve  is  made  to  open  before  the  power  stroke  has 
been  completed,  and  that  the  intake  valve  is  allowed  to 
remain  o]ien  even  after  the  compression  stroke  has  sii'ited. 
Although  it  may  .-ieem  that  the  engine  is  robbed  of  part 
of  its  power  stroke  as  well  a.s  of  part  of  its  compression 
stroke,  as  a  matter  of  fact,  the  operation  of  the  engine, 
both  from  a  standpoint  v(  power  and  economy  is  bettered. 
During  the  suction  stroke  the  gases  enter  the  cyii'ider  at 
a  velocity  of  4000  to  i>lM>0  ft.  per  minute.  Traveling  at 
this  velocity  the  gases  have  enough  momentum  to  keep 
them  going  into  the  cylindi'r  for  a  short  time  even  after 
ihe  piston  has  already  started  on  the  comi^ressio'i  stroko 
This  insures  getting  a  cylinder  full  of  fresh  gas. 


If  the  mixture  is  correct  the  combustion  of  ttic  gases 
sli<iul(l  have  been  com]ileted  long  before  the  end  of  the  ' 
jxiwer  stroke  is  reached,  and  during  the  last  30  to  tO 
degrees  d-aiik  tra\i'l  on  the  power  stroke  comparatively 
little  expansive  ]ui\vcr  is  lelt  in  the  expanding  gases.  For 
this  reason  the  e.xhaust  valve  is  opened  before  Ihe  stroke 
i.s  completed  as  the  extra  time  thus  allowed  for  exhausting 
the  burnt  gases  is  of  nuire  importance  than  the  little 
power  that  might  be  left  in  the  gases. 

A  simi>lc  jiroblem  will  serve  to  illustrate  the  mc^cbod 
of  finding  the  valve  setting  of  an  engine.  Assume  the 
engine  to  ha\e  a  70-in.  flywheel,  then  the  cirerimferene.' 
equals  7o\:;.]|l(;,  or  2\U.'.)  in.  To  determii-.e  toe  time 
ar  which  the  intake  valve  opens  place  the  engine  on  imier 
deail  center  at  the  beginning  of  the  suction  stroke.  TTav- 
ing  nuu'kcd  the  dead  center  on  the  flywheel,  turn  the  en- 
gine in  the  ])roper  direction  nntil  the  valve  ju-;t  starts  to 
open,  mark  this  position  on  the  flywheel  and  measure  the 
distance  to  dead-center  mark  on  the  flywheel.  We  will 
a.'^sume  this  distance  to  be  5.75  in.  This  in  terms  of  the 
crank  angle  equals  5.75  -^  21!>.i)  X  36(),  or  very  -iie;irly 
0.4  degrees.  Or  by  dividing  360  by  219.9  gives  the  de- 
grees per  inch  or  aj)proximately  1.63  degrees.  Xow  all 
that  is  necessary  to  get  the  crank  angle  for  the  valve 
setting  is  to  multiply  the  distance  on  ths  rtvwhoel  betwcei! 
dead  center  and  time  of  opening  or  closing  of  the 
valve  hy  l.lio,  which  would  be  5.75  X  ^•^'•^  =  ^--^^  'It;- 
irrees. 
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Blackening  of  Ihe  eoiiiinutator,  high  nuta,  ami  rapid  wt-ar 
of  the  copper  and  brushes  may  be  crertited  to  actual  burning 
or  something  similar  to  electrolytic  action,  occurring  under 
the  brushes.  It  is  usually  not  the  bright  sparks  at  the  brush 
tips  which  cause  trouble,  but  the  unnoted  sparking  under 
the  brush  face.  There  is  a  tendency  for  minute  particles 
of  the  conducting  material  to  be  burned  or  carried  away  from 
the  contact  surfaces,  depending  on  the  direction  of  the  cur- 
rent. These  particles  appear  to  travel  in  the  direction  the 
current  is  flowing,  but  do  not  always  deposit  on  the  opposite 
contact  surface.  If  the  current  is  from  the  brush  to  the 
commutator,  the  brush  surface  tends  to  be  eaten  away.  With 
ordinary  current  densities  and  low  loss  in  the  brush  contact, 
this  action  seems  minute,  but  appears  to  increase  rapidly 
with  increased  loss  at  the  brush  contact.  Therefore,  high 
current  density  in  the  brush  contact  may  produce  this  action. 
This  does  not  mean  high  density  due  to  the  working  current 
alone,  but  the  high  actual  density,  due  to  both  working  and 
local  currents.  In  noncommutating-pole  machines  and  in 
commutating-pole  machines  with  bad  adjustment,  the  local 
current  under  the  brush  may  exceed  the  working  current. 
As  this  adds  to  the  working  current  at  one  edge  of  the  brush 
and  subtracts  from  it  at  the  other  edge  the  result  will 
be  a  greatly  increased  density  under  one  part  of  the 
brush,  w^hich  may  mean  burning  away  one  edge  of  the  brush 
surface.  This  usually  is  most  noticeable  where  the  current 
passes  from  the  brush  to  the  commutator,  but  at  the  holders 
of  the  other  polarity,  a  similar  action  is  tending  to  burn 
away    the    commutator    copper. 

-  HIGH  MICA 
However,  the  commutator  mica  does  not  tend  to  burn 
away,  and  if  the  mica  does  not  wear  down  mechanically 
at  the  same  rate  that  the  copper  burns  away,  eventually  the 
mica  stands  an  infinitesimal  amount  above  the  copper.  There- 
fore, the  brushes  will  make  poorer  contact  with  the  copper. 
This  increases  the  loss  at  the  brush  contact  and  increases 
the  burning  action,  resulting  in  still  poorer  contact,  so  that 
the  trouble  becomes  cumulative.  If,  however,  these  periods 
of  burning  are  intermittent,  due  to  variable  load  conditions, 
and  there  is  considerable  operation  at  lighter  loads  or  non- 
burning   conditions,   the   mica  may  wear  down   somewhat  and 
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the  .ommul.uur  and  brushes  may  polish  sufficiently  during 
these  periods  to  mask  the  direct  effects  of  the  burning. 
But  the  results  may  show  in  grooving  and  apparent  rapid 
wear  of  the  commutator  face.  There  may  thus  be  burning 
without  blackening,  or  without  direct  evidence  of  high  mica. 
Where  one  edge  burns  over  a  distinct  area,  it  usually 
may  be  assumed  that  the  burnt  area  could  just  as  well  be 
cut  away,  with  but  little  harm  to  the  operation,  and  jiossibly 
some  good,  for  the  fewer  the  commutator  bars  that  the  brush 
spans,  the  lower  will  be  the  total  short-circuit  current,  as  a 
rule.  Moreover,  by  doing  away  with  the  localized  burning 
under  the  brush,  it  may  be  assumed  that  the  commutator 
burns  less  also.  Cutting  away  part  of  the  brush  face,  how- 
evei',  will  crowd  the  working  current  into  the  remaining 
portion  where  burning  may  be  increased.  Therefore,  narrow- 
ing the  brush  face  is  not  a  general  remedy  for  the  trouble, 
although    successful    in    some   cases. 

DErOSITS  OF  COPPER  OX  BRUSH 
Burning  of  the  commutator  may  also  be  coincident  with  a 
deposit  of  copper  on  the  brush  face.  This  gives  the  eciuivalent 
of  low  resistance  brushes,  with  consequent  increase  in  local 
current  and  still  greater  burning  action.  Moreover,  with 
several  brushes  in  parallel,  any  brush  with  copper  on  its 
face,  may  tend  to  take  more  tl.  ,n  its  share  of  the  total 
working  current,  which  tends  to  cause  further  heating  and 
burning.  Increased  heating  in  itself  will  cause  a  greater- 
tendency  of  the  brush  to  take  an  undue  proportion  of  the 
current,  for  carbon  brushes  have  a  negative  coefficient  of 
resistance.  .Such  action,  if  continued,  will  eventually  so 
destroy  or  injure  the  brush  contact  that  it  carries  a  decreased 
current,  the  resistance  increases,  and  eventually  the  current 
falls,  not  only  to  normal,  hut  probably  far  below  normal 
value,  due  to  bad  contact,  and  the  other  brushes  must  then 
assume  an  excess.  If  other  brushes  repeat  this  action  then 
the  conditions  Ijecome  increasingly  bad  tor  the  remaining 
brushes,  and  they  may  repeat  the  same  action.  In  time,  all 
the  brushes  may  thus  become  badly  burned  or  honey-combed. 
Such  conditions  are  often  difficult  to  correct.  In  eotiic 
instances,  higher  resistance  Ijrushes  bring  improvement,  while 
in  others,  lower  resistance  brushes  are  better.  If  the  local 
currents  are  relatively  small  and  the  burning  or  picking  up 
of  copper  is  due  principally  to  the  working  current,  then  a 
lower  resistance  brush  may  actually  reduce  the  watts  at 
the   contact,  even   though  the  local   current  may   be   increased. 
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If,  on  the  other  hanj,  the  local  currents  are  hiprh  and  are 
principally  responsible  for  the  burning-  action,  a  still  higher 
resistance    brush    may    reduce    the    loss. 

UNDER-CUTTING    MICA 

Another  remedy  for  some  of  the  foregoing  troubles  is 
'irder-cutting  the  mica  between  commutator  bars.  This  does 
not  remcve  the  primary  cause  of  the  trouble,  namely,  the 
large  local  currents  or  high  current  density  on  the  brush 
contact,  but  it  lessens  the  harmful  effect  of  these  by  allow- 
ing the  brush  to  maintain  better  contact  with  the  commutator. 
In  this  way  the  burning  action  can  he  diminished,  in  most 
cases  to  such  an  extent  that  the  commutatoi-  face  will  polish, 
and  this  in  turn  will  enable  the  brush  to  make  better  contact 
with  the  copper.  Undercutting  in  general  is  advantageous 
where  the  mica  takes  up  a  relatively  large  portion  of  tlit- 
total  surface,  such  as  20  per  cent,  or  more.  The  general 
practice  at  present  with  non-undercut  commutators  is  about 
s*2  in.  thickness  between  bars;  considerably  less  than  this, 
as  low  as  O.OIS  to  0.020  in.  is  not  unusual  in  small  machines 
which  are  not  undercut.  Where  the  commutators  are  under- 
cut, there  is  a  liability  of  carbon  dust  collecting  in  the  slots 
and  short-circuiting  between  bars,  unless  the  peripheral  speed 
is  sufficient  to  keep  the  slots  clear.  Therefore,  in  slow- 
speed  commutators  which  are  undercut,  it  may  be  necessary 
at  times  to  brush  out  the  slots.  In  high-speed  commutators, 
or  in  variable-speed  machines  which  intermittently  reach 
high  speeds,  there  is  usually  but  little  difficulty  from  carbon 
collecting    in    the    slots. 

Slotted  commutators,  while  advantageous  in  some  ways, 
present  certain  operating  objections  in  others.  Except  wh> n- 
the  brushes  cover  several  bars,  the  slotted  comniutators 
are  likely  to  produce  chattei-ing  of  the  brushes,  unless 
frequently  lubricated.  Therefore,  with  such  commutators, 
self-lubricating  brushes  are  recommended.  These  brushes 
usually  contain,  or  consist  of  graphite,  and  generally  are  of 
lower  resistance  than  ordinary  carbon  brushes;  therefore, 
they  are  not  as  useful  in  assisting  commutation.  In  com- 
mutating-pole  machines  Avhere  the  resistance  of  the  brushes 
is  of  relatively  less  importance,  graphite  brushes  are  often 
satisfactory.  As  such  brushes  are  usually  soft,  they  are  not 
well  adapted  for  wearing  away  the  mica  in  commutators 
which   are   not   undercut. 

COMMUTATING-rOLE  MACHINES 
In  the  application  of  the  commutating  pole  to  direct- 
current  machines,  certain  conditions  have  arisen  which  are 
peculiar  to  this  construction.  For  instance,  according  to 
theory,  the  flu.x  of  the  commutating  pole  should  rise  and 
fall  diiectly  in  proportion  to  the  armature  current.  This 
means  that  there  must  be  practically  no  saturation  in  the 
commutating-pole  cii'cuit.  Probably  many  of  the  early 
difficulties  of  commutating-pole  machines  were  due  to  a  lack 
of  appreciation  of  this  point.  .\lso,  in  machines  with  rapidly 
changing  current,  the  commutating-pole  flux  should  change 
at  the  same  rate  as  the  armature  current,  otherwise  the 
proper  local  cui-rent  conditions  for  commutation  are  not 
obtained.  This  means  that  the  commutating  field  winding 
shoulil  not  be  adjusted  or  varied  in  strength  by  means  of  a 
noninductive  shunt,  as  is  common  practice  in  adjusting  series 
field  windings.  As  the  commutating-pole  winding  is  normally 
inductive,  then  in  the  case  of  a  sudden  change  in  current, 
an  improper  proportion  of  the  current  will  flow  through  a 
non-inductive  shunt  at  the  time  that  the  armature  current 
i8  changing.  Either  no  shunt  should  be  used,  or,  if  one  is 
necessary.  It  should  have  the  same  inductance  as  the  com- 
mutating field  circuit.  The  former  is  preferable  but  requires 
most   accurate   designing. 

Another  requirement  in  conimuting-pole  machines  is  ac- 
curate setting  of  the  brushes.  As  a  certain  definite  value 
of  the  local  or  commutating  current  is  desired  In  the  short- 
circultid  coil.  It  is  obvious  that  the  coil  mw.it  be  short- 
circuited  by  the  brushes  at  some  definite  position  with  respect 
to  the  commutating  pole.  This  is  especially  true  in  reversing 
machines.  Otherwise,  the  commutation  In  the  two  directions 
would  not  be  alike.  Furthermore,  an  incorrect  setting  of  the 
brushes,  with  respect  to  the  commutating  pole,  will  have  a 
sliKht  effect  on  the  inherent  regulation  of  the  machine.  In 
a  direct-current  generator,  for  instance,  with  the  brushes 
set  so  that  commutation  Is  exactly  central  to  the  commutat- 
ing pole,  the  magnetic  flux  of  these  poles  has  no  resultant 
effect  on  the  generated  electromotive  force  of  the  armature 
winding  as  a  whole,  and  therefore  has  no  effect  on  the 
regulation.  But  if  the  brushes  are  shifted  ahead  of  this 
correct  point  in  a  generator,  part  of  the  commutating  polo 
flux  becomes  effective  In  generating  an  electromotive  force 
In  opposition  to  the  armature  electromotive  force.  A  back- 
ward lead  In  the  same  way  would  tend  to  increase  the  arma- 
ture electromotive  force.  Thus  the  Inherent  regulation  of 
'he   generator    is   affectid    by    the    liru.-h    setting.      In    a   motor 


with  commutating  poles,  a  forward  lead  of  the  brushes  tends 
to  increase  the  counter  electromotive  force  generated  and 
thus  tends  to  lower  the  speed  with  increase  in  load,  while  a 
backward  lead  tends  to  increase  the  speed.  With  perfect 
setting  of  the  brushes  with  respect  to  the  commutating  poles, 
and  an  adjustment  of  the  commutating  pole  strength  just 
sufficient  to  give  the  theoretically  ideal  short-circuit  or  com- 
mutating current,  the  commutating  poles  should  have  prac- 
tically no   effect   on   the   speed. 

In  actual  practice,  in  direct-current  motors,  it  is  found 
better  to  over-compensate  slightly — that  is,  to  make  the  com- 
mutating pole  slightly  stronger  than  the  ideal  value.  This 
increases  the  local  or  commutating  current  above  the  ideal 
value  so  that  commutation  is  well  completed  before  the  coil 
leaves  the  brush.  This  gives  less  sparking  at  the  brush  edge, 
and  apparently  is  more  satisfactory  from  the  operator's 
standpoint.  But  this  overcompensation  has  an  effect  on  the 
speed  characteristics  of  a  motor.  The  zero  point  of  the 
current  is  shifted  backwards;  therefore,  it  tends  to  speed  up 
the  machine,  this  speeding-up  tendency  varying  with  the 
load. 

Obviously,  as  this  effect  is  a  function  of  the  armature 
current,  it  should  be  corrected  by  means  of  the  armature 
current.  This  is  readily  accomplished  by  adding  to  the  main 
field  winding  a  small  winding  in  series  with  the  armature, 
and  connected  to  magnetize  in  the  same  direction  as  the  shunt 
winding  on  the  field  poles.  The  ampere-turns  in  this  com- 
pensating, winding  are  normally  small,  being  just  sufficient 
to  balance  the  effect  of  the  excess  short-circuit  current  in 
the  commutated  armature  coils.  In  adjustable-speed  machines, 
at  low  speed  and  full  field  strength,  this  small  compensating 
winding  has  little  effect,  as  it  is  so  small  in  proportion  to 
the  shunt  ampere-turns.  At  the  highest  speeds,  however, 
where  the  shunt  ampere-turns  are  low  and  the  rise  in  the 
speed  curve  is  likely  to  be  greatest,  this  compensating  wind- 
ing has  the  greatest  effect.  Hence,  it  tends  to  produce 
proper  compensation  at  all  speeds  and  loads. 

PITTING 

Another  phenomenon  in  direct-current  machines,  which 
often  has  been  falsely  credited  to  commutating  conditions, 
is  that  of  "pitting,"  or  "eating  away"  of  the  mica  between 
commutator  bars.  This  has  also  been  credited  to  high  volt- 
age between  bars,  too  thin  mica,  iiuality  of  carbon  brush, 
use  of  lubi'icants,  etc. 

Some  years  ago,  the  writer  and  his  associates  made  an 
extended  study  of  this  matter,  based  upon  a  large  number 
of  cases  of  actual  trouble.  The  results  from  machines  in 
actual  service  were  so  conflicting  that  no  positive  conclu- 
sions could  be  drawn.  However,  eventually  the  evidence 
pointed  to  oil  as  one  of  the  fundamental  condilions  in  this 
trouble.  Extended  tests  were  then  made  to  determine  the 
effects  of  oil  on  the  mica,  and  the  results  indicated  clearly 
that  those  insulations  which  absorb  oil  were  liable  to  pit 
or  eat  away  in  time.  Apparently  where  the  oil  could  dissolve 
out  the  binding  material  in  the  mica,  minute  particles  of 
carbon  or  copper  would  be  disseminated  through  the  mica, 
thus  decreasing  its  resistance  locally.  Combustion  of  these 
particles  would  usually  be  noticed  as  "ring-fire"  around  the 
commutator.  Ring-flre  is  almost  always  due  to  incandescent 
carbon  particles  scraped  off  the  brushes,  but  is  not  usually 
harmful  If  the  mica  adjacent  to  the  spark  does  not  burn  or 
deteriorate.  Experience  shows  that  the  ordinary  good  grades 
of  mica  plate  are  not  affected  by  such  ring-fire,  and  it  is 
only  when  foreign  conducting  particles  penetrate  into  the 
plate  that  this  burning  ma.v  gradually  eat  away  the  mica.  It 
was  found  that  some  binding  materials  used  In  building 
mica  plate  wire  more  soluble  In  oil  than  others,  and  It  was 
noted  that  in  those  plates  Avith  soluble  binders,  the  pitting 
was  most  pronounced.  This  bd  then  to  om-  solution  of  the 
pitting  trouble,  namely,  the  use  of  what  might  be  designated 
as  insoluble  binders  in  the  mica  i»Iate,  with  very  tight  con- 
stiuctlon  of  the  commutator,  so  that  oil  could  not  penetrate 
along  the  sides  of  the  plate,  and  with  care  in  preventing  oil 
from  getting  on  the  commutator. 

VIBRATING    BRUSHES 

There  are  a  number  of  mechanical  conditions  entering  into 
the  practical  side  of  commutation.  It  is  imimrtant  to  main- 
tain good  contact  between  the  brush  face  and  the  commutator 
in  order  to  keep  down  losses  and  burning  action.  Therefore, 
if  the  brushes  chatter  or  vibrate  in  their  holders,  or  have 
a  rocking  action  tending  to  give  alternate  "heel-and-toe" 
contact,    the   operation    is    likely    to    be    affected    thereby. 

Vibrating  brush  holders  may  ri'sult  from  various  causes 
which  do  not  show  up  on  the  manufacturer's  test.  The 
machine  may  be  so  located  that  its  environments  are  to 
blame  for  vibration.  Bad  gearing  may  cause  chattering,  or 
the  foundations  or  supports  may  not  be  as  substantial  as 
•in    the    sh'iii    test,    so    that    some    small    dlsttirbances    may    ln' 
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exaggrerated  and  produce  vibrations  in  parts  or  in  tlie  whole 
machine.  Sometimes  the  brushes  may  chatter  due  to  lack 
of  lubricant,  and  this  may  set  the  -n-hole  brush  holder  struc- 
ture  into  vibration. 

Vibration  ot  brushes  in  their  boxes  may  be  due  to  badly 
fitted  brushes,  or,  on  machines  which  have  long  been  in 
operation  with  heavy  currents  per  brush,  the  brush  boxes 
may  be  eaten  away  inside  so  that  they  are  not  of  uniform 
dimensions.  Low  resistance  shunts  on  carbon  brushes  are 
for  the  purpose  of  carrying  away  the  current  from  the  brush 
by  some  other  path  than  through  the  sides  ot  the  brush  box. 
However,  due  to  the  dragging  action  of  the  commutator  on 
the  brushes,  they  are  liable  to  bear  rather  heavily  against 
one  side  of  the  box,  especially  at  the  lower  edge  next  to  the 
commutator.  Some  current  will  naturally  pass  to  the  box. 
and  this  in  time  will  tend  to  burn  away  the  boxes  and  the 
carbons.  The  brush  then  fits  tightly  only  at  the  top  and  is 
free  to  vibrate  or  chatter  at  the  commutator  end,  which  is 
just   the    place   where   such   movement    should   be    avoided. 

Chattering  is  not  infrequently  due  to  lack  of  lubrication 
of  the  commutator  or  brushes.  When  the  commutator  be- 
comes too  dry  and  has  a  high  polish,  a  radial,  or  almost 
radial  brush  may  vibrate  or  chatter  just  as  a  pencil  does 
when  moved  along  a  pane  of  glass.  If  the  commutator  is 
lubricated  with  oil  to  overcome  this,  care  should  be  taken 
not  to  use  an  excess  of  oil  or  the  mica  may  absorb  it.  Fre- 
quently, immediately  after  oiling,  a  commutator  shows 
ringfire  which  is  due  to  combustion  of  minute  particles  of 
carbon  and  oil  over  the  top  of  the  mica.  Sometimes  chatter- 
ing is  best  overcome  by  the  use  of  self-lubricating  brushes 
tn  undercut  commutators,  the  slots  are  liable  to  cause  chat- 
tering with  nonlubricated  brushes,  giving  out  a  noise  of  a 
pitch  comparable  with  the  product  of  the  revolutions  by  the 
number  of  commutator  bars.  As  oil  lubrication  should  be 
used  with  caution  on  undercut  machines,  practice  now  usually 
calls  for  some  form  of  self-lubricating  brush,  partly  or 
wholly  graphite. 

In  commutating  pole  machines  it  is  especially  important 
that  the  brushes  should  not  have  any  heel-and-toe  movement, 
tor  when  the  brush  makes  contact  at  one  edge  or  the  other, 
the  result  is  equivalent  to  rocking  the  brushes  backward  or 
forward,  which,  as  explained  before,  is  particularly  objec- 
tionable in  such   machines. 

BURNT  SPOTS 

Burnt  or  black  spots  will  sometimes  develop  on  the  com- 
mutator at  points  removed  from  each  other  a  distance  cor- 
responding to  that  between  holders  of  the  same  polarity. 
This  is  sometimes  very  bothersome,  and  the  cause  is  not 
always  easy  to  find.  Any  condition  which  produces  one  bad 
spot  may  tend  to  produce  similar  spots  symmetrically  displaced 
around  the  commutator.  When  one  spot  is  formed,  then  when 
this  spot  passes  under  one  brush  arm.  the  brush  contacts  at 
this  arm  are  naturally  poorer  and  the  other  brush  arms  of 
the  same  polarity  tend  to  take  the  load,  and  the  current 
density  in  their  brushes  is  correspondingly  increased  during 
this  short  period.  If  there  is  any  tendency  toward  high  mica, 
for  instance,  then  the  increased  current  at  these  points  will 
produce  increased  burning  away  of  the  copper  and  burnt 
spots  may   develop. 

SHORT-CIRCUITS 

One  of  the  most  severe  conditions  th.'it  a  direct-current 
generator  can  encounter  is  a  dead  short-circuit  across  its 
terminals,  or  in  the  immediate  neighborhood  of  the  machine. 
Few  machines  outside  of  those  of  comparatively  small  capac- 
ity and  low  voltage,  can  stand  such  a  short  circuit  without 
severe  flashing.  Tests  have  shown  that  moderately  large 
direct-current  generators  will  give,  at  the  moment  of  short- 
circuit,  from  20  to  30  times  full-load  current.  No  ordinary 
commutating  machine  can  be  built  to  take  care  of  such  a 
current  rush,  and  vicious  arcing  and  flashing  generally  re- 
sult. Fortunately,  however,  the  majority  ot  short-circuits 
occur  at  some  distance  from  the  generator,  and  in  many  cases, 
are  made  through  arcs  rather  than  by  direct  contact,  so  that 
the   generators  do  not   get  the  maximum  rush   of  current. 

It  might  be  suggested  that  quick-acting  circuit-breakers 
would  take  care  of  such  extreme  conditions  by  opening  at 
the  loads  for  which  they  are  set.  But  this  setting  is  that 
at  which  the  tripping  mechanism  works,  and  if  the  current 
rises  rapidly  enough,  it  may  be  far  in  excess  of  the  tripping 
value  by  the  time  that  the  breaker  actually  opens  the  circuit. 
In  fact,  this  is  just  what  happens  in  the  case  of  a  severe 
short-circuit.  Oscillograph  tests  have  shown  that  the  current 
rush  on  short-circuit  r'ay  reach  its  maximum  value  in  one- 
fiftieth  of  a  second,  or  even  less,  while  the  ordinary  com- 
mercial circuit-breakei's  seldom  operate  in  less  than  one- 
tenth  of  a  second. 


MsiEauaf^ctl'iia  treses 

The  ninety-seventh  meeting  of  the  National  Association  of 
Cotton  Manufacturers,  held  at  the  Hotel  Aspinwall,  Lenox, 
Mass.,  Sept.  29  to  Oct.  1,  was  attended  by  200  to  300  members 
and  guests.  President  Albert  Greene  Duncan  delivered  a 
masterly  address  in  which  he  reviewed  the  general  financial 
and  commercial  situation  and  stated  that  spinning  and  weav- 
ing of  cotton  cloth  was  the  first  industry  in  America  to 
leave  the  home  for  the  factory;  from  small  beginnings  it  has 
built  up  an  invested  capital  of  at  least  $843,000,000  and  is  one 
of  the  few  industries  against  which  no  charges  of  illegal 
combination  or  any  of  the  other  wrongs  so  bitterly  com- 
plained   of   have    ever    been    made. 

Several  valuable  papers  were  presented  on  the  cotton 
industry  from  cultivation  of  the  staple  to  marketing  of  the 
finished  product.  The  paper  by  Albert  F.  Bemis  of  Boston 
on  "Textiles  on  the  River  Hooghly,"  India,  describing  methods 
of  mi.U  construction  and  operation  in  India  and  illustrated 
by  stereopticon  views  was  especially  interesting  from  an 
engineering  as  well  as  manufacturing  viewpoint.  Francis 
W.  Dean  read  a  paper  on  "Sources  of  Power,"  in  which  he 
reviewed  the  forms  of  modern  prime  movers  and  gave  in- 
teresting   statistics    of    coal    and    fuel    oil    production. 

The  meeting  was  closed  by  a  banquet  at  which  Hon.  W. 
P.  G.  Harding  of  the  Federal  Reserve  Board,  Washington, 
D.  C,  delivered  an  address  upon  "Cotton  as  a  National  Asset." 


On  Aug.  1^,  the  locomotive  type  boiler  of  a  portalde 
engine  exploded  at  n  shingle  mill  near  Grampian,  Pcnn., 
causinf  'he  loss  ot  two  lives.  There  is  some  doubt  about 
the  ag«  of  the  boiler:  it  was  between  20  and  30  years  old, 
however.  An  examination  after  the  explosion  showed  that 
the  water   bottom   and   water  legs  had  at   some   previous  time 
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been  filled  with  concrete,  probably  to  stop  leaks,  to  the  level 
of  the  grates.  The  boiler  was  hired  for  temporary  use  and 
it  is  likely  that  it  was  not  known  to  be  loaded.  As  a 
matter  of  precaution,  the  pressure  had  lately  been  reduced 
from  120  to  90  lb.,  because  of  continual  signs  of  distress. 
There  were  no  indications  on  the  crown  sheet  of  low 
water.  There  were,  however,  upward  of  50  defects  in  the 
firebox  alone  which  would  justify  an  inspector  condemning 
the  boiler.  As  there  is  i»o  compulsory  inspection  law  in  this 
state,  nothing  can  prevent  anyone  selling  or  using  such  a, 
boiler. 


Souflt^lheinni  Power  FlaiaSs  MeiP^e 

street  railway  and  power  companies  throughout  middle 
and  east  Tennessee  have  been  brought  into  close  atflliation 
as  a  result  of  the  formation  of  a  holding  company  which  has 
taken  over  the  Clark  interests  for  the  purpose  of  promoting 
economical  administration.  The  company  is  known  as  the 
Tennessee  Railway,  Light  &  Power  Co.  It  holds  a  majority 
of  the  stock  of  the  Nashville  Railway  &  Light  Co.,  the  Ten- 
nessee Power  Co.,  which  owns  the  Ocoee  River  power  plant: 
the  Chattanooga  Railroad  &  Light  Co.,  and  companies  at 
Sparta,  Cleveland  and  a  number  ot  other  towns  in  Tennessee. 
It  does  not  control  the  street  railroad  company  at  Knoxville, 
but   supplies  current  to   it  and   to   the   city   of  Knoxville. 

It  is  also  learned  from  an  authoritative  source  that  the 
Clark  interests  have  entered  into  a  contract  with  the  Brady 
interests,  which  own  and  operate  the  mammoth  power  plant 
at  Hale's  Bar,  on  the  Tennessee  River,  for  the  purchase  of 
current. 


OL-toberl.3,  1911 

Tlhe  Fs'giiraMiia  Medal 

In  December  of  19i:!,  I'resident  S.imuel  Insull,  of  the 
Commonwealth  Kdison  Co.,  Chicaso,  stated  that  he  had  been 
infornied  that  the  board  of  managers  of  the  Franklin  Insti- 
tute of  Pennsylvania  desired  to  found  the  Franklin  Medal. 
The    purpose    was    to    award    it    in    recognition    of    individual 


r  0  W  E  R 


r.51 


The  Atlantic  Gas  &  Electric  Co.  was  incorporated  under 
the  laws  of  Connecticut  on  April  2,  1912,  for  the  purpose 
of  acquiring  control  of  established  gas  and  electric  properties 
through  the  securities  of  the  companies  holding  them,  and 
to  provide  through  its  working  capital  independent  bank- 
ing facilities  for  improvements,  extensions  and  betterments 
for   those   properties  and   to  operate   them. 


SEPvViCL   IM 
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The  Fkaxklix  ^Iedai, 
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contributions  to  science  or  to  the  application  of  physical 
science   to   industry. 

In  March  of  this  year  Mr.  Insull  and  the  board  of  man- 
agers having  mutually  fixed  upon  the  conditions  attending 
the  award  of  the  Franklin  Medal,  Mr.  Insull  forwarded  his 
check  for  ?6000.-  This  money  has  been  so  invested  that  the 
income  will  enable  the  board  from  time  to  time  to  strike  off 
and  award  medals  to  those  who  have,  in  the  estimation  of 
the  institute,  earned  them  by  their  work  in  physical  science 
or    technology. 

As  is  indicated  by  the  illustrations,  the  medal  is  beau- 
tifully modeled,  the  design  having  been  made  by  R.  Tait 
McKenzie;  the  medallion  of  Franklin  is  taken  from  Sully's 
portrait,  in  the  possession  of  the  Institute.  Its  iotrinslc 
value  is  about  $7.">. 
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Liabilities  of  $2,478,212  were  given  in  a  voluntary  petition 
in  bankruptcy  filed  In  the  United  States  District  Court  on 
Oct.  29  by  the  Atlantic  Gas  &  Electric  Co..  2a  Broad  St.,  Xcw 
York  City.  The  actual  value  of  the  assets  is  not  known, 
but  their  face  value  is  estimated  at  more  than  $.".,000,nOft. 
The  assets  include  materials  and  supplies  valued  at  $20,000 
In  the  possession  of  the  Pennsylvania  Utilities  Co.,  Easton, 
Pa.,  one  of  the  bankrupt  company's  subsidiaries.  They  also 
include  bond  and  note  claims  against  the  subsidiary  companies 
amounting  to  $ri,23s,710.  The  company  also  holds  stocks  and 
bonds  of  the  subsidiary  companies  worth  JI.14S,M7,  and  $4i;n,- 
600  worth  of  its  own  stocks  and  bonds.  It  controls  the  fol- 
lowing properties:  The  Eastern  Tennsylvania  Power  Co.  of 
New  Jersey,  the  Easton  Cas  Works,  the  Interurban  Gas  Co., 
the  Pennsylvania  Utilities  Co.,  the  BInghamton  Light,  Heat 
&  Power  Co.,  the  Sayre  Electric  Co.,  the  Jersey  Corporation, 
the   Chemung   Land    Co. 

Of  the  liabilities  J2,420,Sii2  are  unsecured  and  there  is 
owed  jr.r.O  in  salaries  and  $2!i,2Sfl  to  Its  subsidiaries.  The 
company  has  two  outstanding  bond  issues  aggregating  $3,- 
ftiri,r..il,  secured  by  a  mortgage  to  the  Atlantic  Trust  Co., 
Boston. 

Among  the  stocks  and  bonds  of  the  subsidiary  companies 
which  the  parent  concern  Includes  In  Its  assets  are  $2,217,200 
of  the  securities  of  the  I'ennsylvania   nilitlps  Co. 


The  authorized  capital  stock  comprises  $.j, 000,000  six  per 
cent,  cumulative  preferred  and  $7, .500,000  common.  Of  these 
amounts  $1,561,900  preferred  and  $3,361,400  common  were 
outstanding  on  Dec.  31.  1913.  The  officers  are  Arthur  D.  Lord, 
president.  New  Tork:  Carl  M.  Pihl,  vice-president,  Easton, 
Pcnn.;  F.  A'.  Shannon,  treasurer,  and  A.  B.  Cheadle,  secretary. 


KoiHeff"   ExplosioBii   ^t   S^oipipSb 


On  Sept.  28,  about  S  o'clock  a.m.,  a  boiler  explosion  of  un- 
usual violence  occurred  at  the  mines  of  the  Spring  Cation 
Coal  Co.,  Storrs,  Utah,  115  miles  east  of  Salt  Lake  City.  Two 
men  were  killed  outright  and  five  others  wore  si-riously  in- 
jured. The  boiler  was  of  the  Continental  marine  type  built 
by  the  Springfield  Boiler  Works  less  than  two  years  ago. 

It  appears  that  the  furnace  had  been  overheated,  probably 
due  to  low  water,  and  the  upper  side  had  sagged  about  4  in. 
at  a  point  5  ft.  from  the  tire  door.  Repairs  had  been  made 
and  after  a  satisfactory  hydrostatic  test  on  Sunday,  the  boiler 
was  prepared  for  duty  Monday  morning.  As  the  steam  ap- 
proached the  working  pressure,  which  was  l.SO  lb.,  but  before 
the  boiler  was  "cut  in."  the  master  me<hanlc  (one  of  those 
killed)  ordered  the  fireman  to  pull  the  flre  as  the  boiler 
showed  signs  of  distress.  I'.efore  thi-  pressure  could  be  re- 
duced the  boiler  exploded  and  was  hurled  through  the  roof 
to  the  hillside  100  yards  distant. 

The  stone  walls  of  the  bnilir  house,  which  were  over  2  ft. 
thick,  were  demolished  at  the  front  and  rear  of  the  wrecked 
boiler,  although  the  other  boilers  of  tile  battery,  two  on  each 
side,  were  nninjur-<l.  The  d.image  will  amount  to  upward  of 
$30,000. 


EUHATA— on  page  396,  Sept  1  ."■,  the  ilunl  paiagraph 
should  read:  Before  paragraph  40 — All  staybolts  shall  be 
drilled,  both  from  the  outside  and  inside  ends,  to  a  depth 
of  not  less  than  one-half  inch  {%  in.)  inside  the  boiler 
plate,  and  their  diameter  shall  be  not  I»«x  thnn  three-six- 
teenths of  an   Inch    (  ,>,    in.)   and. 

Before  paragraph  41 — All  boilers  and  parl.s  of  boilers 
shall   be   securely   riveted,   not   bolted. 
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Public  Lectures  iu  »«•  York  City — The  department  of 
education  of  the  City  of  New  York,  under  the  supervision  of 
Henry  M.  Leipziger,  offers  a  number  of  lectures  for  this  fall 
and  winter  of  interest  to  electrical  men.  Among  the  subjects 
are  "Wonders  of  Electrical  Inventions,"  "Principles  and  Prac- 
tice in  Electrical  Engineering,"  "Electricity  and  Magnetism." 
These  lectures  will  be  given  in  the  city's  public  school  halls 
and  the  dates  and  names  of  the  lecturers  have  been  promi- 
nently  posted. 

Eveuins  School  of  Engineerinfc  at  i:niver»ity  of  Pittubursli 

— The  Evening  School  of  Engineering  giving  graduate  courses 
will  be  a  new  feature  at  the  University  of  Pittsburgh  this 
autumn.  It  is  the  first  time  this  kind  of  work  has  been 
attempted  in  this  country,  although  several  day  schools  offer 
graduate   work. 

In  the  Pittsburgh  district  there  are  more  engineerinsj 
graduates  than  in  any  equal  district  in  the  United  States.  It 
is  for  this  reason  that  the  university  will  provide  for  men 
who  do  engineering  work  during  the  day  an  opportunity  to 
study  engineering  in  the  evening.  Men  who  are  properly  pre- 
pared and  who  have  received  their  bachelor  of  science  degree 
may  obtain  an  engineering  degree  from  the  University  of 
Pittsburgh. 

Many  young  engineers  find  after  engaging  in  practical 
work  that  the  courses  which  they  took  in  college  did  not 
fully  prepare  them  for  their  duties.  Few  have  opportunity 
to  quit  work  and  go  back  to  their  own  college  for  further 
study,    but    many   can    devote    their    evenings    to    new    courses. 

Courses  will  be  offered  in  the  valuation  of  public  utilities, 
mechanical,  civil,  electrical,  sanitary,  mechanical,  railway, 
concrete  engineering,  etc.  The  faculty  will  include  some 
of  the   best  engineers   in   the   Pittsburgh   district. 

The    New    York    School    of   Heating    and    Ventilating    Claas 

will  meet  Monday  evening  of  each  week  at  7:30  o'clock  in 
room  511,  World  Bldg.,  Park  Row,  New  York,  under  the 
direction     of     Charles     A.     Fuller,     consulting     engineer     with 


Messrs.  Clark,  MacMuUen  &  Riley.  Mr.  Fuller  has  been 
engaged  for  a  number  of  years  in  the  design  and  supervision 
of  heating  and  ventilating  work  for  all  classes  of  buildings, 
is  a  graduate  of  the  University  of  Michigan,  and  has  had 
successful  experience  as  instructor  in  mechanical  engineering 
at  the  University  of  Pennsylvania.  He  is,  therefore,  well 
fitted  to  offer  the  best  instruction  in  the  most  recent  practice. 

The  course  consists  of  22  lectures  covering  the  subjects  of 
heating  and  ventilating  with  special  reference  to  computation 
of  heating  surfa'ces,  pipe  sizes,  boilers,  etc.,  for  gravity  and 
vacuum  steam  systems:  for  gravity  and  forced  hot  water 
systems;  sizes  of  ducts,  fans  and  heaters  for  various  kinds 
of  ventilating  systems;  purification  of  air  and  humidifying 
devices.  No  particular  requirements  as  to  education  and 
mathematics  are  necessary  as  the  various  subjects  are  han- 
dled in  such  a  manner  as  to  eliminate  the  more  difficult 
mathematical    calculations. 

The  fee  for  the  complete  course  will  be  $10,  payable  in 
advance.  The  first  meeting  will  be  held  on  Nov.  2.  All  who 
wish  to  join  the  class  sbould  be  on  hand  promptly  .it  that 
time. 


"VA'alter  B.  Snow,  publicity  engineer,  has  removed  his  offices, 
to  rooms  511-516.  in  the  new  Federal  St.  building,  136  Federal 
St.,  Boston.  Mass.  This  organization,  built  up  during  the 
past  seven  years,  will  be  better  equipped  to  act  as  publicity 
managers  :'nd   general   advertising  agents. 

Martin  R.  Carpenter,  refrigerating  engineer,  has  opened 
an  office  in  Cincinnati,  Ohio,  \vliere  he  will  make  a  specialty 
of  ice  and  cold-storage  plants  and  consultation  work  along 
refrigeration  lines.  Mr.  Carpenter  was  with  the  Triumph  Ice 
Machine  Co.  (or  eight  years,  four  of  which  he  was  its  chief 
engineer. 

Thomas  Hawksworth  has  been  appointed  chief  engineer 
at  the  Brilliant  pumping  station.  Pittsburgh,  Penn.  He  suc- 
ceeds H.  E.  Fernald,  who  resigned  because  he  is  removing 
to  Maine,  where  lie  has  important  business  interests.  Mr. 
Hawksworth  has  been  an  assistant  engineer  at  the  pumping 
station   about   12   years. 

Frederick  R.  Hutton,  consulting  engineer  of  the  Auto- 
mobile Club  of  America,  will  address  the  joint  meeting  of  the 
Engineers'  Club  of  Cincinnati,  and  the  Cincinnati  Section,  A. 
S.  M.  E.,  Oct.  15,  at  S  p.m.,  in  the  Literary  Club  Auditorium. 
The  address  will  be  on  the  subject,  "The  Testing  of  the 
Motor-Vehicle  Engine,"  and  illustrated  with  stereopticon 
views.  Mr.  Hutton  was  honorary  secretary  of  the  American 
Society  of  Mechanical  Engineers,  1S33-1906,  president  of  the 
society,  1907.  and  is  now  emeritus  professor  of  mechanical 
engineering.  Columbia  University. 
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Adela^idle  Mtrnmiclpal  Tr^-mmr^w'  Po^wer 


By  F.  (;.  .MoFiiTT 


SVXOPSIS—The  phut  ronsisls  of  finre  1 -'lOO-kir..  11.- 
000-rolt  turbo-generators  carryiiuj  self-contained  c.nitcrs. 
To  prevent  ruslies  of  over-superlieated  steam,  special 
tlicrmo  buffers  Itavc  been  erected.  Tliere  is  also  a  super- 
heat alarm  wlien  tlie  .steam  temperature  appruaelies  a 
dangerous  limit.  '  Tiie  ni.c  1000-lip.  boilers  operate  at 
200  lb.  pressure.  The  furnaces  are  equipped  witli  cltain- 
gratc  stoli'ers. 

The  power  plant  of  the  Adelaide  Electric  TrannvMy.  at 
Port  Adelaide,  South  Australia,  is  designed  to  generate 
electrical  energy  at  11,000  volts  and  to  transmit  it  by 
a  duplicate  overhead  transmission  line  to  two  converter 
stations,  a  distance  of  about  ten  miles.  Eight  miles  of 
this  line  will  be  overhead  work  and  two  miles  will  con- 


ft.  I)cliiw  the  groitnd  level,  and  27  ft.  below  the  liigli- 
water  mark.  For  the  purpose  of  securing  sound  founda- 
tions for  the  heavy  machinery  to  be 'installed.  The  pre- 
liiniiiary  work  was  particularly  diflicidt,  owing  to  the 
siilis(.)il  o!'  soft  mud  ami  i|ui(ksai!d. 


In  the  turbine  room,  F'l;.  I.  there  are  three  1500-kw., 
three-phase,  n,000-volt  turbo-geuerator  sets,  each  hav- 
ing a  95  ])er  cent.  ]>ower  factor,  and  guaranteed  to  give  a 
2~>  per  cent,  overload  Tor  two  lunirs.  The  speed  of  each 
is  1500  r.]).m. 

Each  alternator  carries  a  self-(«ntained  exciter,  fitted 
with  a  compensating  winding,  which  automatically  ad- 
justs the  100-\(ilt  e\<-iting  current  at  any  load. 


Fn;.  1.     TuKHiNE  Room  of  the  Adelaide  .Municipal  Powek  Plaxt 


sist  of  underground  cables.  Five  miles  from  the  sta- 
tion a  Junction  line  connects  with  No.  2  converter  sta- 
tion, which  is  three  miles  distant. 

The  site  of  the  power  house  has  been  chosen  with  a 
view  to  the  most  economical  coal-handling  arrangement, 
and  also  for  securing  an  ample  supply  of  condensing 
water  from  the  river. 

During  the  work  of  excavation  for  the  fouiulation, 
more  than  000  piles  were  driven  to  the  limestone  bed  30 


In  the  basement,  under  the  turbines,  are  the  main  con- 
densers and  air  pumps.  The  circulating  cooling  water, 
brouglit  from  the  Adelaide  River  for  the  condensers,  is 
returned  through  an  outlet  conduit,  and  discharges  into 
the  river  .300  ft.  from  the  inlet  conduit.  The  cooling 
water  is  supplied  by  an  electrically  driven  centrifugal 
pump  which  draws  the  water  from  the  conduit  below  the 
engine-room  floor. 

T(i  ])revent  sudden   rushes  oF  over-super1ieated  steam 


October  '^O.  VJU 
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Fig.  2. 


Steam  Exd  of  TcriniXE  and  the  Engine- 
I>i:ivEX  Set 


Fig. 


Alternating-Cubrent  Switchboard 


into  the  turbine,  .special  thernio  buffers  have  been  erected. 
In  addition,  tliere  i.s  a  t;ui)erheat  alarm  which  o])erates 
■when  the  steam  temperature  a])proaches  a  dangerou.s 
limit. 

The  lubrication  of  the  turbine  is  a  special  feature,  the 
pooling  oil  being  pumped  from  a  well  luider  the  turbine, 
and  after  passing  through  the  bearings  at  about  6  lb. 
pressure  it  is  returned  to  the  well  after  passing  through 
a  cooling  chamber. 

All  auxiliaries  are  driven  by  direct-current  motors  at 
200  volts  supplied  by  a  300-hp.  unit,  Fig.  2,  which  also 
supplies  energ\'  for  station  lighting.  The  alternating- 
current  switchboard.  Fig.  3,  is  foolproof,  the  live  parts 
beini;  coxcrcd  with  armor  plate  and   inaccessible  to  all 


except  the  electrician  on  duty.  The  main  switches  are 
of  the  oil-brake  tyjie,  relays  being  fitted  to  the  trans- 
mission lines  and  arranged  to  throw  out  the  oil  switches 
in  case  of  troulile  on  the  line. 

Boilers 

There  are  six  1000-lij).  water-tube  boilers.  Fig.  i. 
the  largest  of  their  kind  in  Australia.  Each  furnace  is 
fitted  with  twin  automatic  chain-grate  stokers  with  a 
ratio  of  1  to  50  of  heating  .surface.  Superheater  tulies 
raise  the  temijerature  of  the  steam  to  630  deg.  F.,  with  a 
working  pressure  of  200  lb.  per  sq.in.  There  are  21G 
tubes  in  each  boiler  and  104  superheater  tubes.  By  spe- 
cial arrangement,  the  temperature  of  the  steam  mav  lie 
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regulated  from  the  engine  room  to  suit  the  requirements. 
The  hot  gases  which  are  driven  off  from  the  fires  are  de- 
flected by  special  dampers  into  the  economizer  chambers 
at  the  back  of  the  boilers.  The  economizers  are  arranged 
in  three  groups,  with  222  tubes  in  each  and  heat  the 
feed  water  to  a  temperature  of  300  deg.  F.  before  it  enters 
the  boilers. 

The  stokers  are  chain  driven  from  a  shaft  running 
the  length  of  the  boiler  house  and  situated  in  the  ash 
runway.  There  are  three  speeds  and  a  neutral  which 
allows  the  stokers  to  travel  at  from  1  to  8  ft.  per  hour. 


Fig.  5.     Feed-Water  Pujip  and  Lea  Recorder 

Should  any  of  this  gear  get  out  of  order,  a  patent  re- 
lease clutch  is  introduced,  which  throws  the  grate  out 
of  action. 

Each  boiler  is  fitted  with  two  6xG-ft.  steam  drums,  ly- 
ing across  the  two  main  driims.  One  is  connected  to 
the  saturated  steam  and  the  other  to  the  superheated 
steam  pipe;  the  main  take-off  pipe  is  fitted  between  them 
with  a  butterfly  valve,  so  that  if  the  superheated  steam 
rises  too  high  "this  valve  may  be  opened  to  admit  sat- 
urated steam,  thus  keeping  the  steam  down  to  the  re- 
quired temperature. 

Piping 

Feed  water  is  delivered  from  the  main  water  supply 
into  a  4000-gal.  tank  through  a  valve  operated  by  a 
float.  From  this  tank  it  flows  into  a  makeup  tank  and 
then  goes  through  a  softener  to  the  hotwell,  where  it  is 
pumped  to  a  feed-water  heater,  then  to  the  economizers, 
and  into  the  boilers.  All  makeup  water  is  metered  by  a 
recording  meter,  Fig.  5. 

The  main  steam  line  is  next  to  the  engine-room  wall, 
and  from  one  end  of  it  a  pipe  containing  a  reducing 
valve  which  reduces  the  pressure  to  100  lb.  riuis  to  the 
auxiliary  steam  units.  The  main  supplies  to  the  tur- 
bine are  tapped  off  from  the  main  steam  line  and  go 
through  the  wall  below  the  engine-room  floor,  the  supply 
being  controlled  by  a  main  stop  valve  close  to  each  tur- 
bine. On  the  main  steam  line  a  recording  thermometer 
is  installed  which  leads  to  the  engine  room,  and  if  the 
steam  raises  too  high  an  alarm  is  soimded,  denoting 
which  boiler  is  al)o\e  normal  in  temperature.  There  are 
two  main  boiler  feed  pumps  placed  side  by  side  at  the 
west  end  of  the  boiler  room  and  adjacent  to  the  hotwell 
from  which  the  water  is  drawn.  Next  to  the  feed  pump 
is  the  feed-water  heater,  which  uses  exhaust  steam  from 
the  250-hp.  engines. 


Fuel  is  brought  into  the  yard  and  dumped  into  a  hop- 
per, from  which  it  gravitates  through  crushers,  driven 
by  a  20-hp.,  compound-wound,  200-volt  motor,  into  a 
100-ft.  bucket  con\eyor.  Each  bucket  holds  about  80  lb. 
of  coal,  and  it  requires  eight  minutes  to  make  one  revolu- 
tion. The  conveyor  is  driven  by  an  8-hp.  motor.  The 
coal  is  conveyed  to  the  storage  bunkers  above  the  boiler 
house,  each  bunker  having  a  capacity  of  1400  tons.  From 
the  bunkers  the  coal  is  drawn  off  and  automatically 
weighed  by  a  traveling  weighing  machine.  The  fuel 
tiieu  falls  through  a  chute  into  a  small  hopper  above  the 
stokers,  from  whence  it  goes  to  the  grates  and  is  fed  to 
tlie  furnace  as  required.  The  capacity  of  the  bucket  is 
40  tons  per  hour.  The  bunkers  are  so  arranged  that 
there  is  a  separate  one  for  each  boiler.  The  special 
weighing  machine  below  the  bunker  is  electrically  oper- 
ated and  passes  from  boiler  to  boiler  as  required. 

Ashes 

The  ashes  are  disposed  of  by  opening  a  trap  at  the 
liack  end  of  the  grate,  where  they  drop  into  a  hopper  in 
ihe  ash  runway  and  are  removed  at  the  end  of  each  shift. 

Furnace  gases  go  to  a  steel  stack  of  the  self-supporting 
tvpe.  It  is  200  ft.  high  and  34  ft.  outside  diameter  at 
tiie  bottom,  and  is  bell-shaped  for  50  ft.,  then  straight- 
ens the  remaining  150  ft.  with  an  inside  diameter  of 
13  ft.  The  draft  on  a  normal  day  is  1  in.  This  steel 
stack  is  one  of  the  largest  in  Australia. 


A  recent  patent  granted  to  Rudolph  Wolf,  :\Iagdeburg- 
Buckau,  Germany,  is  for  a  piston  distributing  valve  for 
compoimd  engines  arranged  to  work  in  common  to  the 
high-  and  low-pressure  cylinders.    The  valve  has  ehannel- 


WOLF  PiSTO.V   DiSTRIBUTIXG   VaLVE 

shaped  passages  through  it  for  distributing  the  exhaust 
steam  from  tlie  high-pressure  and  the  admission  of  steam 
to  the  low-pressure  cylinder. 

The  accompanying  illustration  shows  a  section  through 
a  distributing  valve  designed  with  an  annular  recess  A, 
which  remains  in  communication  with  the  high-pressure 
cylinder  B  and  allows  the  exhaust  steam  to  pass  directly 
from  it  to  the  low-pressure  cylinder  when  the  valve  in 
moving  from  its  middle  position  has  traveled  through 
the  distance  C,  corresponding  with  the  lap  D  for  the  re- 
maining opening  of  the  valve. 
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After  tlie  valve  lias  moveil  from  its  iniddle  jwsiliun 
through  the  distance  E,  the  supply  oi'  steam  is  admitted 
from  the  high-pressure  cylinder  B  into  the  receiver  F, 
through  the  passage  G,  as  indicated  l)y  the  arrow.  The 
admission  of  steam  into  the  lo«--pressure  cylinder  //  be- 
gins through  the  ports  J  and  K  and  through  the  port  L, 
as  indicated  by  the  arrow,  after  the  valve  has  moved  from 
its  middle  position  through  tlic  distance  C. 

The  advantage  consists  in  a  diminution  of  the  distance 
M  between  the  steam  outlet  port  X  of  the  high-pressure 
cylinder  B  and  the  steam  inlet  port  J  to  the  low-pressure 
cylinder  //,  and  in  a  reduction  of  tlic  nundjcr  of  jilacos 
to  be  ke]it  steam-tight.     Thci-e  is  aUo  a  reduction  in  the 


losses  of  pressure  ami  heat  during  tlie  period  steam  is 
sujijilied  to  the  low-pressure  cylinder,  as  a  greater  part 
of  the  working  steam  not  passing  through  the  recei\er 
goes  from  the  high-  to  the  low-pressure  cylinder. 

Because  of  this  the  advantage  of  the  Wolf  engine  with 
respect  to  the  steam  supply  by  the  shortest  way  is  had, 
while  the  disadvantage — the  interdependence  of  the 
.steam  distribution  in  the  high-  and  low-pressure  cylin- 
ders— is  a\oided.  This  is  owing  to  the  choice  of  varying 
laps  and  that  the  steam  in  passing  through  the  receiver 
is  given  an  independent  exhaust  from  the  high-pressure 
and  an  indeiiendent  admission  into  the  low-pressure  cvl- 
inder. 
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S)'X()PSIS—Clnrf   Tel  In-   Is   rniiimlrtl  of  a   iinniilsc   to 
li'll  iibniil  the  iii<'ch(iiii<  III  rij  III  nil  nil.  iif  liriil  mid  explains 
llw  siihjeii   ill  (III   eleiiieiiliiri/   innj. 
W. 
"('hicl'.  you  proniist'd  to  tell  nic  aliout  the  relation  of 
Ileal  to  mechanical  energy;  Imw  about  it!'" 

"Will,  heat  is  just  work — through  and  through.  It 
can't  keep  from  work.  In  fact,  as  soon  as  heat  is  liberated 
ti'oiu  the  coal  it  gets  busy  at  once — and  works !  Get  that ! 
;i  Iieats  air  and  all  the  material  near-by,  but  wc  are  most 
interested  in  its  action  on  the  water  in  the  boiler.  The 
first  action  is  that  it  makes  eacli  molecule  more  energetic. 
While  these  molecules  do  not  diangc  form  (from  water 
to  steam)  at  once,  ihcy  \il]ra(c  against  each  other  more 
and  more  rajiidly  as  heat  is  apjilicd. 

"In  fact,  Will,  the  wise  ones  say  that  everything  solid, 
licpiid  or  gas  is  made  Uj')  of  molecules,  which  are  always 
in  motion  so  long  as  thoy  contain  any  heat  at  all  (above 
ai)solute  zero).  Of  course,  this  motion  is  not  perceptil)lc, 
but  it  has  been  proved  by  a  process  of  reasoning  l)y  the 
scientific  fellows.  'I'lie  molecule  itself  is  the  snudlest  bit 
of  a  thing  which  has  been  bi'oken  all  to  smithereens  I 
"I'retty  snuill  sample,  Chief!'' 

'"Yes,  l)nt  tlie  wise  ones  know.  Anyway,  sup])ose  each 
particle  of  water  to  be  separated  to  itself.  As  it  bccanu' 
licated  it  would  e.\])and  and  i-equire  more  room,  anil  in 
order  to  get  it,  it  would  have  to  ]iu.sh  .some  of  its  iu'\t 
neighbors  away.  What  is  that  action?"' 
"Why.  that's  work,  isn't  it':'" 

"That's  right.     .\s  the;  water  expands  it  is  ligliter  for 

Hie  space   it  occupies,   and   it   rises   toward    the  surface, 

where  it  has  less  pressure  about  il.  but   it  still   has  the 

air   pressure    (ll.'!    lb.)        Olbci'    particles    in    turn    get 

heated   and   act    the  same   way   until    they   jiave   absorbed 

^i'ji\\  heat  energy  to  overcome  the  air  prossiirc.     'I'lien 

will    change   their    form    from    water   and    become 

III.      Kacli   molecule  must  expand   against  the  ]n-es- 

of  llie  air.  and  a.s  Hie  total  surface  exposed  to  the 

|iressnre  beconics  greater,  it  means  more  work,  which 

ires  more  heal. 

When  it  gets  to  be  steam,  the  molecule  is  nearlv  1700 
-  larg(>r  than  when  it  was  water,  and  in  e\])anding 
I.  much  there  has  lieen  a  lot  of  work  done.  Tlie  (|uantity 
of  this  heat  energy  used  depends  on  the  amount  of  ex- 
ternal force  (pressure)  it  has  to  overcome — that  it  has  to 
juish  back  and  the  distance — to  make  room  for  itself. 
It  is  our  old  arrpiaintance  fool-poinuh  again.     If  it  has 


the  atmospheric  jircssuri'  only  to  worlc  against,  it  rc(|iiirc;- 
a  certain  amount  of  heat  energy,  liul  as  the  picssure  in- 
creases, it  has  to  have  more  heat  energy  because  of  ihe 
greater  work  it  has  to  do. 

''A^'e  know  that  if  we  burn  coal  undi'i-  the  lioiler  ami 
make  steam,  which  is  used  in  the  engine:  thai  is.  <(>ii- 
verting  heat  into  energy  in  the  oi-dinary  way.  lUil.  along 
in  1840  to  18-li)  an  Englishman.  Doctor  Joule,  ])i-oved 
that  licat  was  not  a  material  substance,  as  was  tlieii  com- 
monly believed,  but  eiicryij  which  could  bo  a|i|)]ie(]  to,  or 
taken  away  from,  bodies.  So  he  gut  biisv  ami  de\  ised  a 
means  to  determine  tlie  mecliaiiical  ei|iii\alenl  of  heat: 
tliat  is.  how  many  fool-]ioiimls  nl'  en(-i;v  there  were  in 
one  l).1.ii..  or  how  many  li.f.u.  in  a  given  number  of 
foot-)iounds." 

"Tliat  was  some  stunt,  Cliief.  How  did  .loule  do  that?" 

"One  rig  he  used  was  a  copjier  i-ylimler  tuning  lixed 
bailies  or  vanes  inside  and  a  vertical  shaft  in  the  center, 
with  paddles  attached  to  rotate  between  the  balHes. 

"\\'ith  water  in  the  cylimler  there  would  be  consider- 
able resistance,  lie  wound  a  cord  around  a  spool  on  the 
up]ier  end  of  the  slial'i.  passed  Ihe  end  over  a  pulley  and 
altaclied  a  weigiit  to  it  so  (hat  the  weight  in  lowering 
would  rotate  the  shaft  and  ])a(lillcs;  this  would  absorb 
];ower  in  agitating  the  water,  which  in  turn  caused  the 
water  to  heat. 

".Toiile  then  put  into  ihi'  cylinder  1  lb.  of  water  which 
was  at  the  temperatiin^  of  ;it»  deg.  V.  'riieii  he  put  on  a 
wi'ight  and  wound  it  up  lo  a  certain  point — and  let  "er 
go.  When  the  wciglit  had  lowered  to  a  ceitain  mark,  the 
lliermometcr  in  llie  water  showed  that  its  temperature 
had  iiici'eased  1  deg.  lie  next  got  busy  with  a  stul)  of  a 
pencil  and  multiplied  the  weiglit  in  pounds  liy  the  num- 
ber of  feet  the  weigh!  had  lowered — fool-pounds  of  work 
required  to  jiroduce  tlie  1  deg.  change  in  temperature.  He 
verified  this  in  a  givat  ninny  dill'erent  experiments  and 
cslablished  what  is  known  as  .loule's  law  of  the  mechani- 
cal equivalent  of  bent. 

"Later,  evperiinents  witji  nioic  refined  ajuiaraliis 
showed  thai  .Ionic's  figures  wore  probably  a  liltle  low  and 
now  i^.H  fool-pounds  is  accepted  as  1he  mcclianical  cipiiva- 
lent  of  1  B.t.u.  The  oilier  way  round,  each  U.t.u.  should 
produce  <  TS  fnol-jioiinds  of  work,  which  wmild  i)e  Ihe 
ca.se  if  none  went  astray  in  the  process  of  li'inisler.  I'.iil 
liiey  certainly  do  get  lost  in  tlie  shullle. 

"So  you  see.  Will,  there  is  nothing  vitv  dilRcult  to 
understand  about  the  mechanical   erpii\alenl   of  lieat." 
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By  a.  D.  Skinnek* 


The  American  engineer  who  travels  Europe,  not  as  a 
sight-seeing  tourist  but  with  a  view  to  studying  engi- 
neering practices,  is  frankly  dumbfounded  when  he  real- 
izes how  far  in  advance  of  his  native  country  the  Euro- 
peans are  in  respect  to  power-plant  engineering  and  effi- 
ciency. The  mediasval  may  exist  in  their  castles  and  old 
rains,  but  not  in  their  power-plant  equipment. 

This  superiority  exists  not  because  there  are  better  en- 
gineering brains  in  Europe  than  in  America,  but  because 
they  have  no  cheap  fuel.  Necessit}'  has  forced  them  to 
conserve  their  natural  resources,  of  which  fuel  is  the  most 
valuable;  and  competition  in  the  building  of  prime  mov- 
ers has  developed  the  fact  that  it  does  not  cost  very  much 
more  to  install  a  plant  that  develops  a  brake-horsepower- 
hour  on  8  or  9  lb.  of  steam  tlian  to  build  one  that  uses 
twice  or  three  times  that  amount. 

It  is  one  thing  to  demand  an  economical  plant  hut  quite 
another  to  make  sure  that  you  have  it.  Therefore,  nearly 
every  steam  engine  installed  in  England  and  on  the  Con- 
tinent is  tested  for  economy  by  tlie  purchaser  after  he  has 
operated  it  a  few  months,  and  before  he  has  made  final 
payment. 

The  maintenance  of  economy  is  often  assured  by  having 
the  plant  tested  every  few  years.  The  result  is  that  engine 
builders  fight  over  a  difference  of  a  few  grams  in  their 
economy  guaranties.  Several  engine  builders,  Ijotli  in 
England  and  on  the  Continent,  informed  the  author  that 
only  in  exceptional  cases  did  the  purchaser  accept  an  en- 
gine without  making  an  economy  test. 
■  Maintenance  of  higli  economy  rather  than  first  cost  is 
therefore  the  factor  that  decides  the  selection  of  prime 
movers. 

Germany  seems  to  ha\e  taken  the  lead  in  the  develop- 
ment of  power-plant  efficiency.  That  they  have  been  work- 
ing along  these  lines  for  years  is  exemplified  in  the  power 
plant  of  the  Wertheim  store  in  Berlin,  where  the  engines 
installed  14  years  ago  are  still  delivering  a  kilowatt-hour 
on  less  than  3  lb.  of  coal. 

The  development  of  the  power-plant  industry  in  Ger- 
many has  been  truly  wonderful;  and,  without  statistics  at 
hand,  the  author  feels  safe  in  saying  that  Germany  is 
building  a  greater  horsepower  of  engines  than  the  United 
States.  Of  the  many  engine  factories  visited,  the  smallest 
employed  700  men,  while  several  had  from  1-100  to  2000 
men  on  their  pay-rolls. 

This  large  output  of  engines  requires  a  corresponding 
output  of  electrical  machinery ;  and  Germany  has  two  elec- 
trical concerns,  each  larger  than  the  largest  electrical 
manufacturing  company  in  this  country.  One  employs 
79,000  men,  and  the  other  83,000.  Their  combined  an- 
nual output  is  valued  at  $197,000,000. 

AYliere  do  all  these  engines  go?  On  account  of  the 
steady  industrial  growth  of  Germany,  a  great  many  do 
not  go  outside  of  the  confines  of  the  empire.  Tlie  power 
companies,  which  are  for  the  most  part  municipally  owned, 
and  almost  without  exception  profitably  operated,  are  not 
permitted  to  niake  discriminatory  rates  in  favor  of  the 
large  consumer  wliich  force  the  helpless  small  consumer 
to  pay  for  the  resultant  loss. 

•Vice-president.  Skinner  Engine  Co. 


The  result  is  that  the  small  consumer  gets  his  current 
at  less  than  half  the  charge  made  in  the  United  States, 
the  large  consunier  makes  his  own  power,  and  the  publicly 
owned  power  companies  are  making  money. 

The  power  equipment  not  used  at  home  is  exported  to 
all  parts  of  the  globe.  As  every  American  engine  builder 
knows  to  his  sorrow,  the  Germans  have  taken  from  him 
practically  all  his  exjjort  trade  in  South  America,  China, 
Japan,  Russia  and  Africa,  largely  because  they  build  a 
more  economical  engine. 

People  who  installed  power  plants  11  years  ago,  which 
still  develop  a  kilowatt-hour  on  less  than  3  lb.  of  a  rather 
poor  grade  of  coal,  would  probably  not  be  content  with 
even  this  remarkable  achiexenient;  and  it  is  therefore  in- 
teresting to  learn  what  tlioy  have  been  doing  since  that 
time. 

They  have  developed  a  single-cylinder  engine  with  two 
inlet  valves,  and  no  exhaust  valves — unless  the  piston  may 
be  called  such — which  gives  as  good  economy  as  a  triple- 
expansion  engine  with  12  valves,  together  with  the  con- 
sequent complicated  gearing. 

iloreover,  this  engine  uses  practically  no  more  steam 
per  indicated  horsepower-hour  at  one-fourth  load  than 
at  full  load,  making  it  unequaled  for  variable  loads. 

A  test  on  an  lSx20-in.  Unaflow  engine,  by  Prof.  Bache, 
of  the  Technical  High  School  of  Copenhagen,  in  1910, 
showed  a  steam  consumption  per  i.hp.  per  hour  of  9.0, 
9.3,  9.5  and  9.7  lb.,  with  the  respective  loads  of  116,  149, 
184  and  222  hp.  The  engine,  of  course,  was  operating 
condensing  and  with  superheated  steam.  Tests  on  a  300- 
hp.  Unaflow  engine  have  shown  a  steam  consumption  as 
low  as  8.8  lb.  per  i.hp.  per  hour. 

The  Unaflow  engine  is  no  longer  an  experiment  in  Ger- 
many, but  is  built  by  practically  all  of  the  leading  en- 
gine" builders.  So  far  over  1,000,000  hp.  is  in  actual 
operation. 

Gebriider  Sulzer  have  built,  at  the  Ludwigshafen 
Works,  over  (iO.OOO  hp.  of  Unaflow  engines,  and  while 
the  author  was  in  their  plant,  he  was  informed  that  they 
had  orders  on  their  books  for  30  Unaflow  engines,  some  as 
large  as  2000  hp. 

Ehrhardt  &  Sehmer,  of  Saarbriicken,  who  employ  2000 
men  in  their  excellently  equipped  shops,  have  built  nearly 
200,000  hp. ;  and  to  them  belongs  the  credit  of  building 
the  largest  Unaflow  engine  in  existence.  This  engine  is  of 
GOOO  hp.  nominal  capacity,  and  is  installed  in  the  plant 
of  Gebriider  Podding,  at  Volklingen.  It  is  directly  con- 
nected to  a  train  of  rolls,  and  is  capable  of  giving  an 
economy  of  8.5  lb.  of  steam  per  i.hp.  per  hour. 

The  load  on  this  engine  fluctuates  from  0  to  6000  or 
7000  hp.  every  few  minutes ;  and  the  designing  and  build- 
ing of  a  single-cylinder  engine  to  operate  under  these  se- 
\'ere  conditions,  and  at  the  same  time  to  give  the  highest 
economy  under  all  conditions  of  load,  represents  one  of 
the  greatest  steam-engineering  feats  ever  recorded.  On 
account  of  its  immense  size,  the  engine  is  very  poorly 
depicted  in  Fig.  1. 

The  first  locomobile  builders  who  adopted  poppet  valves 
and  Unaflow  cylinders  were  the  :Maschinenfabrik  Badenia, 
at  Weinheim,  "who  have  now  built  over  1000  poppet-valve 
Unaflow  locomobiles,  of  a  total  capacity  of  200,000  hp. 
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Fifty  in  different  stages  of  completion  were  to  be  seen 
on  the  author's  visit  there. 

The  adoption  of  the  Unaflow  principle  for  locomobiles 
in  Germany  was  undoubtedly  hastened  by  the  publication 
in  the  Zeitschrift  des  Vereines  Deutscher  Iiujenieure  of  a 
series  of  tests,  after  several  years'  operation  under  average 
operating  conditions,  on  twelve  different  locomobiles, 
where  the  average  fuel  consumption  was  found  to  be  5.93 
11).  per  kw.-hr.,  when  operating  condensing  and  with 
superheated  steam. 

Unatlow  steam  cylinders  are  now  being  extensively  used 


tlie  Unaflow  has  made  serious  inroads  ujion  the  counter- 
flow  steam  engine. 

England  was  not  many  months  behind  Germany  in  tlie 
adoption  of  the  Unaflow  engine ;  and  already  many  tliou- 
sand  horsepower  ha^■e  been  built,  both  for  home  consump- 
tion and  for  eastern  colonies. 

Fig.  2  shows  an  interesting  replacement  in  the  plant 
of  the  Salford  Corporation,  where  three  steeple-compound 
cylinders  on  a  1200-hp.  engine  were  replaced  with  Unaflow 
cylinders.  The  original  engine  consumed  25.25  lb.  of 
steam  per  kw.-hr.,  which  is  equivalent  to  15.8  lb.  per  i.hp.- 


TiiE  Un.vflow  Enuine  IX  EiniOPE 


Fifr.  1.     Six  thousand  horsepower  in  a  sinple  cyUnder.     FiR.  2 
FiK.    :i.      .\    Sulzer    Uros.    Ununow.      FlK-    ^ 

on  air  compressors  in  (Germany,  being  ideal  for  this  service 
on  account  of  the  iiigh  economy  under  intermittent  loads. 

The  Prussian  Ilailway  has  in  operation  fourteen  Una- 
flow  locomotives,  and  has  since  ])urchascd  sixteen  more, 
after  many  careful  tests,  which  have  demonstrated  a  sav- 
ing of  nearly  30  per  cent,  over  the  counter-flow  type. 

Unaflow  locomotives  are  now  being  u.sed  extensively 
liotli  the  Russian  and  Austrian  railways,  and  England 
-ting  out  her  first  Unaflow  locomotive. 

Tlie  l)est  evidence  of  (icrman  activity  is  found  in  the 
:  I' t  that,  while  the  Unaflow  principle  is  old,  its  ])rac- 
li'^d  application  to  steam  engines  was  not  seriously  at- 
t' inpted  until  four  years  ago*:  and,  in  tliis  short  time, 

I  'This  article  was  wrlttpn  mori-  tlinn  a  year  ago.  There  are 
eviii  more  Unaflow  engines  now  llian  the  writer  counts. 


ITnaflow    eimine    In    foreKround    replaces   steeple   compound. 
Typical    German    I'naflow   iiislallation. 

hr. ;  while  the  Uiiallow,  on  test,  obtained  a  steam  consuni])- 
ti(m  of  1?.  15  II).  ]icr  kw.-hr.,  or  10.9  lb.  i)er  i.hp.-hr. 
This  was  with  150  lb.  working  ])reiesure,  25  in.  vacuum, 
and  only  80  deg.  F.  superheat.  The  purchasers  expect  to 
replace  the  compound  cylinders  of  their  five  remaining 
engines  with  Unaflow  cylinders. 

The  American  who  visits  William  Jessups  &  Sons, 
Ltd.,  Sheffield,  will  find  that  the  last  engine  they  installed 
was  a  Unaflow;  and,  if  he  inspects  the  munici|)ally  owned 
central-station  plant  at  Shcllield,  he  will  be  chagrined  to 
see  a  600-kw.  compound  Corliss  engine,  of  American  man- 
ufacture, that  has  not  been  in  operation  since  they  in- 
stalled a  Unaflow  engine  a  short  time  ago. 

One  English  manulacturor,  who  builds  both  steam  tur- 
bines and   Unaflow  engines,  recommends  the  latter  type 
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for  capacities  of  ^50  k\v.  and  less,  Lut  states  tliat  alnive 
these  sizes  the  increased  cost  of  land,  building,  founda- 
tions, etc.,  due  to  the  installation  of  the  reciprocating 
engine,  more  than  offsets  the  gain  by  reason  of  better 
economy. 

In  Germany  and  Belgium,  however,  the  reciprocating 
engine  seems  to  lia\c  the  preference  over  the  turbine,  even 
in  capacities  up  to  1500  k\v.  In  comparing  the  Una- 
flow  to  the  turbine,  it  should  he  remembered  that  practic- 
allv  all  tlie  steam  plants  in  Europe  are  o])erated  condens- 
lUii',  and  the  noncondensiug  turliine  is  nowliere  in  evidence. 


The  vahiu  oL'  superheat,  e^en  fur  small  plants,  was 
realized  many  years  ago,  and  one  will  lune  to  go  far  in 
Europe  to  see  a  modern  plant  operating  with  saturated 
steam;  the  result  being  that  the  Corliss  valve  was  largely 
superseded  liy  the  poppet  \alve  on  large  stationary  en- 
gines, and  by  the  expandinn  piston  val\e  on  the  locomo- 
biles. 

Xow  that. the  three  largesti  locomobile  builders  have 
adopted  the  popjjot  valve,  this  ty])e  of  valve  is  left  in  un- 
disputed supremacy  on  the  Continent,  and  is  the  typical 
Euro2Jean  valve. 

SI 


By  Osborx  MoxxETTj 

SYNOPSIS — Typical  installat'wn.i  of  chain  gralc^  viulcr  It  is  a  simple  matter  to  apply  the  chain  grate  to  the 

]ionzo)itall)j  bafficd  boilers  of  different  types.     TiU'-ronf      ordinary  Heine  type  setting.     The  important  dimension 
furnaces  and  vertical  hafjles.  ■        is  tbe  distance  from  the  floor  to  the  bottom  of  the  front 

header,   and    for  good   operating  conditions  this  should 
generallv  l)e  not  less  than  T  ft.  (i  in.  with  a  horizontal 


Fia.  ;>.  S.  &  S.  Cji.ux  Cijate  uxdefi  4Go-ni>.  IIiuxe 
Boii^Ei: 


Fui. 


1.  Mui;i;ay  300-Ht\  "\Yatkii-Tube  Boii.Eit  axd 

UUEEX   CliAIX  Gr.ATE 


Fig.  4.  Lyons  3(10-11 1*.  Boiler  axd  McKex'zie  Chain 

Geate 

grate  or  7  ft.  with  an  inclined  grate.  Fig.  1  sliows  a 
typical  installation  consisting  of  an  inclined  Green  chain 
grate  and  a  ^Inrray  water-tube  boiler.  As  the  grate  is 
inclined,   the   bead    room   for  the   setting  is   reduced   to 


Fig 


2.  Laclede-Ckristy  Stoker  uxder  .^OO-TIp.  B.  &'  W. 
Boiler  with  Sewell  Bai'fle 


♦v'opyright.    ]!)14.    by   Osborn   Monnett. 
f.Smoke  inspector,  city  of  Cliicasro. 


October  20,  \9U 


POWEE 


561 


;  ft.  without  restricting  the  area  over  the  bridge-wall, 
which  in  all  eases  should  he  at  least  25  per  cent,  of  the 
active  grate  surface,  llnstallations  of  this  kind  should 
never  be  made  flush  front,  as  this  arrangement  does  not 
give  the  flame  travel  required  before  the  gases  come  in 
contact  with  the  heating  surface^\  The 
illustration  shows  a  minimum  5-ft. 
arch  and  a  4-ft.   extension   from  the  _ 

gate  to  the  front  header.  /High-]M-es- 
sure  water-backs,  such  as  are  shown  in 
this  illustration,  are  considered  good 
practice,  as  they  form  a  rigid  and  per- 
manent support  for  the  bridge-wall. 

Fig.  2  shows  a  500-hp.  B.  &  W. 
boiler  wdth  a  Laclede-Christy  chiiiii 
grate  having  a  head  room  of  8  ft. 
under  the  header.  A\'ith  this  type  of 
boiler,  which  has  a  tube  pitch  in  ex- 
cess of  other  horizontal  water-tiibe 
boilers,  8  ft.  is  the  minimum  head 
room  which  should  be  allowed  with  the 
horizontal  baffle.  This  obviates  the 
danger  of  restricting  the  opening  over 
the  bridge-wall  and  the  combustion 
chamber  itself,  which  would  tend  to 
"bottle"  the  heat,  with  disastrous  ef- 
fects on  the  briclovork.l  This  illustra- 
tion shows  the  SeweTl  baffle.  With 
natural  draft,  it  is  not  advisable  in 
the  average  case  to  use  this  baffle  on 
boilers  less  than  14  tubes  high,  as  the 


restriction  in  the  gas  passes  -n-ill  reduce  the  capacity  and 
increase  the  maintenance  cost.  This  baffle  "kills"'  the 
pull  of  the  stack  and  does  not  allow  sufficient  draft  over 
the  fire  to  accomplish  the  desired  results.  With  a  14-tube 
Iiigh  or  a  douljle-deck  boiler,  Sewell  baffle  works  out  well. 


FiCx.  7.  Fi7iK  City  Boilek,  o26  ILf.,  with  Two  Rows  of  Tubes  Bake 
FoLL  Length.   Laclede- Chuistt  Stoker 

Figs.  3  to  6  illustrate  horizontally  batlled  boilers  of 
different  types.  The  head  room  varies  with  the  type  of 
boiler  and  the  pitch  of  the  tubes.  All  of  the  boilers  can 
be  installed  with  the  head  room  for  the  furnace  varying 
from  7  to  8  ft.,  the  average  being  a])out  7  ft.  G  in.  for 
the  ordinary  installation. 

With  the  long  run  of  baffling  forming  a  tile  roof  over 
the  combustion  chamber,  the  temperatui'e  in  some  cases 
l)ecomes  so  high  as  to  cause  an  excess  nuiintenance  charge 
for  brick  work.  To  relieve  this,  the  expedient  shown  in 
Fig.  6  has  been  adopted  with  success.  In  this  installa- 
tion, with  a  head  room  of  (5  ft.  6  in.  under  the  front 
header,  the  box  tile  on  the  front  end  of  the  lower  tubes 


■Fir,.  5.  Hawkes  Boilek.  l/iO  llr..  with  Sitekheatek 

AND  CoXTIXEXTAL   ClfAIX    GkATE 


i  ^    C'.'  8-6x9-0 


iKio.  6.  EiHiK  ^looi!  WATi;i!-Ti-iiE  Boilek   wn  fJiM-EV 

IXCLIXEO    C'lIAIX     OkATK 


Fi(!.  8.  B.  &  \V.  BoiLKK.  .500  Up..  Vektically  Baffleii 
WITH    'I'li.E-liooi-  Settixo  A\n   I'..  &   W.   Stokek 
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lias  hovn  nnmnt'd  foi'  u  distuiUH'  of  4  It.  aiul  'J'-lile  mh- 
stitutod.  This  inc-ivases  the  heat  absorption  by  the  tubes 
and  lowers  the  temperature  of  the  furnace  to  a  point 
where  the  briekwork  can  stand  it.  Appai-enlly  it  lias 
no  detrimental  effect  on  the  smoke  performance.  In  trav- 
eling along  the  heating  surface,  the  Hame  is  not  "killed" 
as  rapidly  as  wlien  passing  into  a  bank  of  tubes.  Conse- 
ipiently.  with  the  chain  grate,  a  horizontal  run  of  tubing 
can  be  bared  to  an  extent  necessary  to  maintain  the  fur- 
nace temperature  at  a  ])oint  low  enough  to  prevent  ex- 
cessive wear  and  tear  on  the  brickwork.  Fig.  ",  shows  a 
setting  in  which  the  (irst  two  rows  of  tubes  have  l)een 
bared  for  their  full  lengili  \\iilioiit  any  del  riiueulal  ef- 
fect on  the  smoke  ])erfoi-uiancc. 

Tii.K-liooK  Fn!\ACi;s 

It  is  possible  to  obtain  vertical  gas  passes  in  a  boiler 
and  at  the  same  time  get  the  long  flame  travel  given  by 
the  horizontal-pass  baflle,  by  using  the  tile-roof  setting 
shown  in  Figs.  8  and  !>.  Fig.  S  shows  the  stoker  mider 
the  back  end  of  the  l)oiler  directly  under  the  mud  drum, 
and  the  tile  roof  extending  to  the  first  gas  pass,  after 
wliicii   the  passes  are  similar   to   the  standard    vertically 


Fid.  9.  Geary  4fO-Hp.  Boileij  and  OitEi;^  Inc 
CiiAix  OtiATE  WITH  Bejient  Tit.e-Rdoi'  Sin'T 

balllcd  water-tube  boiler,  with  the  flue  gases  taken  olV  at 
the  back  end.  This  style  of  setting  has  given  good  sat- 
isfaction on  high  capacities  when  amjile  head  room  was 
obtainable. 

Fig.  !)  shows  the  stoker  under  the  fronl  end  oF  the 
boiler  as  usual.  The  tile  roof  extends  over  the  bridge- 
wall  as  in  the  ordinary  horizontally  baffled  boiler,  and 
there  are  three  vertical  passes.  The  uptake  is  around  the 
drums  at  the  front  of  the  boiler.  These  settings  have  all 
(lie  advantages  of  the  horizontally  baffled  boiler  in  the 
way  of  flame  travel,  etc.,  and  at  the  same  time  have  the 
advantages  accredited  to  the  vertically  baffled  boiler.  The 
examples  given  are  boilers  with  diffei'ent  tube  pitch  and 
stoker  construction.  These  factors  influence  the  head 
room  required. 


Power  from  SeivaKe  Ga« — A  16-hp.  pra.s  engine  operates 
rcKul.irly  on  sewer  -^as  in  tlie  sewage  pumping  station  at 
I-'araniatta,  AustraHa,  says  a  correspondent  in  "The  Vower 
User."  The  gas  is  drawn  directly  from  the  sciitip  tanl<s 
tlnrough  3000  ft.  of  pipi. 


111  the  operation  of  a  refrigeration  plant,  the  liquid 
niiiiuouia  sometimes  gnulually  disappears  from  the  re- 
reiver,  and  many  are  puzzled  to  know  where  the  liquid 
has  gone. 

The  most  frequent  can.se  is  the  storing  of  the  liquid  in 
the  ammonia  condenser,  if  this  apparatus  is  made  of  two 
or  inoic  |ii])e  coils.  This  condition  is  brought  about  by 
the  uiic\cii  (listriluitioii  ol'  the  hot  ammonia  va])or 
tlirou^lioiit  liie  roiidciisci-  roil,--,  and  lliis  action  is  in  turn 
greatlv  iiitluciiccd  by  the  iiiii foruiity  of  the  distribution 
of  the  cooling  water  tlirougb  or  o\cr  tlw  coils,  depending, 
on  what  kind  of  i-oiidcnser  is  used.  If  any  one  or  moi'e 
coils  are  riiriiished  a  greater  (juantity  of  water  than 
others,  or  arc  so  locati'd  as  to  receive  a  .smaller  amount  of 
hot  vapor,  a  lower  ])ressure  will  be  created  in  this  section 
of  the  condenser,  causing  a  llow  of  li(iiiid  into  it  from  the 
liquid  main. 

It  often  hap])ens  that  the  flow  of  lic|uid  into  one  or  more 
sections  is  so  strong  that  some  of  the  annnonia  vapor  is 
drawn  through  the  li<|uid  outlet  of  one  or  more  of  the 
other  sections  or  stands.  This  may 
be  detected  by  flic  beating  of  these 
connccf iinis.  When  these  pipes  arc 
closed  olf,  the  hot  vapor,  coming  in 
liirger  iiuantities  into  the  conden.ser 
in  which  the  liquid  is  store.d,  will 
force  the  liquid  back  into  the  re- 
ct'ivcr,  sometimes  Idling  it. 

Usually  it  is  diflicult  to  overcome 
this  trouble,  although  it  is  due  mostly 
to  improper  equalizing  of  pressure  in 
the  high-pressure  end  of  the  plant. 
C)iie  will  often  liiid  it  ]ieli)ful  to 
Ibiuttlc  tlic  bot-gas  \al\es  in  the  con- 
denser so  that  each  is  oi)en  about  one- 
half  turn.  This  may  make  the  eon- 
di'iiser  jn-essure  drop  a  jiouml  or  two, 
lint  better  distribution  of  the  gas  of- 
ten follows  this  action. 

If  the  trouble  is  that  the  liquid  has 
gone  into  the  direct-expansion  I'oils 
when  these  coils  are  below  the  suction 
line  of  the  compressor,  the  rea.son  for  it  remaining  there  is 
generally  because  these  coils  have  frosted  or  become  cov;i 
ered  with  ice,  which  prevents  active  evaporation  of  the 
li(|uid  in  the  coils.  If  the  liquid  stores  in  the  condenser 
coils,  it  usually  returns  from  time  to  time  to  the  receiver, 
i)ut  when  it  stores  in  the  cooling  coils  it  disappears  gradu- 
ally and  remains  in  them  until  they  are  defrosted  or  the 
liquid  is  pumped  out. 

Jlany  engineers  favor  the  use  of  a  low-pressure  liquid 
receiver  and  a  liquor  pump  for  draining  the  liquid  from 
the  coils  and  forcing  it  back  to  the  receiver.  This  may 
be  put  in  at  little  cost,  consiilering  the  convenience  which 
it  afl"ords. 

Reinoviuj;:  Rust — Articles  attaclsed  by  rust  are  said  to  be 
conveniently  cleaned  by  dipping  thein  in  a  well  saturated 
solution  of  stannic  chloride.  12  to  24  hours  sufficing  according 
to  the  thickness  of  the  rust.  An  excess  of  acid  in  the  solvit 
tiorf  must  be  avoided.  After  the  objects  liave  been  removed 
fiom  the  bath  they  must  be  rinsed  with  water,  then  witi 
ammonia,  and  quickly  dried.  They  are  said  then  to  resembfl 
(load   silver. — "Iron   Age."  f 
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By  Gordon  Fox 


SYNOPSIS — Mechanical  feature.':  of  a  motor  instaUa- 
iion,  including  methods  of  mounting  and  type  of  drive. 
Charts  are  included  for  determining  pulley  and  belt  data 
and  selecting  the  proper  gear  ratios. 

W. 

Motors  may  be  mounted  upon  driven  machines  or  upon 
the  floor,  side  wall  or  ceiling,  and  may  drive  through 
eoupliags,  gears,  chains,  belts  or  rope  transmissions. 

When  mounted  upon  tht.  floor,  it  is  best  to  use  a  base 
or  provide  some  means  of  keeping  the  motor  above  the 
dirt  and  moisture  with  sufficient  space  for  sweeping.  A 
base  is  better  than  rails,  especially  where  the  floor  is 
uneven,  due  to  the  tendency  of  rails  to  settle  away  from 
a  plane  surface,  ilotor  bases  should  he  heavy  enough  to 
retain  their  shape  under  stress.  A  good  method  of  in- 
suring permanent  alignment  is  to  fasten  the  base  down 
by  lag  screws,  try  out  the  motor  and  determine  its  final 
position,  then  pour  lead  around  the  lag  screws,  filling  in 
the  space  in  the  bolt  holes.  Large  motors  may  be  neatly 
installed  by  providing  a  concrete  foundation  and  anchor 
bolts,  the  motor  Ijeing  aligned  with  wedges  and  grouted 
in.  ^lost  motors  are  built  with  considerable  end  play. 
By  magnetic  attraction,  the  rotor  and  the  stator  are 
drawn  opposite  one  another  when  in  service,  and  if  the 
siiaft  is  not  level,  two  opposing  forces  act  upon  it  and 
an  end  pound  results. 

Motors  may  1)e  readily  arranged  for  side-wall  suspen- 
sion by  shifting  the  bearing  brackets  through  !I0  deg. 
They  are  sometimes  attached  to  the  ceiling  for  driving 
through  the  floor  to  macliiues  above.  As  the  motor  usually 
has  a  small  pulley,  it  is  necessary  in  such  cases  to  bear 
in  mind  that  the  weight  of  the  belt  decreases  the  tractive 
power.  It  is  not  good  practice  to  hang  small  direct-cur- 
rent motors  directly  from  the  ceiling,  as  they  are  inac- 
cessible and  do  not  receive  proper  attention;  some  sort 
of  rack  should  be  provided. 

Direct-connected  motors  are  best  mounted  as  to  be 
intrinsically  a  part  of  the  driven  machine.  This  is  ad- 
visable for  the  sake  of  retaining  alignment,  but  is  not 
always  necessary.  Usually  some  form  of  bracket  or  plat- 
form is  arranged,  and  if  it  is  not  possible  to  attach  this 
to  finished  surfaces,  it  may  be  bolted  to  any  part  of  the 
Vnacliine.  The  motor  may  be  aligned  and  the  bracket 
forced  into  position  with  wedges.  A  dam  is  then  placed 
nround  the  feet  of  the  bracket  and  any  spaces  filled  witli 
lead. 

Couplings 

^"lixible  or  solid   cou])lings  may   be  used   for  direct- 

I  ted   motors.      FicxiliJc   couplings   sliould   be   used 

\er  there  is  vibration  in  tlie  driven  machine,  where 

is  any  possibility  for  relative  inovenienl  of  motor 

niachine,  and  where  an  end  thrust  occurs  which  might 

'■■  imposed  upon  the  motor;  they  may  also  be  used  aa 

'    il;itors.     The   most  common   kinds   are,   leather-link 

I'fither-lnced  belt  couplings  and  rubber-bufTer  coup- 

The  leather-link  and  rubber-buffer  types  arc  com- 

'•'  used  in  snuill  and  medium  sizes,  while  the  leather- 

'   type  finds  favor  for  more  severe  work.     There  is 

'    difficulty   in   securing  uniform   rubber  which   will 

'  t  lin  its  elastic  properties.     Ijeather  couplings  are  not 


suitable  in  the  presence  of  flying  grit,  oil  or  moisture. 
Solid  couplings  of  the  flange  and  compression  types  are 
tlie  most  commonly  used. 

Belt  Drive 

Belt  drives  are  simple,  flexible,  inexpensive  and  elastic, 
affording  protection  to  the  motor  in  case  of  overloads  and 
shocks.  The  drive  occupies  considerable  space,  however, 
is  not  so  positive,  and  has  a  relatively  high  maintenance 
cost.  Belt  drives  are  undesirable  for  widely  fluctuating 
loads,  as  heavy  tension  must  be  maintained  for  carrying 
the  peaks  and  the  losses  under  the  light  loads  are  pro- 
portionately high. 

The  power  which  can  be  transmitted  by  a  belt  varies 
with  the  speed,  increasing  nearly  in  direct  proportion 
until  a  linear  speed  of  about  4.500  ft.  per  min.  is  reached. 
Beyond  this,  on  account  of  increased  centrifugal  stresses, 
the  effective  transmitting  power  is  reduced.  Belt  speeds 
between  2000  and  4000  linear  ft.  per  min.  are  conserva- 
tive values.  Ordinarily,  about  1000  ft.  per  min.  is  the 
minimum  and  5000  ft.  per  min.  the  maximum.  It  is 
most  economical  to  operate  belts  within  the  range  of  con- 
servative speeds,  due  to  lower  first  cost  and  maintenance 
and  minimum  power  loss.  Where  very  low  speeds  are 
used,  wide  belts  are  required.  The  center  of  the  belt 
then  overhangs  the  motor  bearing  some  distance  and  trou- 
ble may  ensue.  Decrease  of  contact  surface  means  higher 
belt  stresses,  due  to  gi-eater  tension  required  to  prevent 
slipping.  "Wlierever  possilile,  the  lower  side  of  the  belt 
ijhould  be  made  the  driving  side,  so  that  the  sag  may  be 
at  the  top.  In  determining  pulley  sizes,  the  allowable 
clearance  and  the  belt  speed  are  factors  to  consider,  as 
well  as  the  arc  of  contact  on  the  smaller  pulley. 

The  chart,  Fig.  1,  will  be  found  useful  for  determining 
pulley  and  belt  data.  Consider  that  the  speed  of  tlie 
driven  machine  and  its  pulley  size  are  known.  Find  the 
intersection  of  the  horizontal  line  representing  pulley 
diameter  and  the  diagonal  rejjresenting  sjjeed.  The  ver- 
tical at  this  point  represents  belt  ti-avel.  Follow  this  line 
to  the  diagonal  of  motor  speed  and  the  intersection  will 
be  on  the  horizontal  giving  the  motor  pulley  diameter. 
Returning  to  belt  travel,  ordinarily  follow  tliis  to  the 
horizontal  line  representing  180  deg.  arc  of  contact  on 
the  smaller  pullej',  then  proceed  along  the  diagonal  to  the 
horizontal  rejiresenting  the  actual  arc  for  the  case  in 
question,  \\hieh  can  l)e  readily  approximated.  Xow  fol- 
low the  corrected  vertical  to  the  curve  for  type  of  smaller 
pulley  used,  and  the  horizontal  line  at  this  point  will 
show  the  horsepower  ]icr  inch  width  of  belt  desirable. 
From  this  the  values  of  belt  width  and  pulley  face  may 
lie  delerniined. 

Single  leather  belts  should,  in  general,  be  used  for 
widths  up  to  G  in.  and  for  use  on  pulleys  less  than  9  in. 
in  diameter.  Double  leather  belts  should  be  used  for 
most  other  installations  except  the  very  large,  when  triple 
belts  may  he  used.  Rubber  bells  are  elastic,  durable  even 
under  adverse  conditions  of  temperature  and  moisture, 
have  good  tensile  strength  and  are  uniform  in  width  and 
thickness:  their  tendency  to  stretch,  however,  is  often  a 
disadvantage.  Laced  belts  should  not  be  used  for  motor 
ilrives;  endless  belts  are  preferable.     Belts  should  run 
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with  and  not  against  the  lap  at  the  joint,  and  the  joints 
should  be  smooth  to  prevent  jarring.  The  wobbling  of 
belts  is  sometimes  due  to  jjuUeys  having  unlike  crowns. 
Flapping  is  usually  caused  by  slippage  between  some  por- 
tion of  the  belt  and  pulleys,  resulting  from  grease  spots 
on  the  belt.  A  back-and-forth  movement  of  the  belt  at 
the  pulley  is  caused  by  the  edges  of  the  belt  being  of 
unequal  arrangement.  If  the  shafts  are  parallel,  but  the 
pulleys  not  directly  opposite,  the  belt  will  run  to  one  side 
of  the  larger  pulley.  If  the  pulleys  are  opposite,  but  the 
shafts  not  parallel,  the  belt  will  tend  to  run  to  one  side 
of  the  smaller  pulley. 

The  distance  between  centers  of  the  motor  and  driven 
shafts  depends  upon  the  relative  elevation  of  the  smaller 
pulley  and  whether  the  belt  pulls  on  top  or  bottom.  The 
distance  should  be  such  as  to  allow  a  gentle  sag.  Five 
times  the  diameter  of  the  larger  pulley  is  usually  a  safe 
distance,  provided  the  difference  between  the  sizes  of 
pulleys  is  not  too  great. 

The  maximum  advisable  i-atios  of  reduction  through  a 
single  set  of  pulleys  are:  8  to  1  for  motors  about  5  hp., 
6  to  1  for  about  10  hp.,  5  to  1  for  20  hp.,  and  4  to  1  for 
about  50  hp.  If  it  is  desired  to  ascertain  the  smallest 
pulley  under  which  the  motor  bearings  will  give  service, 
this  may  be  done  by  figuring  the  total  belt  tension  re- 
quired, according  to  the  formulas  given  below: 

For  iron  pulleys. 


tension  = 


3  X  horsepower  X  33,000 
belt  travel  in  ft.  per  niin. 


For  wood  pulleys, 


tension  = 


X  horsepower  X  33,000 


belt  travel  in  ft.  per  min. 

Knowing  the  tension  at  the  center  of  the  pulley,  the 
ilistances  between  bearings  and  the  overhang  to  the  pulley 
center,  the  shaft  may  be  considered  as  a  simple  lever,  and 
the  thrust  on  the  bearing  next  to  the  ])ulley  detennined. 
The  thrust  per  unit  of  jn-ojected  bearing  area  may  then 
be  figured  if  the  bearing  dimensions  are  known.  For 
motors  under  ."lO  hp.,  the  pressure  per  square  inch  bear- 
ing area  should  not  exceed  70  lb.  For  larger  motors, 
pressures  up  to  100  lb.  are  allowable  under  favorable  cir- 
(uiiistances.  Since  belt  tension  must  increase  rapidly 
with  a  decrease  of  diameter,  the  limitations  imposed  by 
the  bearings  are  usually  the  factors  determining  mini- 
mum diameter  and  maximum  face. 

Where  there  is  insullicicnt  space  between  the  jmllry 
i-culers  to  permit  an  open  belt,  or  wliere  the  ratio  of 
peed  reduction  desired  is  too  great  for  open  belting,  or 
ivliere  a  compact  drive  is  desired,  a  belt-lightening  de- 
k'ice  on  th(!  motor  is  warranted.  As  it  alfords  good  arcs 
)f  contact,  low  tx-nsions  may  be  used,  and  (here  is  little 
)r  no  loss  in  efficiency.  Due  to  the  elimination  of  the 
ost  of  a  long  belt,  the  drive  is  usually  no  more  expensive 
han  a  simple  belt  drive.  The  ability  of  the  belt  tight- 
ner  to  decrease  slipj)agc  and  to  lower  maintenance  ex- 
icnse  as  well  as  to  increase  reliability  should  recommend 
Ic  use  in  many  cases. 

Oka  If  Diuvi 

(tear  drives  are  positive,  compact  and  well  adapted  to 
low-speed  work.  They  have  fair  efficiencies,  ranging 
roTii  !)2  to  08%,  but  require  careful  alignment,  are 
.«ually  noLsy  and  transmit  all  shocks  to  the  motor.  The 
ll'i'.vable   ratio  of   reduction    is   limited   bv   the  surface 


speed  of  the  gear,  the  number  of  teeth  and  the  pitch 
diameter.  For  small  motors,  a  10  to  1  ratio  is  allow- 
able, and  for  moderate  sizes,  8  to  1  is  the  maximimi  ratio 
permissible.  The  minimum  number  of  epicycloidal 
teeth  advisable  for  a  pinion  is  12,  but  with  annular  or 
internal  gears,  the  pinion  may  have  as  low  as  eight  teeth. 
When  driven  by  a  larger  gear,  the  minimum  number  of 
epicycloidal  teeth  is  14.  In  calculating  a  given  gear 
reduction,  the  gear  should,  if  possible,  have  a  prime  num- 
ber of  teeth,  so  that  shocks  due  to  a  repeated  cycle  of 
operations  may  be  distributed ;  the  use  of  an  odd  tooth 
prevents  the  same  teeth  from  coming  into  mesh  so  often. 
Gears  are  usually  of  cast  iron  or  cast  steel  with  cut 
teeth,  while  the  pinions  may  be  of  steel,  Ijrass,  fiber,  raw- 
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Fig.  2.     Ch.\rt  for  Computing  Gear  Diuves 

hide  or  cloth,  the  latter  types  usually  having  end  plates 
of  brass.  Steel  pinions  have  excellent  life  and  are  not 
affected  l)y  temperature  or  moisture,  but  are  noisy  and 
cut  quickly  unless  well  lubricated.  Steel  gears  are  about 
twice  as  strong  as  cast  iron  and  should  be  used  when  the 
face  of  the  corresponding  cast-iron  gear  would  be  -1.5  in. 
or  more.  The  cost  of  cast-steel  gears  is  nearly  double  that 
of  cast-iron  gears.  The  jiinion  is  subject  to  the  nuist 
rapid  wear,  due  to  its  smaller  diauu'ter:  therefore,  it  is 
iin|)ortant  to  have  a  ]jinion  nf  good  wcai-iiig  (|ualities  a.'^ 
well  as  of  sudicient  strength. 

Iron  and  steel  gears  ordinarily  become  noisy  at  about 
800  ft.  per  min.  linear  surface  speed,  but  may  not  be- 
come disagreeably  noisy  below  1200  ft.  jier  min.,  or  even 
higher. 

Where  it  is  desired  to  attain  high  surface  speeds  with- 
out noise,  brass,  fiber,  rawhide  or  cloth  pinions  may  be 
used.  Brass  pinions,  although  somewhat  quieter,  have 
shorter  life  than  steel.  They  are  partiiMilarly  adapted  to 
conditions  of  heat  and  moisture  prohibiting  the  ii.se  of  a 
iKinmetal  pinion,  but  where  noise  is  objectionable.  Fiber 
pinions  are  quiet,  but  an-  not  very  rugged  and  arc  sub- 
ject to  deterioration  by  moisture.  IJawliide  ])inions  are 
satisfactory  unles.s  subjected  to  extremes  of  heat  or  moi.s- 
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hire  or  excessive  load  fluctuations  or  frequent  starting, 
stopping  or  reversing.  For  equal  strength,  the  face  of 
rawhide  pinions  must  be  about  2-5  per  cent,  wider  than 
corresponding  steel  pinions.  The  surface  speed  of  a  raw- 
hide pinion  is  limited  more  by  rapid  wear  than  by  noise. 
A  speed  of  2000  ft.  per  min.  is  a  fair  average  limit, 
but  2500  to  3000  ft.  per  min.  may  be  used  under  favor- 
able circimistances  of  attendance  and  lubrication,  in  the 
absence  of  moisture  and  for  intei-mittent  service  where 
the  life  of  the  pinion  is  not  important.  Cloth  pinions  are 
quiet,  not  easily  affected  by  heat  or  moisture,  are  quite 
clastic  and  give  good  service  even  when  subjected  to  strains 
and  shocks."  The  allowable  surface  speeds  correspond  to 
the  values  for  rawhide.  Where  quiet  operation  is  desired, 
it  should  be  noted  that  rigid  and  massive  supports  and 
close-fitting  bearings  both  on  the  motor  and  driven  ma- 
rh\ne  are  conducive  to  a  noiseless  drive.  The  pinion 
should  always  be  placed  as  close  as  possible  to  the  motor 
bearing. 

Fig.  2  -n-ill  be  found  useful  in  the  selection  of  gears. 
Usually  the  horsepower,  speeds  and  approxhnate  distance 
between  centers  are  given.  With  the  gear  ratios  and 
center  line  distances  given,  an  approximate  pinion  diam- 
eter may  be  selected.  To  use  the  chart,  find  the  intersec- 
tion of  the  horizontal  line  representing  the  motor  speed 
with  the  horsepower  diagonal.  From  this  point  follow 
the  vertical  of  torque  to  the  horizontal  representing  1  ft. 
pinion  radius,  then  follow  along  the  diagonal  to  the  hori- 
zontal representing  the  pinion  diameter  selected.  The 
vertical  at  this  point  represents  the  tangential  pressure 
at  the  pitch  line.  Following  this  vertical  to  the  curves 
for  steel  and  rawhide  pinions,  the  approxunate  diametral 
pitch  and  gear  face  can  be  detennined.  The  nearest  com- 
mercial size  that  will  give  a  good  number  of  teeth  should 
be  selected. 

Gears  must  be  kept  well  oiled,  and  at  high  speeds  some 
method  must  be  u.sed,  the  effectiveness  of  which  will  not 
be  destroyed  by  centrifugal  force.  Eawhide  gears  should 
not  be  oiled,  i)ut  should  be  lubricated  with  talcum  and 
graphite  or  graphite  and  lard  oil. 

Worm  gears  are  used  for  special  cases  where  a  large 
speed  reduction  is  desired.  They  are  positive,  quiet  and 
free  from  vibration.  'I'hey  have  low  efficiencies,  ranging 
from  TO  to  SO  per  cent.,  and  require  excellent  machining 
and  good  lubrication.  A  carefully  adjusted  end  thrusl 
bearing  must  also  be  provided.  The  wonn  should  mesh 
v,-ith  the  bottom  of  tlie  gear  and  should  run  in  oil.  If 
the  worm  is  placed  above  the  gear,  it  will  not  receive 
good  lubrication.  Tlie  best  rubbing-surface  speed  for 
worm  gears  is  about  300  ft.  per  min.,  although  speeds 
as  high  as  700  ft.  per  min.  are  sometimes  permissible. 
U'orm  gears  are  not  reversible;  that  is,  tlie  wheel  will 
not  drive  the  worm.  They  can  sometimes  be  used  in  a 
braking  capacity,  due  to  this  feature. 

Friction  drives  are  useful  where  power  is  to  be  trans- 
mitted at  high  speed  and  low  torque,  for  small  amounts 
of  power  and  where  it  is  desired  to  change  the  speed  or 
throw  into  and  out  of  gear  while  in  motion. 

Chaix  Dkite 

The  silent  chain  drive  is  excellent  for  many  applica- 
tions. It  is  quiet  and  efficient,  and  permits  of  compact 
layouts.  Moreover,  it  can  be  used  for  wide  reduction 
ratios,  particularly  where  the  motor  cannot  he  placed 
close  enough  for  gearing.    It  is  a  positive  drive  and  does 


not  afford  protection  to  the  motor  through  slippage.  Its 
first  cost  is  high  and  the  expense  of  maintenance  is  usually 
greater  than  that  of  belts. 

The  center  Ime  distances  for  silent  chain  drives  should 
be  approxunately  equal  to  one-half  the  combined  sprocket 
diameters  plus  half  the  diameter  of  the  larger  sprocket. 
In  a  vertical  .drive,  the  small  wheel  should  not,  it  possible, 
be  the  ujiper  one.  AMiere  feasible,  it  is  best  to  have  the 
pull  on  the  bottom  of  the  chain.  To  provide  for  elonga- 
tion, particularly  in  vertical  drives,  where  the  chain 
tends  to  fall  away  from  the  lower  sprocket,  a  sliding 
base  should  be  usecl.  The  driven  wheel  should  be  flanged. 
Where  the  load  is  of  a  pulsating  character,  it  is  well  to 
use  a  driven  sprocket  with  a  spring  center  to  absorb  flue-  • 
Illations.  Chains  and  wheels  should  be  protected  from 
dirt.  When  operating  at  speeds  above  1300  ft.  per  min., 
tliev  tlirow  off  their  lubricant,  and  therefore  should  be 
inclosed  and  should  run  in  oil. 

Ordinary  square-link  chains  are  used  for  very  slow- 
speed  drives.  They  are  cheap,  positive,  not  affected  by 
moisture  and  can  be  used  in  place  of  belts  under  heavy 
tension.  ^Moreover,  they  do  not  require  maintained  lubri- 
cation. They  are  rated  by  numbers,  as  given  in  the  fol- 
lowing tabulation: 

LINK  CHAIN  DATA 


Average  intimate  Strength 

Chain  Xo. 

No.  Link!>  ia  10  Ft. 

in  Lb. 

25 

133 

700 

35 

74 

1,200 

45 

74 

3,600 

55 

74 

2,200 

66 

fiO 

2,600 

75 

46 

4,000 

85 

30 

7,600 

95 

30 

S.700 

no 

25 

12,700 

The  formula  for  determining  the  horsepower  capacity 
is  as  follows : 

,  nltimate  strength  X  travel 

-'  factor  0/  sa/eti/  X  3.j,0(J0 

The  factors  of  safety  are  as  follows : 

Travel,  ft.  per  min 200         300         400         300         600         700  i 

Factor  of  safety 6  8  10  12  16  20  1 

If  the  load  is  irregular  or  subject  to  shock,  use  highef 
factors  of  safety.  The  working  load  depends  \\\)on  the 
speed  and  the  character  of  th.^  work.  At  increased  s])oe( 
the  chain  is  subject  to  greater  shock  and  requires  high^ 
factors  of  safety. 

Shafting  is  used  in  motor  application  woi'k  largely  f(j 
group  drives.  As  a  guide  to  the  selection  of  sizes,  tli 
following  table  is  included: 

HORSEPOWER  CAPACITY  OF  COT,D-ROI,LED  SHAFTING  FOR 
COUNTERSHAFTS 


Revolutions  per 

Minute 

Sl.aft  Dian- 

ctrr  i 

qIq. 

100 

150 

200 

250 

li  .  ^  . 

7 

10 

13 

17 

11 

.    .        9 

13 

17 

21 

1] 

11 

16 

21 

27 

2 

16 

24 

47 

32 
62 

40 

2i 

.    .        31 

78 

Bearings  for  countershafts  should  be  spaced  about  S 
apart.    Where  feasible,  a  countershaft  should  be  provid^ 
with  not  more  than  three  bearings.     Pulleys  should 
placed  close  to  the  bearing-,  and  if  possible  adjacent  pu 
levs  should  pull  in  opposite  directions. 


Smoke    Abatement    on    the    Pennsylvania — D.    F.    Crawfoif 
superintendent    of    motive    power    of    the    Pennsylvania    Lir 
west,   left   on  July   15  on   an   inspection   trip   over   the  lineal 
see  what  can  be  done  in  regard  to  the  abatement  of  the  smoJC^ 
nuisance.     Mr.  Crawford  is  an  authority  on  this  subject,  s 
has  been  interested  in  the  abatement  of  locomotive  smoke 
more  than  25  years. 


October  20,  WU 


P  0  W  E  E 


567 


By  H.  jr.  Phillips 


SYNOPSIS — Discussing  flic  disfrihution  of  charges  in 
keeping  power-plant  accounts,  the  author  favors  a  fixed 
charge  for  repairs  instead  of  charging  off  amounts  actu- 
ally expended.  Determining  the  cost  of  a  kilowatt  or 
horsepower-hour  before  and  after  purchasing  power. 

The  cost  of  a  horsepower  is  often  difficult  to  determine 
with  justice  to  all  interested.  ^Yhere  power  is  bought 
from  a  central  station  at  a  fixed  price  per  kilowatt-hour, 
the  engineer  and  the  accountant  know  exactly  where  they 
stand ;  the  only  difficulties  lie  in  estimating  the  amount 
of  power  that  will  be  required  for  new  machines  and  in 
dividing  the  total  charge  among  the  different  departments 
or  pieces  of  apparatus.  Xone  of  these  problems  is  likely 
to  prove  serious,  and  the  latter  can  be  eliminated  by  the 
use  of  a  sufficient  number  of  meters. 

The  accounting  department  can  determine  satisfac- 
torily the  cost  of  a  horsepower  in  an  isolated  plant.  The 
cost  of  fuel  supplies  and  labor  cannot  be  disputed;  to 
these  are  added  a  series  of  overhead  charges  which  may 
nearly  double  the  amount  and  may  bring  the  total  up  to 
$60  or  $100  per  horsepower-year,  a  figure  that  the  operat- 
ing engineer  is  apt  to  consider  excessive  and  which  is 
generally  too  high  to  be  used  on  all  occasions. 

The  most  troublesome  items  of  the  overhead  charge  are 
office  expense,  repairs  and  depreciation.  The  power  plant 
usually  requires  a  small  part  of  the  time  of  the  company's 
officials  and  clerical  force  and  no  accounting  can  be  cor- 
rect without  including  it. 

Where  repairs  are  charged  according  to  the  amount 
actually  expended,  that  amount  necessarily  fluctuates 
from  year  to  year,  making  an  irregularity  where  a  fixed 
charge  is  decidedly  preferable.  When  the  fixed  charge  is 
used  it  should  be  consideral)ly  above  the  amount  ordinar- 
ly  expended  from  year  to  year  to  provide  for  the  serious 
break  that  is  likely  to  come  sooner  or  later. 

In  regard  to  depreciation,  the  engineer  may  complain 
that  his  accounts  are  loaded  heavily  with  this  item  in 
spite  of  the  facts  that,  owing  to  the  alterations  and  re- 
pairs which  have  been  charged  to  the  plant,  it  is  actually 
n  better  condition  than  when  first  installed ;  that  during 
;he  years  it  has  been  in  operation  it  has  paid  a  fair  pro- 
portion of  the  cost  of  a  new  outfit  on  these  charges. 
Ijiranted  that  this  is  true,  it  is  certain  that  the  old  jjlaut 
vill  1)0  abandoned  or  replaced,  and  that  it  should  be  made 
o  pay  for  itself  before  tliat  time  conies.  The  proper 
ictho<l  is  to  have  the  charge  diminished  from  year  to 
ear,  so  that  a  plant  whose  theoretical  life  is  nearly  run 
n\\  not  have  to  pay  the  same  as  one  in  tlie  beginning  of 
kg  career;  it  should  never  be  compelled  to  more  than  pay 
9r  it-'elf  on  these  charges. 

Admitting  that  all  of  the  foregoing  items  should  be  in- 
luded  in  the  cost  of  a  horsepower  and  accepting  the 
gurea  obtained  by  the  auditing  department,  there  are 
ill  many  difficulties  in  ap]i]ying  the  figures  to  cases  that 
'equently  arise  to  trouble  the  engineer.  A  central  sta- 
on  offers  to  supply  electric  power  at  a  considerably  lower 
per  horsepower-vear  or  kilowatt-hour  than  tli" 
uount  charged  against  the  steam  plant.  This  is  brought 
|i  the  attention  of  the  engineer  with  the  suggestion  that 


he  reduce  his  operating  expenses;  then  serious  talk  of  pur- 
chased power  follows,  and  perhaps  the  change  is  eventu- 
ally made.  In  many  cases  it  doubtless  pays  to  abandon 
the  old  plant,  and  it  may  be  assumed  that  the  saving  is 
carefully  and  accurately  estimated  before  this  is  done, 
but  during  the  preliminary  stages  the  cost  of  a  horse- 
power, as  figured  in  making  up  factory  costs,  is  the  incor- 
rect basis  of  comparison. 

Omitting  accounting  of  the  cost  of  new  apparatus  and 
of  making  the  change  from  one  system  to  the  other,  what 
is  to  become  of  the  interest  on  the  original  investment 
that  constitutes  a  fairly  large  item  in  the  cost  of  a  horse- 
power? What  is  to  become  of  the  depreciation  charge? 
The  old  equipment  will  be  worth  practically  the  same 
five  years  from  now  as  at  present,  not  much  above 
the  price  of  scrap  iron.  Will  all  of  the  labor  charged 
against  the  cost  of  a  horsepower  be  dispensed  with  and 
no  additional  labor  be  required?  Not  unless  the  present 
system  of  accounting  is  extremely  good.  Steam  will  still 
be  required  for  heating  in  winter  and  probably  for  other 
purposes  all  of  the  year;  there  is  probably  other  apparatus 
that  receives  attention  from  the  engine-room  staff,  and  the 
electric  power  will  require  some  attention.  Admitting 
that  under  the  jDresent  system,  steam  for  heating,  labor 
and  other  expenses  not  actually  expended  in  the  genera- 
tion of  power  that  is  to  replace  electric  power,  are  prop- 
erly charged  on  separate  accounts,  can  those  accounts  be 
carried  at  the  same  cost  under  the  new  system?  The  cost 
of  heating  will  undoubtedly  be  higher,  and  probably  most 
of  the  other  items  also.  For  a  comparison  with  the  cost 
of  electric  power,  the  engineer  can  safely  estimate  the  cost 
of  a  horsepower  as  that  of  the  fuel,  labor  and  supplies ; 
and  he  should  probably  be  able  to  deduct  a  fair  amount 
from  that  figure  or  add  it  to  the  price  quoted  by  the  power 
company. 

A  new  piece  of  apparatus  requiring  power  is  suggested 
for  the  factory  or  engine  room.  Will  it  be  a  profitable 
investment  with  the  high  power  cost  that  will  have  to  be 
charged  against  it?  Assuming  that  it  will  not  overload 
the  phmt,  the  actual  increase  in  operating  expense  will 
be  only  that  of  the  additional  coal  required,  perhaps  half 
of  the  value  obtained  from  the  total  cost  of  a  horsepower. 
In  estimating  the  cost  of  power  for  this  machine  it  will 
be  hardly  fair  (o  charge  it  at  a  lower  rate  than  the  rest 
of  the  plant,  hut  the  only  actual  increase  in  power  cost 
is  for  the  coal  consumed,  and  anything  above  this  will 
he  distributed  as  a  profit  over  the  rest  of  the  plant  in 
the  form  of  a  decrease  in  the  total  cost  of  a  horsepower. 

There  is  aTiother  side  to  this  question.  In  nearly  every 
going  concern  the  amount  of  power  used  shows  a  steady 
increase  from  year  to  year,  and  tlie  time  is  not  distant 
when  there  mu.st  he  an  addition  to  the  power  plant.  The 
new  machine  does  its  share  toward  forcing  nn  extension 
of  the  plant,  even  though  it  is  not  necessary  to  make  the 
addition  for  several  years,  and  slioidd  bo  taxed  accord- 
ingly. 

The  conscientious  engineer  is  always  endeavoring  to 
increase  the  efliciency  of  his  plant  and  fre(|ucntly  it  is 
necessary  to  sjiend  more  or  less  money  to  cfTcct  the  im- 
provement.    Will   it  pay?     This  is  generally  answered 
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bv  the  amount  of  coal  that  will  be  saved.  If  a  horse- 
power will  be  saved,  is  not  the  engineer  entitled  to  the 
same  estimate  that  is  made  for  the  cost  of  a  horsepower? 
If  there  is  g,  saving  of  steam  before  it  reaches  the  engine, 
should  not  all  the  overhead  charges  in  connection  with  the 
generation  of  a  pound  of  steam  be  included  ? 

It  is  true  that  the  only  direct  saving  is  in  fuel,  but  he 
is  also  easing  the  load  on  the  plant  which  may  l)e  the 
means  of  preventing  a  breakdown  at  some  future  date; 
he  is  also  postponing  the  time  when  the  plant  must  be 
enlarged.  The  fact  that  the  amount  of  power  involved  in 
a  single  instance  is  small  should  in  no  way  alter  its  treat- 
ment in  this  respect.  True,  1  hp.  more  or  less  will  never 
cause  a  breakdown  or  mean  enlarging  a  plant,  but  "it 
is  the  last  straw  that  breaks  the  camel's  back."  It  must 
be  remembered  that  this  saving  may  be  one  of  a  hundred 
or  more  similar  ones  that  arise  in  a  few  years. 

Still  another  case  that  is  treated  unfairly  by  using  tlie 
accredited  value  of  a  horsepower-hour  is  the  installation 
of  a  machine  using  a  large  amount  of  power  for  short 
periods  only,  and  with  long  intervals  of  rest.  Such  a  ma- 
chine may  call  for  a  large  portion  of  the  total  plant  capa- 
city while  in  operation,  but  consume  a  comparatively 
few  horsepower-hours  during  the  month  or  year. 

Assuming  that  fuel  constitutes  one-half  the  value  of 
a  horsepower,  it  would  not  be  unjust  to  charge  the  ma- 
chine in  question  with  one-half  the  amount  that  it  would 
require  for  continuous  operation  and  to  add  to  that  the 
amount  of  fuel  it  actually  requires,  or,  what  is  the  same 
thing,  add  its  horsepower-hours  charged  at  half  the  usual 
rate-.  This  method  would  be  too  severe,  especially  if  the 
machine  carried  its  load  for  short  periods  only,  but  a 
higher  charge  should  be  made  than  for  a  machine  that  is 
in  continuous  operation. 

Power  companies  fully  realize  the  justice  of  such  a  sys- 
tem of  charging  and  establish  their  rates  accordingly  at 
the  risk  of  dissatisfied  customers  and  interference  by  legis- 
lation or  public-service  commissions.  Their  customers  are 
provided  with  a  maximum  demand  meter,  which  records 
the  maximum  number  of  kilowatt-hours  used  during  a 
short  period  (fifteen  minutes)  during  the  mouth.  Two 
customers  may  use  the  same  number  of  kilowatt-hours 
recorded  by  the  ordinary  meter  during  the  mouth,  but  one 
will  show  twice  the  maximum  demand  of  the  otuer;  the 
one  with  the  higher  demand  will  be  charged  at  a  higher 
rate  than  the  other.  Such  a  system  is  not  entirely  fair 
for  all  cases,  for  the  customer  showing  the  high  demand 
may  have  been  using  that  amount  for  several  hours  each 
day  during  tlie  time  of  maximum  load  on  the  station  and 
running  comparatively  light  for  the  rest  of  the  time,  which 
would  be  hard  on  the  station  and  deserve  a  high  charge. 

Then,  again,  he  may  have  been  running  a  fairly  con- 
stant load  for  one-half  of  the  month  and  have  shut  down 
the  other  half,  which  would  not  be  so  bad ;  or  he  may  have 
been  running  forthe  entire  month  at  practically  the  same 
rate  as  the  customer  with  half  the  maximum  demand 
reading,  but  have  used  power  at  the  higher  rate  on  a 
single  occasion  for  15  minutes  only  and  during  a  rather 
light  load  on  the  station,  in  which  case  it  would  be  hardly 
fair  to  increase  his  rate.  It  is  practically  impossible  to 
obtain  exact  data  as  to  how  the  customer  uses  power  and 
to  charge  accordingly,  but  the  system  referred  to  is  likely 
to  be  fair  in  the  majority  of  cases  and  is  an  incentive  to 
the  customer  to  avoid  throwing  on  excessive  loads  for 
short  periods.    The  fixed  charge  per  kilowatt -hour,  which 


makes  the  customers  who  use  power  at  a  fairly  uniform 
rate  stand  a  portion  of  the  cost  of  supplying  those  who 
carry  their  load  for  short  intervals  only,  is  certainly 
unfair  to  the  former.  It  is  equally  unfair  to  charge  ma- 
chines that  operate  continuously  with  a  part  of  the  cost 
of  furnishing  power  for  the  one  that  operates  infrequently. 

The  Bloedel-Uouovan  Co.,  Belliugham,  Wash.,  recently 
installed  a  successful  induced-draft  apparatus,  the  mag- 
nitude of  which  can  be  appreciated  by  comparing  it  to 
the  man  in  the  foregroimd. 

This  apparatus  is  designed  to  collect  all  sparks  and  cin- 
ders, and  thus  eliminate  the  fire  risk.     The  cinders  are 


Collector  and  Mechanical  DijAii  Fan 

caught  in  the  collector  and  diverted  into  a  flume  of 
water,  which  empties  into  Puget  Sound. 

The  apparatus  also  makes  it  possible  to  keep  the  lum- 
ber in  the  yards  clean,  and  is  used  ia  connection  with 
boilers  burning  shavings  and  sawmill  refuse.  At  the 
time  the  photograph  was  taken,  the  boilers  were  deliver- 
ing 3:500  hp.,  which  is  greatly  in  excess  of  their  normal 
rating.  This  increase  in  boiler  capacity  is  due  to  thfi 
additional  draft  obtainable  with  the  induced  system. 

Another  advantage  is  that  steam  is  kept  constant  at  any 
desired  pressure.  When  the  pressure  tends  to  decrease, 
the  fan  speeds  up  automatically  and  does  not  allow  the 
pressure  to  drop.  This  enables  the  plant  to  respoiid 
to  sudden  demands  for  more  steam. 

The  iastallation  was  made  by  the  B.  F.  Sturtevant  Co. 
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Tests   of  S^Ibstti totes  for  Grasoline* 

By  J.  A.  MoYEKt 

SYNOPSIS — Comparative     tests    of    l-erosene,    alcohol,  only  the  lightest  distillates,  such  as  would  vaporize  and 

motor  spirit  and  mixtures  of  kerosene  and  gasoline  as  form  an  inflammable  mixture  at  room  temperatures,  were 

substitutes  for  gasoline  in  engines;  also  the  effect  of  water  sold  under  this  classification.     With  the  rapid  develop- 

injection  as  determined  for  each,  of  these  cases  and  air  in-  nient  of  gasoline  engines,  however,  the  conditions  have  so 

jection  for  gasoline  alone.  much  changed  that  the  refiner  now  seeks  to  make  the  pro- 

.„  duction  of  gasoline  from  crude  oil  as  large  as  possible 

„          „            ,  .               i"-'      •    .,          1     p    1         ,   ,.  and  includes  under  this  name  a  large  part  of  the  distil- 
Generally  speaking,  gasoline  is  the  only  fuel  used  for  ,  ,        i  •  i    i        .            •           ti      j.      v          ± 

1-1      ■  \.^.■           i.         1  -1                              i-i-  iates  which  do  not  vaporize  readily  at  ordinary  tempera- 
automobiles  m  this  country,  while  enormous  quantities  are  ,                                     i                     j                     ^          i 

tures 

required  for  farm  tractors,  as  well  as  for  stationarv  and  r>  '                    -.t               r^          .      ,,       •          ,      , 

.  .  J!  11  .  mi  •  0.-  X-  1  •  Compressing  Natuilvl  Gas — Another  important  pro- 
marine  engines  ot  all  types.  The  investigations  herein  »  ,  .  t  ■  .,  .  n  ■  ,  , 
,  -1  J  1  J.  1  J  •  J.1  ±  1.  j.i_  cess  tor  making  gasoline  is  that  or  compressing  natural 
described  were  conducted  during  the  past  year  by  the  t  xi  ?  i  •  xi  •  ,  ,  ,•■, 
T.  ■  ■  Ti  •  J.  c<i  i-  i!  i  -n  1  •  Sas.  in  the  natural-gas  regions  the  gas  is  known  as  wet 
Engineering  -hxpenment  htation  ot  the  Fennsylvauia  i  «i  ?,  i  i-  ■.  t,-  ^ 
c.i.  X  /-I  11  X  1  i  •  XI  1-  1  -i-x  J?  1  3iid  dry,  depending  on  its  condition  as  regards  satura- 
htate  College  to  determine  the  applicabilitv  of  kerosene,  ,-  -,,  ■-,  -.^t^  x  ■  i  ^^  xj;  •  ,  ,  , 
,  ,  ,  ^  -  .,  1  •  X  J!  1-  11  tion  with  oil.  What  is  known  as  wet  gas  is  saturated 
alcohol,  motor  spirit  and  mixtures  oi  gasoline  and  kero-  ■,,            ,.                           t  i  x   i     i         ?        **     -.,-1 

,    ,.,    /    J,             ,.       .           .           ,r     ,  .          ,  with   gasoline   vapors  or   light   hvdrocarbons.**      when 

sene  as  substitutes  tor  gasoline  m  engines.    Most  import-  xi     «     xj?          •        i  •    x   i  x    i  •  i "                      i  i 

,          ,,                    1    ?,       XT    X    J!  XI     ■•    X-        J!       1  the    wet    gas  is  subjected  to  bigli  pressure  and  low  tem- 

ant  results,  as  regards  the  efiect  ot  the  miection  of  water  x        xi            i-                               ■,■,-, 

,.,,.,,                    „  .,''          .  perature,  the  gasoline  vapors  are  condensed  and  are  readilv 

and  air  on  the  capacity  and  economy  ot  the  engines,  were  x   i  j?         xi               mi  •          i     x  j.         x, 

,       ,,   .      1        ix    X         1            ■        X    X     1  X        ■       ii  separated  from  the  gas.     1  his  product  from  the  compres- 

also  obtained,  and  tests  and  experiments  to  determine  the  ■         „       ,       i          .        .         ii-ij        i,.          •, 

,    ,   .                     J.      XI             1-          X-        i!       X        1  sion  ot  natural  gas  is  extremely  light  and  ot  varvinf;  vol- 

underlvmg  reasons  tor  the  peculiar  action  ot  water  when  .-i.,         ,         x          n    i        •     i     -n      i        ■          ,     i 

-,  •    ,     ,,            1      x-i  1        •  X        1    i!        -x      X       ji  atility  and  must  usually  be  mixed  with  a  heavier  petroleum 

sprayed  into  the  combustible  mixture  before  it  enters  the  t  ..ii   ,,          ,          '     t     .                ,.       ,,.. 

,.   J              ,    .             ,.        1  distillate  to  make  a  product  approaching  the  gravity  of 

cvlmder,  are  liemg  continued.  .  ,          ,.       ^                ^ '^             °          i^         J 

•  „i                    X-        J?         1-      i>                                1       •  commercial  gasoline, 

i he  consumption  ot  gasoline  lor  power  purposes  has  111-  ^               "   _,       „     .          ^     ,   ■     ,^           ,,     ^     „ 

1  1  1  •  XI  X  J-  XI  V  1  Cracking— Jiiqually  important  is  the  method  of  con- 
creased  enormously  during  the  past  tew  years,  as  the  tol-  x-  i  ?  i  -i  •  x  i-  i  ,i  ,,  ^ 
,      .   ^  ,  , ,    ^.       _           °                         '  vertmg  heavy  petroleum  oils  into  gasoline  by  the  method 

"            '        '  '  of  "cracking"  or  dissociation,  which  consists  essentially 

^TABLE  1.    CONSUMPTION  OF  GASOLINE  IN  THE  UNITED  STATES  ;„  breaking  up,  by  the  application  of  heat  under  favor- 

1910                                                  5  3-5  000  ^  ^''^^  circumstances,  the  heavy  petroleum  products  into 

mlo^iniat^di::;::;:;::;:;;;;::;:;;^^^  ^iffl^ter   distillates   of   entirely   different   atomic   propor- 

A  few  years  ago,  this  country  supplied  the  world  with  ^r.          .,     ,            />    x    i            .     ,    i   ,      m, 

„„„„i;„„  ■„i-i     •     1010                    i                  1            cfxi  ■'■his  method  was  nrst  demonstrated  by  Thorpe  and 

gasoline,  while  m  1913  our  exports  were  only  one-fifth  -.^             •      ,„^h     ,    ,                 ,-,,•,                   .  „ 

^f  i-u^  i-^4.  1          ■     1  f     J.U     T           T  •     j;      •              X  •  loung,   m    18(1,    but  was  not   developed   commercially 

01  the  total  required  for  the  demand  m  foreign  countries.  .-i    ,      ,  ^„^„      ,        ,,               ,.       ,      ,  .  ,        .        „  ■ 

T+"   n,„   u  •„                    f              X-            ■            XI  •        Ti  until  about  191.^,  when  the  exceptionally  high  prices  for 

It   the    home   consumption   continues   in   anything   like  ,.                   ,' .        ,.     ,         /                      ,  \ 

X.  „    „ .     XI     TT   -i   1  ox  i         -11            1.  ■  gasoline  spurred  investigators  to  an  unusual  degree  to 

the  same  rate,  the  United  States  will  soon  have  no  gaso-  %    .           ^              ,           ,  ,,     ■,          ,   ,„,             ,'=. 
line  to  pvnf   t  "    "''^^'  processes  to  meet  the  demand.  These  early  mves- 
m.         '         '       .                ■     XI       1           1  J-              1-       •  tigators  showed  that  by  aiiplying  heat  to  solid  paraffin,  it 
liie  enormous  increase  m  the  demand  for  gasolino  is  n  ,                x   i  ■   x    xi                    /.  ,     i          ,          , 
,!„„  +«  *i,„          X  •               •     xu            1         X-       X        1  -1  could  be  converted  into  the  vaiwrs  of  hydrocarlions  (par- 
due  to  the  great  increase  in  the  number  ot  automobiles  ^         ^    ^  ,•       -.       ,  ■  ,          t     -i     ,       ,•           ,      ^ 
and  auto  truc-ks.     In  1902  there  were  only  1.5,000;  in  f "  and  olehnes),  .v-l.ich  are  liquid  at  ordnury    cmpera- 
1912,  more  than  900,000  and  in  191-1  it  is  stated  that  one  ^^'''-    ^^{  tiie  simultaneous  app  icat.on  of  both  heat  and 
„  ,,  „f    X             1              11          1         .,nn  nnr.       x        i -i  l)ressurc  to  solul  paramii  in  a  cosed  retort,  these  liquul 
niauulacturer  alone   will    produce   .500,000   automobiles.  ,     ,          ,                \                 ,    -,        ,                ■,    ,.       ^  , 

Tt.  tu^  t„„ f    ™  ifino  X    inio   !■         i-  i         ■    i  liydrocarboiis  can   be  separated  and   removed  from   the 

In  the  ten  years  from  1902  to  1912,  lor  which  period  we  i        ■              i-j       i         -f       •,                    ■  ,           ,.      . 

!,„,.,  XI     .      X             X   1  X     XI             1         f      1  •  1          •  lieavier   constituents.       In     its   commercial    application, 

nave  the  most  correct  data,  the  number  of  vehicles  usHur  c.        i-     „         .,.,..             .,  ,,    ,          ^' 

„„,.  i;,,   !•           f                  1       •              1    •  X    r  1 1       1-1  cracking    consists  in  bringing  a  suital)e  heavy  petroleum 

gasoline  lor  motive  power  has  increased  sixtv-fold,  while  i     x?      xi          -xi          i  x-    i           n           /-x       ^ 

x.„  ,•    ,1,,  x:  ,      f  xi            If          7         »'   7                 X  product  together  with  a  relatively  small  quantity  of  water 

the  production  of  the  grades  of  crude  petroleum,  most  •   x          x    x     -xi       i               ,■         i-  ■              x    i  •    ,  •   ,  , 

,„,-x,.ii,   r  „        I  •              1-       •              II     inn               X  into  contact  with  a  large  surlace  of  iron  or  steel  in  hiffiy 

suitable  lor  making  gasoline  increased  only  100  per  cent,  i      x   i      x    x          i                  ix              -in                    • 

•^          '  heated  retorts,  and  as  a  result  a  considerable  percentage 

.Mkthods  of  Increasinq  the  PnoDUCTioN  OF  Gasoline  "f  the  heavy  distillate,  depending,  of  course,  on  its  physi- 

Using  Heavier  DisTiLLATES-Thcre  is  not  now  and  '"'  Pi-^Pcrties,  is  converted  into  gasoline. 

never  has  been  a  definite  standanl  of  gravity  test  for  the  Substitutes  for  Ga.soline 
petroleum  products.     Gasoline  as  sold  in  commerce  may 

have  a  specific  gravity  as  high  as  0.72,  equivalent  to  64  Kerosene — By  far  the  most  important  substitute  for 
deg.  Beaume.  In  the  early  history  of  the  oil  industry,  the  gasoline  having  any  considerable  advantage  from  the 
lighter  distillates  of  petroleum  were  considered  dangerous  viewpoint  of  the  engineer  is  the  ordinary  kerosene  of 
and  practically  useless.  Gasolino  was  then  very  cheap  <ommcrce.  During  the  past  few  years  the  production  of 
and  the  refiners  were  glad  to  find  a  market  for  it  at  any  kerosene  in  this  country  has  been  much  larger  than  the 
price.  Under  these  circumstances  naturally  the  produc-  demand,  and.  compared  with  gasoline,  the  price  is,  there- 
tion  of  gasoline  would  be  limited  as  much  as  possible  and  '""'"''»  i"i"'""ill.V  low.  The  great  commercial  advantages 
which  would  result  if  kerosene  could  be  satisfactorily  sub- 

•romplete    data    and    results    will    be    published    later    In       

J."A'Moye?andl'l?,''B^'tTs."''"'"^    Experiment    Station,    by  ..Natural     ^as    contains    some     methane     tCH.),     pentane 

*,,     ,                1  „           x.,.i.v=.  (C,Hi2).     hexane     (Cnllu).     etc.,     all     of     which     arc     llauld     it 

a,  I    '■°'f»''°''  of  Mechanical   Engineering  In   the  Pennsylvania  ordinary    temperatures   after    thev    have    heen    removed    from 

oiaie  college.  the  gas. 
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8tituted  for  gasoliue  cau  be  best  appreciated  when  it  is 
considered  that  the  crude  oils  now  used  for  supplying 
gasoline  \\ill  supply  kerosene  up  to  50  per  cent,  of  their 
volume,  while  the  gasoline  production  from  these  oils  by 
distillation  alone  is  seldom  more  than  8  to  10  per  cent. 

Kerosene  has  a  slightly  higher  heat  value  than  gasoline 
per  unit  of  volume,  as  shown  by  Tal)le  2. 

TABLE  2.     CALOUIFIC   VALUES   FOK   KEROSENE.  GASOLINE  AND 
ALCOHOL 

Fuel  Sp.Gr.  B.t.u.  per  Lb.  B.t.u.  per  GaL 

Gasoline 0.72  20,462  122.771, 

Kerosene OSO  19,890  132.700 

.\lcohol 0  s;il-,  .S,S7-)  G1.800 

tlntil  our  supplies  oL'  gasoline  became  limited,  the 
principal  demand  for  kerosene  was  for  illumination,  which 
demand  is  now  diminishing.  Fortunately,  however,  there 
has  been  a  steadily  increasing  demand  for  kerosene  for 
use  in  cooking  and  heating  stoves,  and  also  in  the  con- 
stantly increasing  requirements  for  farm  engines  of 
both  the  stationary  and  tractor  types. 

In  thickly  ]iopulatcd  districts  the  use  of  kero.sene  in 
engines  is  objectionalile,  on  account  of  the  difficulty  in  se- 
curing a  clean  and  odorless  exhaust  by  the  use  of  the  or- 
dinary tj'pes  of  carburetors.  ]\Iany  motor  vehicles  are  be- 
ing operated  without  this  difficulty  with  the  exhaust  by 
using  a  mixture  of  gasoline  and  half  kerosene.  When- 
ever kerosene  is  to  be  used  alone  for  the  operation  of  an 
engine  a  carburetor  suited  to  this  particular  type  of  fuel 
must  be  used  for  successful  operation. 

When  kerosene  is  used  in  automobiles,  except  under 
conditions  of  unusual  carefulness,  it  is  difficult  to  pre- 
vent the  chassis  and  even  the  interior  of  the  body  from 
becoming  unpleasantly  odorous. 

As  regards  storage,  kerosene  is  much  more  satisfactory. 
Gasoline  vaporizes  readily  at  ordinary  temperatures  and 
there  is  considerable  loss  by  vaporization  from  storage 
tanks;  also  this  vapor  increases  the  fire  hazard.  Kerosene, 
on  the  other  hand,  does  not  vaporize  readily  at  ordinary 
temperatures,  therefore  is  less  dangerous  and  can  be  stored 
without  much  loss  from  vaporization. 

Motor  Spirit — This  petroleum  distillate  is  a  low 
grade  of  gasoline,  wliich  is  marketed  at  a  lower  price  than 
gasoline.  It  has  more  color  than  gasoline  and  kerosene, 
having  a  decided  yellowish  tinge.  Its  specific  gravity  is 
0.73,  or  about  63  degrees  Beaume. 

AcoHOL — The  denaturated  alcohol  used  in  these  tests 
was  of  the  kind  obtainable  conimercially  from  large  pro- 
ducers. The  specific  gravity  was  0.836,  equivalent  to  37 
degrees  Beaume  and  corresponding  to  80  per  cent,  alcohol 
by  volume,  or  76.1  per  cent,  by  weight.  The  lower  heat 
value  was  8875  B.t.u.  per  pound,  and  the  price  45c.  per 
gallon  in  barrel  lots. 

Alcohol  can  be  used  successfully  in  any  engine  adapted 
to  the  use  of  light  petroleum  products.  Engines  designed 
liriniarily  for  using  gasoline  will  run  satisfactorily  with 
normal  compression  when  operated  with  alcohol  fed 
through  almost  any  of  the  good  commercial  types  of  car- 
buretors. However,  it  is  usually  just  as  difficult  to  start 
an  engine  with  alcohol  as  with  kerosene;  hence  it  is  de- 
sirable to  start  with  gasoline  to  heat  up  the  engine  and 
then  open  the  connection  to  the  alcohol  tank. 

As  long  as  the  price  per  gallon  of  alcohol  is  not  con- 
siderably lower  than  gasoline,  it  cannot  come  into  gen- 
eral use  for  power  purposes.  The  tests,  which  will  be 
described  later,  show  that  the  efficiency  of  the  engine  is 


about  the  same  for  alcohol  and  gasoline,  ff  and  Table  2 
shows  that  the  heat  resulting  from  combustion  is  (in 
B.t,u,  per  gallon)  about  61,800  for  alcohol  and  122,700 
for  gasoline.  There  is,  therefore,  about  twice  as  mucli 
power  available  from  a  gallon  of  gasoline  as  from  the 
same  measure  of  alcohol. 

CoMrAinsoM  oi-  Fuels  with  and  without  Water 
Injection 

The  tests  recorded  here  were  made  on  a  four-stroke- 
cycle  stationary  type  of  water-cooled  engine,  designed  par- 
ticularly for  operation  with  gasoline.  The  cylinder  bore 
was  6%  in,  by  10-in,  stroke,  and  governing  was  by  the 
'iiit-and-miss''  method.  The  primary  object  was  to  de- 
termine the  maximum  power  and  fuel  consumption  for 
each  of  the  fuels  used;  first,  without  injecting  water  intd 
the  fuel-intake  pipe  and,  later,  with  water  injection.  It  i^ 
well  known  that  the  injection  of  water  is  effective  in  pre- 
venting so-called  preignition,  especially  with  fuels  like 
kerosene,  which  is  prone  to  produce  excessive  "pounding" 
in  the  cylinder  when  running  under  heavy  load.  It  has 
been  contended  that  the  water  injected  with  the  fuel 
would,  since  it  becomes  superheated  steam,  have  a  benefi- 
cial effect,  both  as  regards  the  maximum  power  obtained 
and  the  fuel  consumi^tion.  The  tests  showed  that  the 
maximum  horsepower  of  the  engine  is  considerably  in- 
creased, especially  when  kerosene  is  used  for  fuel;  but  in 
all  cases  with  a  sacrifice  of  economy;  that  is,  the  fuel 
consumption  per  horsepower-hour  is  considerably  greater 
with  water  injection. 

These  tests  were  made  with  a  carburetor,  in  which  the 
fuel  was  discharged  under  pressure  in  a  fine  vapor  from 
a  special  spraying  device.  The  carburetor  was  effectively 
heated  with  the  exhaust  gases,  and  after  the  engine  was 
once  heated  uniformly,  its  operation  was  very  little  af- 
fected by  varying  the  amount  of  heating  of  the  mixture 
within  the  carburetor.  The  amount  of  water  injected  was 
regulated  by  hand  with  a  needle  valve;  in  every  case 
just  enough  being  injected  to  prevent  unusual  pound- 
ing. Ignition  timing  in  this  series  was  practically  the 
same  for  all  tests. 

Kerosene — The  following  data  are  the  results  of  tests 
made  under  these  conditions  when  using  kerosene  for 
fuel. 


TABLE  3.     kerosene  (SP.  GR. 


Brake  Hp. 

6.03 

8.05 

8.11 

8.97 
10  99 
11.09 


Fuel  Used,  Lb, 
per  B.Hp.-Hr. 


O.SO)  WITH  WATER  INJECTION 

W'ater  In- 
jected, Per 
Cent.*** 
71  5 


Fuel  Cost  per 

B.Hp.-Hr., 

Cents 


70.4 
33.3 
48.9 
122.0 


1.61 


♦♦♦Percentage  by 
per  gallon  in  both  ca 


KEROSENE  (SP.  GR.   =  0  80)  WITHOUT  WATER  IN- 
JECTION 


Brake  Hp. 
3.67 
6.0.5 


Fuel  Used,  Lb. 
per  B.Hp.-Hr. 

1.328 

1.250 

1  053 


Water  In- 
jected, Per 
Cent 


Fuel  Cost  per 
B.Hp.-Hr., 
Cents 
1.79 
1.69 
1.43 


weight  of  fuel  used.     The  price  of  the  kerosene  was  9  cents 


Fig,  1  shows  graphically  the  results  given  in  Tables  3 
and  4,  It  will  be  observed  that  the  maximum  power  of 
the  engine  was  increased  from  8.36  horsepower,  which  was 

ttThis   holds   true   when   the   same   degree   of   compression 
is  used  for  both  gasoline  and  alcohol.     However,  with  alcohol 
it   is  possible   to  employ   much   higher  compression,   in   which 
case  a   higher  thermal   efficiency  is  obtained;   see   Bulletin   43,  . 
Bureau  of  Mines. — Editor. 
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the  safe  limit  without  water  injection,  to  11.09  horse- 
power with  water  injection.  For  all  powers,  however, 
the  amount  of  fuel  used  was  greater  when  there  was  water 
injection  and  consequently  the  cost  per  unit  of  power  was 
also  greater.  Obviously,  it  is  most  desirable,  therefore,  to 
cut  off  the  supply  of  injection  water  entirely  at  light  loads, 
and  carburetors  designed  for  injecting  water  automatical- 
ly into  the  combustible  mixture  should  be  arranged  to  cut 
off  the  supply  of  water  automatically  at  light  loads.  Test 
()  is  added  to  Table  3,  merely  to  show  that  the  engine  o])- 
erated  satisfactorily  even  when  the  weight  of  water  in- 
jected w'as  22  per  cent,  greater  than  the  kerosene. 

MlXTUKE    OF    KkROSEXE    AND    GASOLINE 

Another  set  of  tests  was  made  using  a  mixture  of  half 
gasoline  and  half  kerosene  by  volume.  The  price  of  the 
kerosene  was  9c.  and  the  gasoline  18c.  per  gallon. 

TABLE 


Sp, 


KEROSENE  AND  GASOLINE  (HALF  AND  HALF  BY 
VOLUME)     WITH    WATER    INJECTION 
.  of  Kerosene,  0.80;   Sp.  Gr.  of  Gasoline,  0  72 


Brake  Hp. 
4  07 


Fu<>l  U.'ied.  Lb. 
per  B.Hp.-Hr. 

1  250 

0.97-4 

1.050 

0.992 

0.845 

0  S20 

0  923 


Water  In- 
jected, Per 

Cent. 
9.0 

22  9 

67.5 

40.2 

99  5 

82  3 


Fuel  Cost  per 
B.Hp-Hr., 
Cents 
2.67 
2.07 
2.24 
2.12 


in  the  cylinder  observable  with  the  other  fuels  did  not 
occur. 

TABLE  S.     GASOLINE,  WITHOUT  WATER  INJECTION 
Sp.  Gr.  0.72 

Fuel  Cost  per 

B.Hp.-Hr., 

Cent.s 


ake  Hp. 

per  n.Hp. 

3.71 

2.17 

5.88 

0  99 

7.93 

O.SG 

7.95 

0.86 

9.91 

0.85 
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Price  of  gasoline,  IS  cents  per  gallon. 

Fig.  3  shows  curves  of  fuel  consumption  plotted  against 
brake  horsepower  for  kerosene,  the  mixture  of  half  kero- 
sene and  half  gasoline  and  also  gasoline  alone,  and  shows 
clearly  the  effect  of  water  injection  in  all  cases. 

Alcohol 

Similar  tests  were  made  with  ga.soline,  kerosene  and  al- 
cohol in  a  high-speed  e.xperimeutal  automobile  engine 
with  water-jacketed  cylinders.  The  carburetor  used  was 
a  Kussian  make  and  was  designed  especially  for  u.se  with 
alcohol  and  kerosene.  Brief  data  of  these  tests  are  given 
in  Table  9. 


«  Gasoline   wi+hou+  water  injection A 

'*.  Kerosene  without  Injection  -  B 

■^  Kerosene  with  injection C 

®  Kerosene  with  I'j  gasoline  without  iniection  D 
«  Kerosene  with  Ij  gasoline  with    iniection     E 


Po^tR  Brake  Horsepower 

Fig.  1.     KERO.SENE  with  and  with- 
out Water  Injection 


Brake  Horsepower 

Fig.  2.  Fuel  Consumption  vs.  Brake 
Hor.sepo\ver  with  Alcohol 


Brake  Horsepower 

Fig.  3.     Economy  Curves  for 
Different  Fuels  Tested 


table  6.     KERO-SENE  and  gasoline  (HALF  AND  HALF  BY 
VOLU.ME)  WITHOUT  WATER  INJECTION 


TABLE    9. 


ALCOHOL    WITH    NORMAL    COMPRESSION. 
WATER  INJECTION 


Sp.  Gr.  cf  Kerosene,  0.80;    Sp.  Gr.  of  Gasoline,  0.72. 


Brake  Up. 
2  W 
3.72 


Fuel  Used,  Lb. 
per  B  Hp.-Hr. 

2  .50 

1.17 

0.94 

0.92 

0  82 

0  74 

0.70 

Motor  Spirii' 


Water  1 

jccted.  Per 

Cent. 


Fu?1  Cost  per 
B.Hp.-Hr., 
Cents 
5.33 
2  .50 
2  02 
1  97 
1  67 
1  .5.S 
1   02 


.\  few  tests  were  made,  using  the  same  engine  and  tlie 
experimental  carburetor,  with  motor  si)irit.  Tiie  results, 
a.s  siiown  in  Tabic  7,  indicate  al.so  tiiat  with  this  fuel  water 
injection  is  detrimental  to  economy. 


tabu:  7.    motor  spirit. 

WITH  AND 

TION 

WITHOIT  water  INJEC- 

No.  of  TcHt          Brake  Hp. 

.Sp.  Gr.  0.73 

Fuel  Uwd,  I.l). 
p.r  Blip  -llr 

Water  In-        Fuel  Cost  per 

jocled.  Per          B.Hp.-Hr., 

Cent.                    Cents 

24  7  93 

25  7  93 

26  7  03 

n  80 

0  S4 
0  7S 

(10.1                      2  12 
.50  9                     2  22 
0                         2.05 

I'ncc  of  motor  «pirit,  10  cent."*  p<'r  gallon. 

Gasoline 

For  the  purjrosc  of  comparison,  tests  similar  to  those 

given  in  the  preceding  table,  wore  made  with  gasoline. 

No  tests,  liowevcr,  were  made  with  this  fuel  when  water 

Mas  injected  into  the  cylinder,  as  the  sort  of  "pounding" 


Brake 
Hp. 


I'uel  Used. 

Lb.  per 
B.Hp.-Hr. 

1  .56 

1   29 

1    12 

1   10 


Fuel  Cost 
per  B  Hp.- 
Hr.,  Cent.s 
10  70 

8.92 

7.80 

8.02 


Price  of  denatured  alcohol,  45  rents  per  Ballon. 

Two  tests  were  also  made  with  thirty-llircc  and  lif'.y  ])cr 
cent,  water  injection  with  the  following  results: 

table  IO.ALCOHOL,    with  normal  COMPRESSION  AND  W.VTKR 

INJECTION 

Su.Gr.  0.S30 

Duration  Fuel   Used,  Water  In-    Fuel  Co-t 

No  of         of  Test,  Brake  Lb.  per        jectinn,     per   U  IIp.- 

Test  .Mill.  R.p.m.  Hp.         B.Hp.-Hr.    Per  Cent.   Hr,  Cents 

36  30  70ii  5(15  1.43  33  9  S7 

37  30  641  4  73  1   06  .50  11.45 

Fig.  2  shows  the  fuel  used  without  water  injection 
per  brake  horseiiowcr-hour  at  5.(55  horsepower  to  be  1.19 
pomuL-i,  and  according  to  Test  No.  3(),  Table  10,  the  con- 
suini)tion  for  the  .same  power  with  33  per  cent,  water 
injection  is  1.13  ])oumls.  Similarly  at  4.73  horsepower 
tin-  fuel  consuii'iition  from  the  curve  is  1.29  pounds  and 
from  Test  No.  37,  l.<!(i  pounds.  All  the  tests,  therefore, 
indicate  that  there  is  a  lo.'^s  with  water  injection. 

Ti:sis  wrrii  ,\ii(  In.iection 

A  four-cylinder,  air-cooled  automobile  engine  was 
tested  with  a  commercial  type  of  carburetor.     The  so- 
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called  air-injection  device  is  illustrated  iu  wide-open  po- 
sition in  Fig.  4.  and  consists  of  a  central  cylindrical  valve 
with  scalloped  ports,  controlled  by  the  lever  A.  The 
valve  is  held  down  on  its  seat  by  the  spiral  spring.  Small 
movements  of  the  val\e  from  the  closed  position  make 
relatively  much  smaller  areas  for  the  admission  of  the  air 
than  the  same  amount  of  movement  when  nearly  wide 
open.  The  thread  shown  on  the  apparatus  is  to  be  screwed 
into  the  inlet  manifold  of  the  engine.  The  opening  of  the 
\alve  was  varied  in  the  tests  recorded  in  Table  2,  in  which 
the  engine  was  operated  with  gasoline. 

TABLE  U.     .AUTOMOBILE  ENGINE  OPERATED  ON  G-ASOLINE, 
WITH  AIR  INJECTION 

Fuel  Used.  Lb.  per        Openinir  of  Air 

N(.  of  Test  Brake  Hp.  B.Hp.-Hr.         Injection  Valve,  In. 

45  10  76                           0  976  0 

46  12  14                            1.007  0 

47  11.70  0.S64  0.11 

48  11  01  0.804  0.14 

49  11    in  0  838  0  20 

It  will  be  obser\ed  from  these  data  that  the  economy  of 
the  engine   is  considerably   improved   when   air   is   "in- 


FiG.  4. 


Showing  Valve  anu  Portholes  v,i';m 
All!  Valve  Open 


jected"  into  the  manifold.  E.xtreme  care  was  taken  to 
get  the  best  possible  adjustment  of  the  carburetor  before 
the  air  "injection"  device  was  used.  An  intermediate  po- 
sition of  tlxe  air  valve  gave  the  best  results;  that  is,  an 
opening  of  0.14  in.  gave  lower  fuel  consumption  than 
openings  of  0.20  and  0.11  in. 

The  same  device  has  been  tested  on  various  types  of 
<arburetors  on  both  air-cooled  and  water-cooled  automo- 
bile and  aeroplane  engines,  and  in  every  case  improvement 
ill  economy  has  been  shown.  For  average  road  operation 
(111  automobiles  where  carburetors  are  set  for  relatively 
rich  mixtures  for  a  quick  "get-away,"  .such  a  device  for 
making  lean  mixtures  is  serviceable  and  economical. 

Cause  of  Preignition  in  Kerosene  Engines 
What  has  usually  been  called  "preignition"  in  engines 
operating  with  kerosene  and  distinguished  by  a  sharp 
pounding  at  the  connecting-rod,  is  probably  not  preigni- 
tion at  all,  as  shown  by  many  indicator  diagrams  taken 
on  these  engines  when  the  pounding  was  severe.  The  ex- 
plosion, which  appears  to  be  violent,  does  not  occur  until 
after  the  piston  is  started  on  the  return  stroke.     This 


may  be  due  to  a  "cracking"  of  the  heavier  portion  of 
the  kerosene,  which,  due  to  the  lack  of  high  temperaturo 
necessary  to  vaporize  it,  has  been  carried  into  the  cylindri- 
in  minute  drops  and  under  the  high  temperature  and  higii 
pressure  of  compression,  breaks  up  into  an  explosive  ga- 
and  a  very  heavy  oil  or  even  carbon. 


By  E.  F.  Henry 

"A  vacuum  system  is  an  ordinary  gravity  return  sys- 
tem with  a  college  education,"  it  was  stated  a  few  days  ago. 
It  causes  speculation  as  to  whether  the  coUege  education 
is  any  more  necessary  to  the  gravity  system  than  it  is  to 
some  young  men. 

The  large  virtue  of  the  vacuum  system  is  that  it  en- 
ables more  heat  to  be  abstracted  from  the  steam  before  it 
is  throAvn  away  than  in  the  older  systems.  To  do  this  it 
is  necessary  to  make  a  condenser  of  the  heating  system  so 
that  only  hot  water  will  return  to  the  vacuum  pump.  Pro- 
vision is  alway.s  made  for  injecting  water  into  the  return 
pipe,  so  that  the  pump  wiU  not  attempt  to  pump  steam, 
and  so  that  the  temperature  of  the  return  can  be  kept 
enough  below  tlie  boiling  point  not  to  flash  into  steam 
in  the  pump  cylinder  and  prevent  the  pump  from  work- 
ing. All  this  is  supposedly  taken  care  of  by  the  ther- 
mostatic valves  on  the  return  end  of  each  radiator  and 
coil. 

Like  all  other  thermostatic  apparatus,  some  work  bet- 
ter than  others,  but  it  has  been  found  by  operating  engi- 
neers that  if  the  thermostat  will  not  work  it  can  be  re- 
moved, like  a  man's  vermiform  appendix — without  great 
inconvenience  to  the  patient.  All  that  is  necessary  is  a 
globe  valve  with  the  handle  removed,  so  that  each  one 
can  be  adjusted  to  the  requirements  of  its  coil.  Theory 
or  no  theory,  it  is  found  that  the  opening  necessary  to  take 
care  of  a  given  coil  is  practically  independent  of  the 
weather.  If  more  heat  is  needed,  increase  the  vacuum, 
and  the  returns  will  respond  without  changing  the  setting 
of  the  valves. 

All  the  functions  of  the  system  are  preserved,  it  acts 
as  a  condenser  and  nothing  but  hot  water  conies  bai'k, 
provided  no  change  is  made  in  setting  the  valves.  Of 
course,  a  half-inch  valve  wide  open  will  let  steam  out  of  a 
radiator,  unless  it  is  a  pretty  big  one,  but  that  is  no 
more  likely  to  happen  than  for  a  thermostat  to  go  wrong, 
possibly  not  quite  as  much  so. 

Stripped  of  tlie  thermostat,  the  vacuum  system  becomes 
as  simple  a  proposition  to  install  as  a  gravity  return 
that  discharges  into  a  tank  from  which  boiler-feed  water 
is  taken,  plus  the  advantage  that  the  vacuum  will  take 
care  of  a  great  many  little  traps  in  the  piping  that  come 
about,  not  always  through  faulty  construction,  but  be- 
cause of  pipes  getting  bent  or  pipe  hooks  coming  out, 
and  .so  on. 

The  difference  in  cost  of  water  consumed,  the  cost  of 
lieating  feed  water  and  the  greater  range  of  tempera- 
ture in  the  radiators,  would  make  changing  over  an  old 
plant  to  a  vacuum  system  almost  always  a  jiaying  proposi- 
tion, particularly  if  the  man  in  charge  of  the  power  plant 
has  nerve  and  confidence  enough  to  tackle  the  job  without, 
a  high-priced  engineer  to  lay  it  out. 
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"Pass  It  OEa'"'°=.To  Wlh®m? 

In  an  editorial  iu  the  Mar.  34  issue,  we  called  atten- 
tion to  the  many  trade  publications,  magazines,  etc.,  that 
are  skimmed  over  if  looked  at  at  all,  tossed  aside  to  be 
read  "some  day,"  relegated  to  the  waste  pile  in  the  back 
room,  or  sent  at  once  to  the  furnace  room  without  seeing 
if  they  may  not  contain  articles  or  advertisements  of 
present  financial  value.  If  such  shall  be  their  fate,  they 
are  an  expense  and  a  niiisance. 

But  the  day  of  large  wastes  is  nearly  at  an  end.  What 
may  be  waste  product  to  one  man  is  raw,  necessary  and 
valuable  material  to  the  next  man.  The  question  there- 
fore is,  "AVlio  is  the  next  man  in  your  organization  who 
slioidd  look  over  your  waste  product  and  get  good  value 
therefrom  ?" 

It  is  being  answered  differently  iu  large  engineering 
works.  In  these  works  a  clerk  takes  charge  of  the  periodi- 
cals, magazines,  professional  papers,  and  trade  catalogs 
pertaining  to  their  industry,  and  sees  that  they  are  tempt- 
ingly displayed  in  the  reading  room  of  the  office  build- 
ing, to  be  read  during  the  noon  hour  or  taken  home  at 
night  to  be  read  with  more  care. 

This  is  admirable  for  the  office  force,  the  salesmen, 
clerks,  and  others  who  may  have  the  time  and  want  to 
accept  the  opportunity.  But  what  about  the  men  in  the 
works,  the  superintendents,  foremen,  chemists,  engineers 
and  other  specialists?  Might  not  one  of  those  papers 
give  liim  just  the  idea,  to  get  that  for  which  the  com- 
pany has  been  spending  perhaps  thousands  of  dollars  in 
experimentation  ?  Woidd  not  the  knowledge  that  a  new 
machine  has  been  put  on  the  market  or  that  a  new  proc- 
ess has  been  devised,  the  use  of  which  maj'  halve  tlie 
cost  of  production  of  some  part,  cause  further  inquiry  to 
be  made  and  the  possible  saving  to  be  e(Tccted?  Might 
not  these  new  savings,  even  if  made  only  occasionally, 
pay  well  for  the  cost  of  some  system  that  will  keep  the 
organization  well  informed  on  sulijocts  pertaining  to  the 
company's  output  and  system  of  manufacture? 

Sy.stem  has  now  touclicd  many  lines  of  industry,  but 
only  occasionally  do  we  find  tliat  it  regulates  the  dis- 
posal of  incoming  ])rintcd  matter.  Why  not,  as  other 
goods  are  treatccl,  send  it  to  the  receiving  room,  route 
it  to  its  proper  dei)artmciit,  even  list  it  in  tlie  inventory, 
and  bobl  someone  responsible  for  it  until  it  has  been 
imod  in  the  routine  work  of  tlic  .shoj),  factory,  or  plant? 

To  furtlier  conserve  time,  let  each  piece  of  printed 
matter  such  as  catalogs?,  technical  and  professional  pa- 
pers, and  the  like,  be  entitled  in  ink  with  its  general 
character,  if  its  title  is  not  fully  explanatory.  Then  rub- 
l)er-Htanii)  ^^  ^'i*^  margin  of  the  title  cover  the  names  or 
initials  of  each  of  those  men  who  may  be  held  respon- 
sible for  having  read  certain  of  the  articles.  Some  tech- 
nically trained  person  should  act  as  routing  clerk,  read 
the  titles  of  the  articles,  skim  their  contents,  decide  as 
to  the  real  subject  matter  of  each  article  and  of  its 
value  to  the  organization,  mark  the  page  number  of 
those  articles  that  ho  thinks  lertiiin   men  should  read 


opposite  their  name  or  initials  on  the  margin  of  the 
cover,  and  send  it  to  them  in  sequence.  Those  as- 
signed an  article  should  promptly  read  it  with  such  care, 
make  such  notes,  and  take  such  further  action,  as  they 
may  think  wise  for  the  good  of  the  company,  sign  their 
initials  and  the  date  on  the  line  with  their  name  on  the 
assignment  stamping,  and  forward  it  automatically  by 
interworks  mail  to  the  next  one  on  the  assignment,  and 
so  back  to  the  routing  clerk  for  filing. 

A  still  further  refinement  of  this  system  is  that  of 
having  weekly  meetings  at  which  certain  ones  will  be  ex- 
pected to  tell  what  they  have  read,  since  they  last  re- 
ported, which  they  consider  of  greatest  value  to  the  or- 
ganization. This  meeting  may  be  held  during  or  just 
after  the  noon  hour,  or  in  the  evening  if  such  seems  de- 
sirable and  necessary. 

For  the  advancement  of  your  men  and  your  business, 
after  you  have  read  a  trade  paper  or  a  technical  article 
in  a  professional  journal,  pass  it  on  to  those  of  your  em- 
ployees who  are  most  interested,  and  do  not  waste  these 
'■'goods  receivable." 

??5 


On  October  the  fourth  the  European  catastrophe  had 
endured  two  months.  Considering  the  gigantic  propor- 
tions in  men  and  area  immediately  affected,  and  realiz- 
ing that  those  engaged  are  world  powers  in  business  as 
well  as  armament,  there  is  little  wonder  that  industi-y 
the  world  over  should  suffer;  that  banking  restrictions 
should  exist,  and  that  securities  be  more  or  less  demoral- 
ized. 

For  Europe  the  outlook  is  dark.  The  business  whirli 
the  belligerents  did  with  one  another  has  ceased  and  just 
how  soon  after  the  conflict  it  will  be  resumed  and  how 
completely,  one  can  only  conjecture  at  this  time. 

Within  recent  years,  Germanj'  lias  become  a  nation  of 
importance  in  the  manufacture  of  engineering  materials. 
These  amounted  to  approximately  twenty-billion  dollars 
annually.  Of  the  total  export  trade  in  electrical  equip- 
ment, nearly  thirty-five  ])cr  cent,  went  to  those  witli 
wbiini  she  is  now  at  war,  the  rest  was  distributed  through 
the  United  States,  South  America,  Africa  and  the  Orient. 
Coal  costs  considerable  in  South  America,  and  to  furnish 
])ower  to  her  growing  industries  her  water-power  re- 
sources are  being  dcvelo|icd,  calling  for  an  ever-increas- 
ing importation  of  electrical  and  power  equipment,  ])ar- 
tieiilarly  by  Brazil,  Argentine  and  Chile.  Heretofore, 
(Jermany  lias  ex])orfed  the  largest  share  of  this  class  of 
e((ui]iment  to  Argentina  and  was  a  strong  competitor 
throughout  South  America,  whose  total  imports  in  elec- 
trical machinery  and  supplies  amount  to  more  than 
twenty  millions.  These  countries  liavc  always  been  heavy 
consumers  of  European  coal,  and  this  is  another  gcxid 
field  for  American  industry. 

Steel  is  an  excellent  barometer  by  which  to  judge  ecou- 
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omie  conditions.  We  read  that  large  orders  from  abroad 
for  steel  and  macliinery  have  already  been  placed  and 
more  are  awaiting  adjustments.  Also,  commercial  re- 
ports announce  large  orders  for  various  goods  placed 
here  and  there  by  foreign  business  houses,  orders  which 
do  not  excite  wonder  by  their  magnitude  but  greatly  en- 
courage because  they  are  for  goods  for  people  who  here- 
tofore have  bought  elsewhere. 

It  remains  then  to  shoulder  the  responsibility  thrust 
on  us  at  a  time  when  the  belligerents  are  too  grossly  en- 
gaged in  battle  to  properly  attend  to  their  business  pos- 
sibilities, and  to  make  the  quality  of  our  goods,  the  fa- 
cility of  our  service  and  the  character  of  our  exchange 
such  that  our  new  buyers  will  stay  with  us  to  an  extent 
great  enough  to  pay  for  going  after  their  business. 

American  industry  has  received  an  unprecedented  im- 
petus. Availability  of  power  and  equipment  for  its  ap- 
plication always  have,  and  must  in  this  instance,  precede 
the  growth  of  industry.  Eesumed  activity  of  industries 
has  a  like  effect  on  power  plants  and  allied  industries  for 
prosperity  and  power  are  inseparable  and  interdependent 
companions. 

Perces&ta^e  of  Vac^tiainffi 

Wliat  is  meant  when  a  condenser  manufacturer  guar- 
antees to  produce  a  vacuum  within  a  given  percentage 
'"of  the  possible"? 

The  natural  inference  would  be  that  the  vacuimi  should 
be  the  given  percentage  of  that  indicated  by  the  barom- 
eter. If  the  barometer  were,  for  example,  29  inches  and 
the  vacuum  was  to  be  95  per  cent,  of  the  possible,  one 
would  suppose  that  the  condenser  must  produce  a  vacuum 
of  0.95  X  29  =  27.55  inches.  But  in  no  condenser 
can  the  absolute  pressure  be  less  than  that  due  to  the 
temperature  of  the  water  vapor  present.  If  air  is  pres- 
ent, the  absolute  pressure  will  he  the  sum  of  the  pres- 
sures of  the  air  and  the  water  vapor. 

It  is  the  function  of  the  condenser  to  get  the  conden- 
sate as  cool  as  practicable  and  to  remove  the  air  as  quickly 
as  possible.  The  first  requires  a  large  condenser  with 
plentv'  of  injection  or  circulating  water,  the  second,  large 
air-pimip  capacity' ;  but  no  matter  how  much  condenser 
and  air  pump  the  manufacturer  may  furnish,  he  can 
never  reduce  the  absolute  pressure  to  less  than  that  due 
to  the  temperature  of  the  condensate.  Furthermore,  no 
matter  how  much  water  is  used,  the  temperature  of  the 
condensate  can  never  be  quite  reduced  to  the  tempera- 
ture of  the  condensing  water.  This  sets  a  limit  to  the 
possibilities  and  makes  possible  another  interpretation  of 
a  guarantee  in  terms  of  '"per  cent,  of  the  possible." 

To  make  the  observation  concrete,  suppose  a  barometer 
of  29.8  inches;  condensing  water  of  70  degrees;  vacuum 
obtained  28  inches. 

The  vacuum  obtained  is  28  -^  29.8  =  93.96  per  cent, 
of  the  barometer. 

But  even  with  a  high-vacuum  water-jet  pmnp  it  is 
impossible  to  get  the  temperature  in  the  condenser  less 
than  70  degrees,  and  at  this  temperature  water  vapor 
having  a  pressure  of  0.739  inch  will  be  generated.  The 
best  vacuum  theoretically  possible  is  therefore  29.8  — 
0.739  =  29.061  inches,  and  the  28  inches  produced  by 
the  condenser  is  96.35  per  cent,  of  tliis  possible. 

If,  however,  the  best  possible  vacuum  is  to  be  com- 
puted thus  from  the  temperature  of  the  condensate,  tlie 


maker  might  furnish  an  inadequate  condenser  wliii  h 
would  run  warm  and  produce  a  poor  vacuum;  but  tlus 
poor  vacuum  would  still  be  a  high  percentage  of  that 
attainable  at  the  high  temperature.  For  instance,  a  con- 
denser cools  its  condensate  to  110  degrees  and  produces 
a  vacuum  of  26  inches  with  a  30-inch  barometer.  The 
vacuum  corresponding  to  110  degrees,  where  water  vajmi 
is  involved,  is  27.4  inches,  of  which  26  inches  is  95  ptr 
cent. 

It  is  well,  therefore,  to  specify  as  the  vacuum  to  be  pro- 
duced a  given  percentage  of  the  barometric  pressure ;  but 
if  "  the  possible"  as  determined  b}'  the  condensing  water 
temperature  is  meant  it  should  be  so  defined  that  there 
can  be  no  ambiguity  about  it  nor  dispute  about  its  in- 
terpretation. 

'm 
TS^e  Cost  of  Po'wes' 

A^liat  is  the  best  means  to  determine  the  cost  of  power 
per  kilowatt-hour  or  horsepower  per  3'ear?  The  answers 
may  be  as  many  as  there  are  engineers.  It  is  quite  easy 
to  determine  the  cost  to  the  satisfaction  of  the  accounting 
department,  but  it  is  difiictilt  to  so  assign  the  charges 
that  the  engineer  will  consider  them  equitable  and  the  ae- 
comiting  department  tolerate  the  numerous  items  in- 
volved in  the  system  of  account  keeping. 

The  equitable  distribution  of  charges  will  probably  be 
argued  by  engineers  for  a  long  time,  as  the  subject  is  of 
so  much  interest  and  a  thorough  knowledge  of  it  so  valu- 
able in  defending  the  engineer's  administration  in  any 
plant.  Just  how  far  one  should  carrj-  the  subdivision  of 
charges  is  limited  by  his  desire  to  work  up,  enter  and  file 
the  data.  The  chief  consideration,,  however,  should 
be  this:  How  valuable  are  the  data  collected?  Just  as 
there  are  plants  suffering  from  scarcity  of  data  of  their 
performance,  so,  too,  are  there  others  burdened  with  an 
excess  of  it.  But  one  can  hardly  convince  the  engineers 
of  these  latter  plants  that  they  are  overburdened. 

The  article,  "The  Cost  of  Power,"  on  page  567  of  this 
issue,  analyzes  and  considers  many  phases  of  power-plant 
accounting,  and  should  bring  forth  some  good  discussion. 


Soon  the  refrigeration  plant  will  be  cut  out  or  the 
load  greatly  reduced.  Of  course,  you  are  preparing  to 
thorouglily  .inspect  and  overhaul  the  system? 

Those  performance  curves  of  the  Clarion  Station  for 
1913  in  the  Oct.  6  issue  have  undoubtedly  convinced 
many  that  this  means  of  record  keeping  is  one  hundred 
per  cent,  useful. 

Let's  see,  was  there  not  a  test  conducted  in  Xew  York 
Cit)''s  Hall  of  Records?  We  have  waited  so  long  for 
the  report  to  become  public  that  we  almost  forgot  the 
tiling. 

•^: 

The  contractor  stood  before  him  and  with  loud  voice 
and  wild  gesticulations  guaranteed  to  furnish  for  an  in- 
definite period  a  coal  that  would  not  smoke,  that  was 
free  burning,  whose  ash  would  not  clinker  nor  fuse 
at  any  conceivable  temperature ;  that  would  always  have 
less  than  one  per  cent,  moisture,  and  whose  heating  value 
was  fifteen  thousand  heat  units  for  everj'  pound.  Eagerly 
he  bent  forward  to  sign  the  contract,  and  then — he  awoke. 
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We  liave  a  enuikpui  box  which  has  been  in  service 
for  the  last  15  years,  running  10  hours  a  day  at  215 
r.]).m.,  and  is  still  doing  good  work.  It  is  a  brass  box 
with  the  button  form  of  babbitt.  The  engine  cylinder 
has  been  bored  out  twice  during  the  life  of  these  brasses. 
I  believe  this  is  an  unusual  record  of  service  for  a  crank 
bearing  of  any  material. 

Albert  Warner. 

Appleton,  Wis. 

■*' 
Vsilves   FacSiedl  ^Eader  Fresstmre 

The  illustration  shows  a  makeshift  method  of  doing 
what  the  valve  manufacturers  should  do  proj)erly.  All 
modem  valves  should  be  capable  of  being  repacked  under 
pressure  when  wide  open  or  shut,  and  most  manufac- 
turers make  that  claim  for  their  product.  In  practice, 
however,  it  is  found  that  even  though  they  are  tight 
when  new,  they  soon  develop  slight  leaks  past  the  seal- 
ing joint  or  collar  and  it  is  then  almost  impossible  to  re- 
pack them  without  cutting  the  line  out. 

To  overcome  this  difficulty  we  drill  and  tap  ours  for  a 
14-111-  pipe  and  put  in  a  short  piece  of  pipe  with  a  cap  as 


Packing   Svace  Vented 

shown.  When  repacking,  we  open  the  valve  wide,  reniovi,' 
the  gland  and  old  packing,  take  out  the  pipe  ])lug  and  see 
that  the  hole  in  the  stufling-box  i.s  open.  The  packing 
can  then  be  put  in,  the  gland  brought  down  on  it  and 
the  ])lug  replaced  without  difficulty,  any  leakage  during 
the  operation  escaping  througli  the  hole  instead  of  l)low- 
iug  out  the  packing. 

We  have  thirty  or  forty  valves  so  fitted  and  have  had  no 
trouble  in  repacking  them  during  the  three  or  four  years 
they  have  been  in  u.se.  Every  valve  salesman  daiin.s  tiuit 
his  valves  do  not  need  it.  A  very  trifling  increase  in  the 
cost  of  manufacture  would  .save  mucli  trouble. 

For  packing  high-pressure  steam  and  hot-water  valves, 


we  have  found  the  metallic  packings,  of  which  there  art^ 
several  on  the  market,  much  more  satisfactory  than  fib- 
rous packings. 

John  C.  Whtje. 
Madison.  Wis. 

In  Mr.  Kicker's  letter  in  the  issue  of  Sept.  15,  undi-r 
this  title,  there  appears  to  be  a  confusion  of  the  prin- 
cipal subject,  the  steam-jet  operated  system,  of  my  let- 
ter in  the  July  7  issue,  in  the  blower-operated  system  re- 
ferred to  in  a  later  paragraph. 

The  figures  I  used  to  arrive  at,  27.10  cents  as  the  cost 
of  handling  a  ton  of  ashes,  were  based  on  a  tentative  plant 
of  a  size  and  type  suggested  by  the  illustration  in  the 
Apr.  7  issue,  hence  the  omission  of  a  motor  and  ex- 
hauster. The  cost  of  installation  (.$1800)  was  assumed 
from  a  desire  to  give  the  system  all  possible  credit.  The 
blower  system,  with  which  the  cost  of  handling  a  ton  of 
ashes  amounted  to  26  cents  exclusive  of  overhead  charge, 
ser\ed  ten  boilers  and  handled  about  35  tons  of  ashes  per 
day.  This  layout  had  some  300  ft.  of  ash  pipe  with  three 
right-angle  bends,  whicli  explains  the  large  power  re- 
quirement. 

The  costs  of  operation  in  the  plants  cited  l)y  Mr.  Ricker 
are  interesting  and  tend  to  i)rove  the  economy  of  the 
vacuum  system  of  asli  removal.  The  jdant  liandling  40 
to  50  tons  per  day  with  an  annual  rei)nir  cost  of  only  $50 
is  particularly  interesting — $50  a  year  would  barely  pro- 
vide whe(!ll)arr()ws  in  a  plant  handling  ashes  by  that 
means  and  of  the  capacity  stated. 

CO.  Saxdstrom. 

Kansas  City,  ]\fo. 


in  the  May  2()  nunilier  of  PowEii.  the  writer  endeav- 
ored to  show  grapliically  the  relationshi])  which  exists  Ije- 
tween  the  heat  value  and  ash  content  of  Hocking  Valley 
slack  coal,  basing  .same  upon  the  values  obtained  in  test- 
ing something  like  1800  samjjles  of  the  coal  in  question, 
many  of  which  were  average  monthly  .samples,  and  each 
of  which  represented  30  or  more  daily  samples.  Since 
Ihat  time  this  number  has  been  raised  to  approximately 
5000  sam])les. 

As  stated  in  the  original  article,  all  the  tests  were 
made  with  the  highest  type  of  apparatus  for  such  work 
and  l)y  men  thoroughly  experienced  in  the  work,  under 
the  supervision  of  the  writer. 

In  addition  to  this,  the  laborator}'  has  been  iheckecl 
many  times  liy  oilier  lidKiralories  using  similar  ap))aratus 
and  to  date  has  not  lieen  oliliged  ti>  retract  any  figures 
on  coal  testing.  In  other  words,  the  ]U'actice  of  this 
laboratory  follows  the  general  run  of  coal  testing  as  ail- 
vised  by  the  Bureau  of  i^rines  and  thv.  American  Society 

•See  Apr.  7,  July  7,  Sept.  8,  Sept.  16,  19H  Issues. 
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for  Testing  Jlaterials  with  one  or  trro  important  excep- 
tions only. 

In  the  June  30  number  of  Powee,  there  appeared  a 
triticism  of  the  curve  as  published  by  the  writer  by  E.  E. 
Andrix,  of  Colnmbus,  Oliio,  who  is  of  the  opinion  that 
the  heat  values  are  higher  than  warranted  by  his  tests 
for  the  given  ash  contents.  He  refers  to  the  Ohio  State 
Geological  Survey's  Bulletin  of  1908  as  a  reference  au- 
thority to  back  up  his  opinion. 

We  are  pleased  to  learn  his  views  and,  to  make  it  pos- 
sible to  get  to  the  bottom  of  this  matter,  believe  it  is 
best  to  publish  the  data  upon  which  the  curve  in  ques- 
tion is  based.  If  we  are  at  fault  in  our  methods  or  ma- 
nipulation, we  certainly  desire  to  be  corrected  and  we  re- 
ceive such  criticism  in  the  same  kindly  manner  in  which 
it  is  advanced.  Criticism  is  the  very  life  of  laboratory 
work  and  should  be  given  and  received  as  an  aid  to  cor- 
rect results  in  any  line  of  endeavor. 

As  mentioned  above,  we  do  not  adhere  to  the  methods 
of  the  Ohio  Survey  in  two  important  factors,  namely, 
the  Fineness  of  the  Samples  and  the  Pressure  of  Oxj'- 
geu  vised  in  the  calorimeter.  We  do  not  believe  that  com- 
plete combustion  is  possible  in  the  long  run  on  the  coal 
in  question  if  the  sample  is  groimd  to  60-mesh  fineness, 
nor  if  only  18-20  atmospheres  of  oxj'gen  are  used.  We 
base  our  claim  on  comparative  tests  made  in  1912  in 
this  laboratory  which  we  now  repeat  as  follows : 

Pressure  of  Osygest  Essential  to  Completely  Burx 
HocKixG  Valley  Slack  Coal  ix  the  Calorimeter 

1.  Average  of  10  ears  received,  Jtiue  10,  1912,  Hock- 
ing Valley  Slack  Coal : 

a.  20  atmospheres  oxygen,  11,819  B.t.u.,  12.0.3%  ash. 

b.  25  atmospheres  oxj^gen,  12,489  B.t.u.,  12.03%  ash. 
(a  showed  considerable  unburned  coal,  b  did  not.) 

2.  Average  of  9  cars  received  June  24,  1912,  Hocking 
Valley  Slack: 

a.  20  atmospheres  oxj-gen,  11, .510  B.t.u.,  13.65%  ash. 

b.  25  atmospheres  oxj'gen,  12,222  B.t.u.,  13.65%  ash. 
(a  showed  unburned  coal,  b  did  not.) 

3.  Average  of  10  cars  received  June  27,  1912,  Hocking 
Valley  Slack: 

a.  20  atmospheres  oxAgen,  12,128  B.t.u.,  12.48%  ash. 

b.  25  atmospheres  oxygen,  12,595  B.t.u.,  12.48%  ash. 
(a  showed  imburned  coal,  b  did  not.) 

All  the  above  samples  were  ground  to  100-mesh  fine- 
ness. 

Each  B.t.u.  figure  given  is  the  average  of  two  determin- 
ations, the  greatest  variation  in  checks  being  70  B.t.u. 

All  samples  were  dried  at  105  deg.  C,  for  one  hour 
before  testing. 

Grinding  of  Samples   for  Calorimetric   Tests 

Each  of  the  above  named  samples  in  their  original 
form  was  ground 'to  20  mesh  und  halved  One-half  was 
then  ground  to  60  mesh,  tha  other  haK  being  ground 
to  100  mesh.  The  comparative  behaviir  of  the  coal  of 
two  degrees  of  fineness  was  then  noted  in  the  calorimeter. 
Oxygen  at  a  pressure  of  25  atmospheres  was  used  in  each 
case. 

4.  Same  sample  as  1  above : 

a.  60-mesh  sample,  12,098  B.t.u. 

b.  100-mesh  sample,  12,441  B.t.u.  Difference  343  B.t.u. 
(b  checks  1  above  within  48  B.t.u.) 

5.  Same  sample  as  2  above: 


a.  60-mesh  sample,  12,008  B.t.u. 

b.  100-mesh  sample,  12,297  B.t.u.  Difference  289  B.t.u. 
(b  checks  No.  2  above  within  75  B.t.u.) 

6.  Same  sample  as  3  above: 

a.  60-mesh  sample,  12,233  B.t.u. 

b.  100-mesh  sample,  12,560  B.t.u.  Difference  327  B.t.u. 
(b  checks  No.  3  above  within  35  B.t.u.) 

The  Effect  of  both  Coarse  Grinding  and  Low-Oxy- 
gen  Pressure 

7.  Same  sample  as  1  above. 

a.     60-mesh,  20-atmosphere  oxygen,  11,609  B.t.u. 
This  is  880  B.t.u.  lower  than  1-b  above  and  832  B.t.u, 
lower  than  4-b. 

8.  Same  sample  as  2  above : 

a.    60-mesh,  20-atmosphere  oxygen,  11,280  B.t.u. 
This  is  942  B.t.u.  lower  than  2-b  and  101 T  B.t.u.  lower 
than  5-b  above. 

9.  Same  sample  as  3  above: 

a.    60-mesh,  20-atmosphere  oxygen,  11,888  B.t.u. 

This  is  707  B.t.u.  lower  than  3-b  above  and  672  B.t.u. 
lower  than  6-b  above. 

In  view  of  the  above  experimental  results,  we  did  not 
feel  justified  in  using  60-me.«h  samples  nor  in  using  less 
than  25  atmosjjheres  pressure  of  ox\'gen  in  our  calori- 
metric tests  on  this  coal.  We  adopted  the  use  of  this 
pressure  of  oxygen  as  our  standard  and  80-100  mesh  as 
standard  fineness  in  our  grinding.  As  a  matter  of  fact, 
fully  95  per  cent,  of  our  samples  will  wholly  pass  a  100- 
mesh  screen,  the  remainder  showing  from  5-10  per  cent, 
of  80-mesh  particles.  We  do  not  believe  there  is  anything 
to  be  gained  by  briquetting  the  samples  of  Hocking  Val- 
ley Slack  for  calorimetric  work.  With  reasonable  care 
in  admitting  the  oxygen  there  is  little  danger  of  loss 
of  sample  before  the  ignition  and  we  find  that  the  loose 
sample  ignites  more  completely  than  the  briquetted  sam- 
ple imder  the  same  conditions.  We  use  a  special  type  of 
receptacle  for  the  coal  within  the  calorimeter  which  gives 
us  a  thin  layer  of  coal  into  wliich  the  oxygen  penetrates 
uniformly.  These  capsules  are  of  as  wide  a  diameter 
as  the  construction  of  the  bomb  will  permit,  are  made 
with  rounded  corners  and  are  shallow.  We  do  not  find 
it  necessary  to  use  an  asbestos  pad  beneath  the  coal 
when  testing  Hocking  Valley  slack. 

Data  for  Curve 
Curve :  B.t.u.  })er  Ash  Content  in  IIocHng  Valley  Slacl' 

The  fact  that  our  specifications  called  for  coal  rim- 
ning  not  less  than  12,000  B.t.u.  per  lb.  accounts  for  the 
predominance  of  data  around  12,00:,  B.t.u.  The  gen- 
eral average  heat  value  of  tliis  coal  for  a  period  of  three 
years  was  12,300  B.t.u.  with  an  ash  content  of  13 
per  cent. 

Since  plotting  the  original  curve  many  more  tests 
have  been  made,  a  total  of  over  5000,  all  of  which  con- 
form with  the  original  curve  within  reasonable  varia- 
tions. 

In  figuring  the  average  data,  we  grouped  the  tests 
according  to  per  cent,  of  ash,  the  first  group  being  those 
samples  wliich  showed  from  7.00  to  7.50  per  cent,  ash, 
the  second  7.6  to  8.00  per  cert,  ash,  the  third  from  8.10 
to  8.50  per  cent  ash,  etc. 

In  figuring  these  averages  for  the  given  ranges  of 
ash  content,  we  have  given  the  proper  weight  for  each- 
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sample  according  to  the  tonnage  of  coal  which  each  sam- 
ple rejj resented.  Thus  10  cars  showing  an  average  ash 
content  of  12.50  per  cent,  received  twice  the  weight  or 
credit  that  5  cars  showing  the  same  or  different  ash 
received. 

Data 

Averaijr    Montlihj    Samples    from    Inlertirhan    Puirer 
Stations: 

Average  Monthly  Samples  from  Interurban  Power  Stations 
Cars  Received         Ash  %        B.t.u.  per  lb  Range  of  Ash  Content,   % 


GO 

7.33 

13,229 

7.0  to    7.5 

5S 

10.69 

12,617 

10.0  to  11.0 

57 

11   39 

12,580 

11.1  to  11.5 

55 

11.96 

12,811 

11.0  to  12.0 

CI 

12.22 

12,385 

etc.,  etc. 

59 

12  90 

12,361 

5B 

13.28 

12,298 

60 

13.73 

12,240 

00 

14.28 

12,11T 

fiO 

14.82 

12,082 

57 

15  22 

11,965 

59 

15.63 

11,935 

61 

16  10 

11,857 

63 

16  79 

11,7.52 

57 

17  37 

11,500 

49 

17.92 

11,654 

Exception  to  the  general  ri 

53 

IS.  60 

11,441 

55 

19.62 

11,367 

60 

20  73 

11,033 

60 

22.19 

10.840 

6S 

23  50 

10,500 

Daily  Sample.^ 

Received  at 

Power  Stations  in  Detroit 

30 

6.60 

13,426 

6.00to    7.00 

41 

8.65 

12,957 

S..50to    9.00 

12 

9.18 

12,934 

etc.,  etc. 

43 

9  25 

12,902 

51 

9.88 

12,7SS 

63 

9  94 

12,S25 

SI 

10  33 

12,656 

112 

10  78 

12.627 

2S2 

11  31 

12,518 

391 

11  85 

12,493 

410 

12  28 

12,426 

48S 

12  80 

12,3.57 

4S2 

13  33 

12,276 

iiiiy 

13  78 

12, ISO 

244 

li  34 

12,068 

260 

14.78 

12,038 

16S 

15  34 

11,927 

164 

15.76 

11,826 

99 

16.38 

11,737 

77 

'6.74 

11.722 

29 

1/  .37 

11,607 

42 

17  79 

11.573 

13 

18.23 

11,434 

10 

19  28 

11.054 

9 

19  96 

11.097 

Exception 

9 

20   IS 

11.2.57 

Exception 

5 

20  82 

11,051 

2 

24   SI 

10,437 

2 

25    17 

10,320 

'I'liu  above  coal  was  ship])ci1  from  alioiit  twenty  dilfer- 
ent  mines  located  in  Athens.  Perry  and  Hocking  Coun- 
ties, Ohio,  and  is,  in  this  .section  at  least,  known  as  TTock- 
ing  Valley  Slack.  The  curve  therefore  represents  the 
relation  between  heat  value  and  a.sh  on  this  composite 
range  of  .slack  coal,  not  coal  from  a  single  mine.  For 
this  very  reason  we  believe  our  figures  give  the  general 
run  of  this  coal. 

If  it  is  desirable  to  correct  tlic  B.t.u.  figures  for  the 
moisture  contained  in  the  coal  as  received  it  is  neces- 
sary to  deduct  in  proportion  to  the  average  moisture, 
namely,  0.8-5  per  cent.  All  the  above  B.t.u.  figures  are 
on  tlie  samples  alter  drying  at  lO.i  deg.  C.  for  a  pcridil 
of  one  jiour. 

We  desire  to  eiii|)lin-^ize  the  fii't  that  we  have  standard- 
ized upon  our  ralorinietric  methods  only  after  thorongli 
study  of  the  coal  being  used.  For  coals  of  another  type, 
it  is  possible  that  other  degrees  of  fineness  and  other 
oxygen  pressures  might  prove  of  advantage.  For  TToek- 
ing  Valley  slack  coal,  such  as  we  received,  we  helieve 
our  inetbods  are  right  inasmuch  as  we  certainly  get  con- 
cordant results  in  our  work  and  in  check  work  with  otlier 
laboratories  in  this  .section. 

TTowever,  as  stated  above,  we  welcome  critici.sm  and 
will  be  pleased  to  give  further  data.  etc..  and  to  receive 


in  turn  the  opinions  of  others  hacked  of  course  by  ex- 
perimental and  other  evidence. 

Finally,  it  may  be  well  to  state  here  the  fact  th;if 
while  using  Hocking  Valley  slack  coal  at  the  seven  power 
stations  of  this  company  we  burned  an  average  of  670 
tons  per  each  21  hours  over  a  period  exceeding  3  years, 
another  point  tending  to  back  up  our  notion  of  the  re- 
lationship in  question  shown  by  this  coal. 

]\loRGAN  B.  Smith, 

Ch.  Chem.  and  Combustion  Engr.,  Detroit  United 
Lines. 

Detroit,  Mich. 


I  read  with  intercut  your  edit(jrial  of  Aug.  25  on  fus- 
ible plugs,  as  I  have  been  working  on  this  problem  lately. 
In  many  plants  they  are  a  menace;  scarcely  less  than 
inoperative  safety  valves,  because  of  the  unjustifiable  de- 
pendence placed  on  them.  In  a  certain  plant  containing 
ten  300-hp.  Stirling  lioilers,  one  was  burned  three  times, 
and  finally  nearly  exploded.  After  each  burning  the 
fusible  plug  was   removed  and  thoroughly  cleaned. 

An  idea  may  be  formed  of  how  hot  the  boiler  mu^t 

Fuse  Metal 
I  ^i'Pipe.Sfd.  Thread 


■^  Oate  Valve 


POWER 
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have  been,  without  melting  the  outside  alarm  type  oi' 
plug,  when  the  ebonite  gasket  between  the  nozzle  and 
nonreturn  valve  was  burned  out.  I  wired  the  fusible 
disk  to  the  bulb  of  a  liigh-teniperature  thermometer  and 
beld  both  before  a  blow-torch  flame  and  heated  them  \ery 
>luwly  to  180  deg.  F.  before  the  metal  began  to  soften  ; 
at  ."iOO  it  melted  enough  to  drop  out.  The  plugs  in  I  be 
other  boilers  were  tried  and  found  to  be  practically  the 
same,  except  one  which  melted  at  370  deg. 

Even  if  the  mctiil  had  fused  it  is  doubtful  whet  her 
any  grsat  amount  of  steam  would  have  escaped  on  :ii- 
count  of  the  manv  devices  fastened  to  the  Jiipe,  iucludiiiLr 
a  whistle  which  liad  been  given  several  <'oats  of  lilack 
])aint.  completely  closing  the  steam  orifice.  The  old 
alarms  were  taken  out.  and  ones  ado])ted  as  shown  in 
the  sket<'h.  When  the  fusible  plug  blows  out  it  makes  a 
report  like  a  pistol  shot  and  the  roar  of  the  steam  'imi 
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be  heard  all  over  the  power  plant.  The  fusible  cones  to 
fit  in  the  plug  A  are  tested  before  using  by  touching  a 
bare  high-pressure  steam  pipe  with  them.  If  they  do  not 
start  to  fuse  in  a  contact  lasting  three  seconds,  they 
are  condemned  and  not  used. 

Each  month  when  the  boilers  are  washed  and  cleaned 
the  boiler  washer  removes  the  plug  and  takes  it  to  the 
engineer  who  inspects  and  replaces  it  Just  before  steam 
is  raised  after  passing  a  %-in.  round  rod  down  through 
the  pipe  and  valve  into  the  drum  to  make  sure  the  pas- 
sage is  clear. 

The  watch  engineer  must  state  in  his  daily  log  tlie 
condition  of  the  fusible  plug  when  received  by  him, 
and  he  is  held  directly  responsible  for  its  condition.  The 
gate  valve  is  locked  open  with  a  padlock  and  chain  and 
only  the  watch  engineer  has  a  key. 

Five  plugs  have  been  blown  out  since  A])r.  1,  two  from 
no  apparent  cause ;  and  the  others  from  a  burst  tube, 
a  break  in  the  pipe  above  the  water  line,  and  from  low 
water. 

S.  H.  Farnswoktii. 

Chicago,  111. 


The  water  in  this  locality  contains  mucli  carbonate 
and  sulphate  of  lime,  thus  causing  a  great  deal  of  pitting 
and  corroding  in  the  drums  and  tubes  of  our  water-tube 
boilers,  and  heavy  scale  causing  many  overheated  tubes. 

AYe  have  overcome  our  difficulties  by  installing  two 
large  settling  tanks,  treating  the  water  with  the  proper 
amount  of  soda  ash  and   lime  and  giving  the  tubes  a 


Filling  Plug 


To  Pump  Discharge 


Graphite  Feeder 

thorough  cleaning  with  a  mechanical  cleaner,  following 
it  up  with  regular  graphite  treatment.  The  pitting  and 
corrosion  have  stopped,  no  new  scale  is  being  formed, 
and  two  boilers  are  doing  the  work  of  the  former  three. 
Feeding  graphite  into  the  suction  of  the  boiler-feed 
pump  as  shown  in  the  illustration,  is  advantageous  be- 


cause the  graphite  in  passing  through  the  pump  prevents 
scale  from  forming  on  the  valves  and  sleeves  of  the 
pump. 

George    Collister. 
Sniem.  Kan. 


Much  has  been  ])iil)lishcd  re<eiitly  about  the  unit  plant 
of  the  locomobile. 

Recently,  I  had  occasion  to  look  over  some  old  machin- 
ery that  had  been  in  storage  some  thirty  or  more  years 
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Selp-Contaixkd  Steam  Plant 

and  I  unearthed  a  self-contained  plant  that  showed  that 
someone  had  the  right  idea  years  ago.  One  of  the  care- 
takers informed  me  that  this  particular  device  had  beeii 
there  for  35  years,  so  it's  a  sure  old-timer. 

The  accompanying  sketch  gives  an  idea  of  the  general 
construction  of  tlie  unit.  The  boiler  is  of  the  vertical 
fire-tube  type.  Upon  its  top  are  two  standards,  riveted 
to  the  shell,  whicii  support  the  guides  and  crankshaft  of 
the  engine.  On  one  end  of  the  shaft  is  a  flywheel  30  in. 
in  diameter,  and  5-in.  face.  Set  into  the  top  of  the  boiler 
is  the  cylinder  and  valve  chest  of  the  engine,  the  steam 
jjipe  coming  up  through  the  head,  and  turning  into  th? 
valve  chest  as  shown.  The  steam  is  controlled  by  a  throt- 
tle governor  on  the  steam  line.  The  exhaust  passes  into 
the  smoke-stack  which  is  taken  from  the  top  side  of  the 
boiler.  To  the  side  of  the  boiler  is  attached  a  pump, 
driven  from  the  engine  shaft  by  an  eccentric. 

While  the  whole  is  rough  in  construction,  and  in  ifc 
best  day  probably  was  not  able  to  generate  over  30  hp.. 
yet  it  must  have  been  a  wonder  for  economy  at  that  time, 

Perhaps  some  of  the  old  veterans  can  give  some  inter- 
esting details  about  this  type  of  steam  iniit. 

Arthur  D.  Palmer. 

Dorchester,  Mass. 

[This  type  of  power  plant  was  built  during  the  years  o 
1870  to  1877  and  was  developed  by  William  Baxter,  an( 
manufactured  by  the  Colts  Fire  Arms  Co.,  Hartford 
Conn. — Editor.] 


f 


Ocluber  20,  VJU 


P  O  W  E  E 


579 


I       Imq^iries  of  Qeimeral  Iimterest       i 

liiuiijiiiiiiiiiiniiiiiiiiiiiiiiiniiiiniiNiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiniiiiiiniiiiiiiiiii^^ 


The  Centennial  Boiler  Horsepoiver — When  and  by  whom 
was  the  rule  first  adopted  for  rating  the  evaporative  horse- 
power of  boilers  on  the  basis  of  30  lb.  of  water  per  hour 
raised  from  water  fed  at  100  deg.  P.,  and  evaporated  into 
steam  at  70  lb.  gage  pressure? 

A.  A.  B. 

The  first  public  adoption  of  the  unit  was  by  the  committee 
of  judges  of  the  Centennial  Exposition,  1S76,  in  reporting  the 
trials  of  competing  boilers  at  that  exhibition,  the  conditions 
being  considered  by  them  to  represent  fairly  average  prac- 
tice of  that  period. 


Seorinir  on  Only  One  Side  of  a  Crankpin — What  are  the 
causes  of  a  scored  crankpin  when  only  one-half  of  the  pin  is 
scored  ? 

H.    A.    C. 

Scoring  or  cutting  may  be  due  to  disintegration  of  the  pin 
or  the  brasses  from  excessive  pressure  per  square  incii  or 
want  of  proper  lubrication,  or  from  dirt  finding  its  way  to  the 
bearing  surfaces.  Pressure  is  delivered  from  the  connecting- 
rod  upon  the  same  side  of  the  crankpin  at  each  stroke  of  the 
engine  and  consequently  the  wear  and  cutting  will  be  mainly 
on  one  side  of  the   crankpin. 


Relative  Loss  of  Head  In  3-ln.  and  4  In.  Pipe  Lines — What 
K'ould  be  the  relative  loss  of  head  pum.iing  water  through  a 
!-in.  pipe  line  and  pumping  at  the  sama  rate  through  a  4-in. 
line  of  the  same  length? 

J.    G.    B. 

For  discharging  the  same  quantity  of  water  in  a  given 
time  through  pipe  lines  of  the  same  length  and  roughness 
jf  surface,  the  relative  loss  of  head  from  friction  will  be  about 
inversely  as  the  fifth  powers  of  the  pipe  diameters:  hence,  the 
loss  of  head  with  a  3-in.  pipe  will  be  to  that  with  a  4-in. 
[)ipe  as 


1 


(4)'- 


,e.,  using  a  3-in.  pipe  the  loss  will  be 


times  the  loss  using  a  4-in.  pipe. 


PreNHure  Realized  by  SIphnninK — What  would  be  the  pres- 
sure head,  in  feet,  in  the  foot  of  the  long  branch  of  a  water 
siphon  60  ft.  b-low  the  highest  point  of  the  siphon  which  is 
S  ft.  above  the  level  of  the  water  that  is  siphoned? 

M.    J.    K. 

Neglecting  pipe  friction  and  having  both  branches  of  the 
siphon  completely  filled  with  water,  the  absolute  pressure 
In  the  foot  of  the  longer  branch  would  be  that  due  to  60  ft., 
plus  the  absolute  pressure  in  the  top  of  the  siphon.  As  the 
pressure  In  the  top  of  the  siphon  would  be  the  pressure  of 
the  atmosphere  less  the  pressure  due  to  8-ft.  head  in  the 
shorter  branch  of  the  siphon,  then  the  absolute  pressure  In 
the  foot  of  the  long  branch  would  be  the  pressure  head  of  60 
ft.  plus  the  pressure  of  the  atmosphere,  minus  the  pressure 
head  of  8  ft.,  i.e.,  the  net  pressure  head  above  atmospheric 
pressure  would  be  60  —  8   =    52  ft. 

When  the  siphon  is  in  operation  some  of  the  atmospheric 
pressure  employed  In  raising  the  water  In  the  shorter  branch 
and  .lome  of  the  pressure  head  due  to  the  height  «f  the  longer 
branch  would  be  employed  In  overcoming  pipe  friction.  Hence, 
the  effective  pressure  head  would  be  reduced  below  52  ft.  by 
an  amount  which  would  be  practically  the  same  as  the  loss 
of  head  for  the  same  velocity  of  flow  through  a  horizontal 
pipe  of  the  same  roughness,  size  and  length  as  the  total 
length  of  the  siphon. 


Sfenm  Hef|nlrr<f  for  Pipe  CollH— Tlow  many  pounds  of 
Btoam  per  hour  at  150-lb.  gage  pressure  would  have  to  be  sup- 
plied to  pipe  colls  containing  5000  lln.ft.  of  I'^-ln.  pipe,  the 
steam  being  admitted  to  the  colls  reduced  to  atmospheric 
pressure   and   discharged   as   condensate  at   that  pressure,   as- 


suming the  rate  of  transmission  from  the  coils  to  tht  sur- 
rounding air  to  be  1.7  B.t.u.  per  hour  per  square  foot  of  pipe 
surface  per  degree  of  difference  of  temperature;  the  surround- 
ing  atmosphere    being   at   70   deg   P.? 

R.  L.  T. 
A  pound  of  steam  at  100-lb.  gage  pressure,  or  about  115  lb. 
absolute  contains  11SS.8  B.t.u.  above  32  deg.  P  Admitted  to  the 
coils  reduced  to  atmospheric  pressure  it  would  be  superheated 
about  SO  deg.,  i.e.,  its  temperature  upon  admission  would  be 
212  -f  80  =  292  deg.  P.,  and  it  would  be  fair  to  assume  that 
the  average  temperature  within  the  coils  would  be  212  4-  40 
or  252  deg.  F.  Discharged  as  condensate  at  atmospheric 
pressure,  each  pound  of  condensate  would  contain  212  —  32  = 
ISO  B.t.u.  above  32  deg.  F.  Therefore,  each  pound  of  steam 
introduced  at  lOO-lb.  gage  pressure  would  part  with  IISS.S  — 
ISO  =  100S.8  B.tu.  As  2.301  lin.ft.  of  Hi-in.  pipe  are  required 
for  1  sq.ft.  of  external  surface,  and  the  average  difference  of 
temperature  inside  and  outside  of  the  coils  would  be  252  —  70 
or  182  deg  P.,  then,  with  a  transmission  factor  of  1.7  B.t.u. 
there  would  be: 
5000 

X    (1S2    X    1.7)    =    672,316-1-    B.t.u.  required   per  hour. 

2.301 
As    there   would   be   100S.8    B.t.u.    received    from    each   pound   of 
steam  the  coils,  would  require,  per  hour 
672.316 

-   666.45  lb. 

1008.8 
of  steam  at   100-lb.   pressure. 


Horsepower  of  Boiler — What  would  be  the  horsepower  of 
a  return-tubular  boiler  44  in.  diameter.  30  ft.  long,  contain- 
ing 23   tubes   4    in.   diameter   by   20   ft.    long? 

P.   J.   R. 

The  commercial  rating  of  a  horizontal  return-tubular 
Ijoiler  is  according  to  the  number  of  square  feet  of  heating 
surface,  allowing  10  sq.ft.  per  boiler-horsepower,  assuming 
the  heating  surface  to  consist  of: 

(a)  The  surface  of  the  shell  which  is  exposed  to  the  fire, 
plus 

(b)  The  internal  surface  of  all  the  fire  tubes,  plus 

(c)  The  heating  surface  of  the  heads,  which  is  to  be  taken 
as  equivalent  to  the  gross  area  of  one  head,  less  twice  the 
cross-section  area  of  the  tubes. 

The  circumference  of  a  44-in.  diameter  boiler  would  be  44 
in.  X  3.1416  =  13S.23  in.  Assuming  that  one-half  of  the 
shell  would  be  utilized  as  heating  surface,  one-half  of  the 
circumference  would  be 

13S.23 

=   69.11    in. 


The  length  being  20   -|-    12    =    240  in.,  there  would  be 

(a)   240    X    69.11    =   16,586.4  sq.in. 
of  heating  surface  in  the  shell. 

A   4-in.    boiler   tube,  has   an   internal    diameter    of    3.732    in., 
hence  the  Internal  circumference  would   be 

3.732    X    3.1416    =    11.724    in. 
Each   tube   being   240    in.    long,    the   heating   surface   of   a    tube 
would  be 

11.724    X    240   =   2813.76  sq.in., 
and  for  23  tubes  the  heating  surface  would  be 

(b)    2813.76    X    23    =    64,716.48   sq.in. 
The  area  of  one  44-ln.  head  would  be 

44    X    44    X    0.7854    —    1520.5  sq.in. 
Each  tube  being  4  in.   In   diameter   its  cross-sectional   area   Is 

4    X    4    X    0.7854    -    12.566  sq.in., 
and  twice  the  area  removed  by  the  presence  of  23  tubes  would 
be 

2    X    23    X    12.566    —    578    sq.in. 
Hence  the   heating  surface  allowed   for  the   heads  is 

(c)    1520.5  —  578   =   942.5. 
Adding  results   (a),   (b)  and   (c)   gives 

16.586.4    -I-   64.716.48    -f    942.5    =    82.24S.38  sq.in.. 


82,245.38 


571.14  sq.ft.  of  heating  surface 


and  the  boiler  would  be  rated  at 

571.14    4-    10    —    67.1    hp. 


rcorrespondents  sending  us  Inqulrien  should  sign  their 
c(.mmunlcatlons  with  full  names  and  post  omee  addresses. 
This  Is  necessary  to  guarantee  the  good  faith  ^f  the  j'_ommunl- 
callons   and    for    imiulries    '  '         "        '"         T3-ri.T.,.ij 


r-elve    attention.— EDITOR.) 


580  POWER  Vol.  40,  No.  1  fl 

MinHiiniuiiiiiiiiiiiiiiniiiiiiiiiinniiiniiiiiniiiiiiiiiiiiinii iiiiiiiiiiiii iiiiiiiiiniiiiniiiiiiiiii iiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiniiiiii in iiiiiiniiii i i iiiiii iiiiiniiii iiiiiiniiiiiiiiiiiiiiiiiiiinii iiiiu iii ii iiiiiiiiiiiiiniiiiiiiiiiiiiiniiiiiiiii iii| 

I  Eimgiinieers''  Stadia  Course  f 

|i„„g,„„ig,„j iniiiiiiiiiiiiiiiininiiiiiini iiiiiiinniiniiiiiiiiiiiiiiiiiiiiiiiiniimiiiiiini iiiiiiiii iiiiiiii i m i iiiiiihiiiiiiiih in nnnniiii i iiiiiiini niiiiniiiiiiiii i iiiinniiinniiiiiininnnnnii iiiiiiiii iiiiini nniiiiiiiinuuiiiiiiiiiiii 


By  iH.vui.Ks  L.  Hlbbard 
Analysis  of  Problem 

In  tlie  present  article,  and  those  which  are  to  follow, 
it  is  proposed  to  take  u])  the  various  problems  which  arise 
in  the  design  of  the  power  and  heating  equipment  of  a 
large  industrial  plant. 

While  details  of  construction  will  be  considered  to  some 
extent,  especial  attention  will  be  given  to  the  "blocking 
out"  of  the  general  scheme.  In  plants  of  this  kind,  tlie 
different  parts  of  the  equipment  are  so  related  to  one 
another  that  it  is  often  difficult  to  decide  just  where  to 
begin  in  making  the  various  computations.  Methods 
will  first  be  given  for  analyzing  a  problem  of  this  kind, 
arranging  the  various  requirements  under  suitable  heads, 
and  collecting  the  nec-essarv  working  data.  After  this, 
the  various  steps  in  design  will  be  taken  up  in  their 
proper  order  and  applied  to  a  practical  example,  which 
will  be  continued  throughout  the  series.  Each  install- 
ment will  treat  of  some  particular  phase  of  the  subject 
and  will  be  complete  in  itself,  but  at  the  same  time,  they 
will  follow  in  logical  order,  and  taken  together,  cover  the 
ground  with  some  considerable  degree  of  thoroughness. 
This  series  of  articles  is  intended  for  the  practical  oper- 
ating man,  and  all  mathematical  work  will  be  given  in 
as  simple  and  condensed  form  as  possible. 

Gexeeal  Conditions  of  the  Problem 

Let  Fig.  1  be  the  diagram  of  a  proposed  plant  for  the 
manufacture  of  general  machinery,  in  which  the  problem 
is  to  work  out  a  general  scheme  for  supplying  power, 
light,  heat  and  water.  Certain  fixed  conditions  will  be 
given  which  must  be  fulfilled,  but  within  these  limits  a 
sufficient  leeway  will  be  allowed  for  a  consideration  of 
various  methods  for  accomplishing  the  same  results. 

Power — Let  the  power  requirements  in  the  various 
buildings  be  as  follows:  Main  shop,  .250  hp.  delivered  at 
the  machines,  when  all  are  running  together,  150  hp. 
of  this  to  be  furnished  by  the  motors  belted  to  line  shaft- 
ing and  100  hp.  furnished  by  individual  motors  at  the 
machines. 

Foundry — Thirty  delivered  horsepower,  15  hp.  belted 
to  line  shafting  and  15  liji  in  motors  direct  connected 
to  machines. 

Forge  Shop — Twent\-five  delivered  horsepower,  15  hp. 
belted  to  the  line  shafting  and  10  hp.  in  direct-con- 
nected motors. 

Pattern  Shop — Twenty  delivered  horsepower,  with 
motor  belted  to  line  shafting. 

Carpenter  Shop — Five  delivered  horsepower,  with  mo- 
tor belted  to  line  shafting. 

The  electric  power  is  to  be  used  throughout  the  plant, 
partly  by  motors  belted  to  line  shafting  and  partly  by 
direct  drive  on  individual  machines.  Air  compressors  for 
power  hammers  in  the  forge  shop  and  for  other  purposes 


arc  to  he  motor  driven,  and  are  included  in  the  general 
power  requirements  above  noted. 

Lighting — The  plant  is  to  be  lighted  by  electricity  gen- 
erated on  the  premises,  the  reqtiirements  being  as  follows : 
The  erecting  si)aee  in  the  machine  shop,  foundry,  forge 
shop,  boiler  and  engine  rooms,  carpenter  and  paint  shops 
and  storehouses  are  to  be  lighted  with  are  lights,  while 
incandescent  lighting  is  to  be  used  in  that  portion  of  the. 
machine  shop  occupied  by  machine  tools  and  benches, 
tool  room,  pattern  shop,  drafting  room  and  office.  In 
addition  to  the  above,  eight  ai'c  lights,  'vip  to  be  provided 
for  outside  lighting. 

Heating  and  Ventilation — The  methods  of  heating  and 
ventilation  employed  are  to  be  those  best  adapted  to  the 
various  buildings  and  departments,  both  effectiveness  and 
economy  of  operation  being  considered. 


/?./?.    TRACK 
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IOO\I50' 
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eO'x  10 
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Fig.  1.  Diagram  of  a  PiiOPosKD  .Plant  j 

Water  Supplij — AA'ater  for  boiler  feeding,  condensing 
and  fire  protection  is  to  be  drawn  from  a  river  500  ft 
distant,  the  surface  of  which  is  50  ft.  below  the  boiler- 
room  grade. 

General  Analysis 

'I'lie  conditions  of  the  problem  state  that  electrical  dis- 
tribution of  ])ower  is  to  be  employed,  which  means  th^ 
the  power  house  may  be  located  independently  of  tBlP 
main  shop,  if  desired,  as  it  will  not  be  necessary  to  bdt 
from  the  main  engine  to  the  line  shafting.  This  item 
may  have  a  certain  bearing  upon  the  arrangements  for 
the  handling  and  storage  of  coal,  steam  disti'il)ution. 
water  supply,  etc.  Furthennore,  a  generating  plant  nnist 
1)6  installed  which  will  supply  current  adapted  to  both 
power  and  lighting,  and  sufficient  capacity  to  offset  the 
losses  in  transmission  of  mechanical  energy  into  elec- 
trical energy  and  back  into  mechanical  energy  again  at 
the  machines. 

The  type  of  engine  must  be  considered,  and  compu- 
tations made  to  determine  the  advantages,  if  any,  of  com- 
pounding  and    of   providing   condensing   apparatus   for 
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5iimmer  use.  The  type  of  boilers,  mechanical  stokers, 
forced  or  natural  draft,  coal-handling  macliinery,  etc., 
are  a'l  matters  to  be  taken  up  in  order.  The  details  of 
the  electrical  distribution  and  of  lighting  will  not  be 
included  in  the  problem,  but  the  power  required  for  this 
purpose  must  be  computed  approximately  to  determine 
the  capacities  of  the  generators,  engines  and  boiler  plant. 

The  quantity  of  steam  required  for  heating  in  the  cold- 
est weather  muct  be  computed  and  compared  with  the 
iTai]al:ile  exhaust,  licfore  determining  the  size  of  the 
boiler  plant.  The  amount  of  ventilation,  beyond  a  cer- 
tain point,  will  be  governed  to  a  certain  extent  by  the 
imount  of  exhaust  steam.  For  example,  if  the  supply 
is  less  than  is  necessary  for  heating  purposes  in  the  cold- 
;st  weather,  the  amount  of  ventilation  may  be  reduced 
it  such  times,  and  leakage  be  depended  upon  largely  to 
supply  fresh  air;  while  if  there  is  more  exhaust  steam 
;han  is  required  for  heating,  it  should  all.  or  such  portion 
js  can  be  profitably  utilized,  be  employed  in  improving 
;he  ventilation.  Before  finally  computing  the  quantity 
)f  steam  required  for  heating  and  ventilating,  it  will  of 
;ourse  be  necessary  to  decide  upon  the  type  of  systen:  to 
DC  employed  in  each  building,  and  the  amount  of  fresh 
nitside  air  to  be  supplied  in  the  coldest  weather.  In 
letei-mining  the  size  of  apparatus,  maximum  conditions 
nust  be  assumed,  but  when  computing  costs  of  operation 
"or  determining  the  effect  of  compounding,  condensing, 
!tc..  the  conditions  throughout  the  entire  year  must  be 
:aken  into  account. 

Comparisons  between  steam  requirements  for  heating 
md  ventilation,  and  available  exhaust,  must  be  carefully 
nade  from  day  to  day.  and  for  different  parts  of  the  day 
ivhen  there  are  considerable  changes  in  load,  as  during 
;he  lighting  season.  Tables  or  curves  should  be  prepared 
ihowing  the  relation  between  power  and  heating  require- 
nents  for  the  entire  heating  season.  It  will  not  usually 
)e  necessary  to  include  each  day  separately,  but  will  be 
sufficiently  accurate  for  most  cases  if  the  .season  is  di- 
ddcd  into  periods  of  alwut  two  weeks  each  and  average 
ralues  for  these  periods  used  in  the  table. 

The  quantity  of  water  required  by  the  plant  will  de- 
fend largely  upon  whether  the  engines  are  to  be  run 
•ondensing  during  the  sunmier,  and  cannot  be  determined 
iccurately  until  this  point  has  been  definitely  settled. 
rhe  distance  the  water  is  to  be  brought,  and  the  elevation 
jf  lift,  will  make  it  necessary  to  force  it  to  tlie  ])laiit 
■ather  than  raise  it  by  suction.  To  have  a  supply  on 
land  at  all  times  for  fire  and  other  purposes,  it  will  be 
lest  to  provide  a  storage  reservoir  of  some  fonn  upon 
he  premises  and  supply  this  by  means  of  a  pumping 
jntfit  located  at  such  a  point  as  may  be  necessary  to 
icdnce  the  suction  lift  tn  a  height  not  exceeding  12  or 
1 5  ft.  The  reservoir  should  lioid  at  least  a  day's  8up])ly 
ind  connect  with  the  various  pumps.  ,\s  the  plant  is  to 
»e  of  fireproof  construction,  i)  will  oidy  be  necessary,  in 
nost  cases,  to  provide  hydrants  outside  and  a  suitable 
mmber  of  hose  connections,  with  liose  attached,  inside. 
n  the  paint  and  carpenter  »ho])s.  pattern  shop,  drafting 
com  and  offices,  it  would  seem  best  to  install  automatic 
prinklers,  as  these  departments  contain  a  considerable 
mount  of  inflammable  iiiat(  rial. 

AvAiLABLK  Data 

The  conditions  of  the  problem  already  given,  and  a 
ct  of  architect's  prints  of  the  different  buildings,  will 


furnish  suflficient  data  for  working  out  the  designs  called 
for.  Beferring  to  Fig.  1,  the  approximate  location  of 
the  power  house  is  indicated  in  dotted  lines,  the  dimen- 
sions and  general  arrangement  of  this  are  to  be  deter- 
mined by  the  engineer,  and  the  details  of  construction 
worked  out  afterward  l)y  the  architect. 

In  what  follows  in  the  way  of  design,  the  chief  object 
to  be  kept  "i  view  is  the  method  of  making  tlie  compu- 
tations and  the  general  order  in  which  the  different  parts 
of  the  plant  are  taken  up  rather  tlian  the  exact  condi- 
tions assumed.  These,  however,  will  be  made  to  follow 
average  practice,  so  far  as  possible,  and  suflficient  general 
data  will  be  given  to  enable  the  reader  to  apply  the 
methods  to  other  conditions  of  a  similar  nature. 


The  Thoeus-ileterie  steam  trap  is  designed  for  the  dis- 
charge of  water  of  condensation  at  any  pressure  from  1  to 
300  lb.  per  sq.in. 

Its  working  parts  are  made  of  non-corrosive  material. 
Gravity  is  employed  as  the  motive  power.  A  weight  A, 
balanced  when  half  submerged,  acting  exactly  like  a  float, 
opens  or  closes  a  balanced  valve  B,  which  is  always  sub- 
merged, thus  allowing  no  escape  of  steam. 

In  appearance  the  body  of  the  trap  is  spherical  and  is 


PO«E.R 

Section  ■rnif()i(;ii  Tikikns  Mktkkik  Sikam  Tisai' 

.so  designed  tiutt  it  can  be  ojiened  witlunit  breaking  the 
inlet  or  outlet  connections.  The  lialf-submerge<l  weight  A 
is  made  of  clinker-burned  tile,  that  is  indestruetil)le  by 
heat  or  water.  The  counterbalancing  weight  ('  is  of 
cast  iron.  The  outlet  valve  is  accurately  balanced  by  hav- 
ing both  disks  of  exar'tly  the  same  diameter.  To  i)revent- 
the  inflowing  water  impinging  on  the  half-submerged 
weight  and  thereby  disturbing  equilibrium,  a  dash-plate 
is  placed  below  the  inlet  pipe. 

The  trap  is  a  short  distance  below  the  vessel  or  coils 
to  be  drained.  It  is  bandied  by  James  II.  Fogarty,  12<> 
Liberty  St.,  New  York  City. 
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OV^R  THE  SFSILILWAY 

JUST  JEST  ti,  JABS,  JOSHESAN'D  JUMBLES 


"Boileimaker"  asks  the  New  York  daily  press  to  help  sub- 
fiae  the  noises  in  that  city.  Say,  when  a  boiler  maker  com- 
plains of  noise,  it's  pretty  near  time  to  take  cognizance! 

"We  grrieve  to  prick  this  brilliant  bubble,  but  our  [British] 
trade  is  not  strangled,  our  hands  not  tied,  and  me  are  ready 
to  fill  orders  tor  all  kinds  of  electrical  machinery,"  says  the 
London  "Electrical  Review." 

This  very  harsh  languagre  is  a  rebuke  to  the  "Electrical 
World"  and  to  Doc.  Louis  Bell  for  intimating  that  England 
is,  industrially,   "hors  ccncours"     Intimators,   take   notice. 


The  New  York  Electrical  show  this  year  frazzles  all  former 
efforts.  Everything  is  being  done  by  this  popular  juice,  from 
resuscitation  after  a  bichloride  of  mercury  tablet  to  raising 
chickens  and  making  money.  (The  money  is  made  by  U.  Sam 
in  his  miniature  mint  exhibit.)  And  there  are  battleships  and 
cows,  and  hair-raisers  and  telescribes,  and  shampoos  and 
pigs,  and — well,  you  have  to  be  there  to  get  it  all. 


Says  a  contemporary  about  the  Kansas  City  pumping  sta- 
tion: Trouble  caused  by  small  pieces  of  waste  clogging  the 
lubricators  is  entirely  removed  when  the  oilers  use  towels. 
Sure,  but  did  you  ever  try  a  hard-boiled  sheet  or  a  cotton  sock? 
SB 

Answering  the  inquiry,  what  are  the  seven  wonders  of 
the  world?  every  answer  includes  "electricity,"  says  the 
paper.  This  big  wonder  makes  us  wonder  how  anyone  could 
overlook  it. 


Some  More  from  Samoa 

There  was  a  yomin  vtan  from  Samoa 
Who  never  knew  what  tras  in  store 
When  he  signed  mi  the  ship  "Sarah  Gore" 
With  a  hold  full  oj  freight  for  Lahore. 

The;/  set  him  to  firing  soft  coal  through  a  door 
That  belched  heat  and  flames  that  scorched  him  sore. 
The  like  of  which  nerer  was  known  in  Samoa — 
Xor  gages  that  always  had  trouble  in  store. 

He  never  had  fired  before — 

And  he'll  never  again — on  the  "Gore." 

Down  weJit  that  gage  near  the  door 

As  he  dreamed  some,  and  more,  of  Samoa. 

Quick  was  he  wakened  and  lifted  before 

The  fist  of  the  chief,  who  felt  mighty  sore 

That  he  couldn't  do  murder  right  there  on  the  floor. 


By  a.  L.   Temi'le 

There  are  mauj'  cases  where  the  vise  of  an  e.Kpensive 
auto-starter  for  an  induction  motor  of  medium  size  that  is 
started  only  once  a  day  i,s  a  considerable  burden  of  ex- 
pense and  one  that  the  operating  man  would  like  to  get 
around.  The  use  of  starting  and  ruiming  fused  circuits 
with  double-throw  switches,  which  has  catised  no  much 
discussion  with  underwriters'  inspectors,  was  devised  for 
this  purpose  and  in  many  cases  works  well,  if  allowed. 
Another  means  which  seems  to  work  equally  as  well  and 
one  against  which  the  underwriters  are  not  so  strenuously 
opposed,  is  the  delta-star  connection  of  motor-stator  wind- 
ings. The  connections  for  this  arrangement  are  shown 
in  the  accompanying  illustration.  It  is  required  that  the 
phase  terminals  of  the  motor  windings  be  brought  out  to 
pome  convenient  point  so  that  connections  can  be  made 
to  tlie  line  circuits ;  this,  however,  is  not  a  serious  draw- 


Up  for  running 
delta  connecfion 


Delta-Stai!  Staktixg  Coxxections 


'Stead  of  painting  the  ship  with  his  gore. 
They  Imvered  him,  pointing  to  shore — 
He's  now  on  his  way — to  Samoa. 
W. 
"What  the  public  wants  is  a  window  through  which  it  can 
look   into   the   affairs   of  public   service   corporations,"    says   a 
traction  man. 

Yes,  and  just  about  the  time  Public  is  giving  it  the  once- 
over, the  corporation  usually  jambs  the  sash  down  on  his 
fingers  or  has  him  pinched  for  a  Peeping  Tom. 

Among  the  American  delicacies  now  finding  favor  among 
the  nations  of  Ceylon  are  canned  fish,  face  powder  and  a 
growing  respect  for  our  manufacturers.  Looks  like  the 
Province  of  Sabaragamuwa  had  tipped  off  the  rest  of  the 
island  to  our  merits. 


Rep.  Nelson  of  Wisconsin  told  the  House  he  has  ever  been 
a  "bloodhound  on  the  trail  of  the  octopus."  Must  be  like  one 
of  those  sea  dogs  we  saw  in  Milwaukee  diving  off  a  jackknife 
bridge  into  the  canal  after  catfish  with  a  diving  suit  on. 
Octopuses  act  real  queer  if  you  sit  up  late  enough  to  watch 
'em  come  up  on  the  bank.     It's  the  only  way  you  can  trail  'em. 


"Japs  Have  Taken  Yap." — Headline. 

And  what  have  the  Yaps  taken — to  the  tall  timber?  We 
can  spare  a  few  yaps  who,  if  they  could  have  the  running  of 
the  plant,  wouid  do  it  so  much  better  than  the  chief.  Some- 
how, they  never  get  a  chance  to  do  much  else  than  yap. 


back  to  the  operator,  who  has  .some  idea  of  how  the  stator 
winding  is  made  up.  In  case  new  motors  are  to  be  pur- 
chased, there  is  a  tyjje  on  the  market  that  has  special 
arrangements  for  bringing  out  the  phase  terminals, 

Tlie  working  of  this  arrangement  is  as  follows:  With 
tlie  double-throw  switch  down,  the  windings  are  i  onnected 
ill  star  and  when  up  in  delta.  When  connected  in  star 
the  voltage  per  phase  on  the  motor  windings  is  1  -;-  V  3 
=  58  per  cent,  of  the  line  voltage,  sufficiently  low  so 
that  the  motor  starts  without  an  excessive  starting  cur- 
rent, which  is  about  1%  times  that  at  full  load.  Since 
tlie  starting  torque  of  the  induction  motor  is  proportional 
to  the  square  of  the  starting  voltage,  the  starting  torque 
for  the  star-delta  method  is  33  per  cent,  of  that  for  the 
full-line  voltage. 

The  size  of  .switches  to  satisfy  the  underwriters  when 
using  this  means  should  be  as  follows:  A  switch  of  30 
amp.  for  l/^-  to  7i/4-hp.  motors,  100  amp.  for  25-  to  35- 
h)].  motors  and  200  amp.  for  40-  to  50-hp.  motors. 

The  main  oljjection  to  this  method  is  lack  of  starting 
torque  in  comparison  with  the  auto-starter. 
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SYNOPSIS — The  principal  hindrance  in  building  a 
steam  turbine  of  very  large  caparify  arises  from  the  im- 
mense volume  which  the  steam  takes  at  the  low  terminal 
pressures  attained  and  the  difficulty  of  providing  area 
enough  in  the  final  blades  for  this  steam  to  get  through 
without  too  much  residual  velocity.  The  article  shows 
some  late  attempts  of  the  inventors  to  meet  this  situation. 

One  of  the  factors  which  limit  the  capacity  of  steam 
turbines  is  the  difficulty  of  providing  for  the  great  vol- 
ume which  the  steam  assumes  in  the  final  stages. 

This  volume  increases  at  a  rapid  rate'as  the  pressures 
diminish  to  those  existing  in  the  final  stages  with  the  high 
vacuums  now  sought.  A  pound  of  dry-saturated  steam 
at  an  absolute  pressure  of  230  lb.  occupies  a  volume  of 
about  2  cu.ft.  In  a  vacuum  this  increases,  in  round  num- 
bers, as  follows : 


Vacuum 

Absolute 

Relative 

Pressure 

Volum 

e. 

of  Jlercury 

In.  Mercury 

Cu.Ft.  per 

Lb. 

2. 004  =:  1 

20 

10 

75 

22 

8 

92 

46 

24 

6 

120 

60 

26 

4 

178 

88 

28 

2 

339 

169 

29 
29.5 

1 
0.5 

654 
1257 

326 
627 

By  F.  R.  Low 

vohnne  in  cubic  feet  per  pound;  the  second,  the  volume 
after  adiabatic  expansion  to  85  degrees  F.,  and  the 
last,  found  by  dividing  the  second  value  by  the  first,  the 
ratio  of  expansion  or  the  number  of  times  the  final  vol- 
ume is  as  great  as  the  initial.  Xotice  that  the  higher 
the  initial  pressure  or  superheat,  the  smaller  the  finnl 
volume.  This  is  because,  starting  with  more  pressure  or 
superheat,  the  steam  does  more  work  with  consequently 
greater  heat  conversion  and  condensation,  a  less  per- 
centage of  it  being  steam  even  with  its  higher  initial 
heat  content  than  in  the  case  of  the  lower  initial  pres- 
sure or  temperature. 

These  figures  are  theoretical,  based  on  adiabatic  ex- 
pansion. As  the  result  of  all  the  departures  from  this 
mode  of  expansion — except  the  inconsiderable  loss  due 
to  radiation — is  to  carry  the  heat  to  the  lower  stages  and 
add  it  as  heat  to  the  acting  steam  itself,  the  actual  final 
volumes  and  ratios  of  expansion  are  even  greater  than 
those  shown  here. 


If  the  steam,  at  230  lb.  absolute  and  dry-saturated  to 
start  with,  were  still  dry-saturated  after  being  worked 
to  a  vacuum  of  29.5  in.,  its  final  would  be  627 
times  its  initial  volume.  This  is  modified  considerably 
by  the  fact  that  the  initial  volume  will  be  greater  if 
superheat  is  used  and  that  a  considerable  percentage  of  the 
steam  is  condensed  during  expansion,  but  not  so  much 
as  would  be  if  the  expansion  were  adiabatic  on  account 
of  the  carrying  of  some  heat  to  the  lower  stages  by  con- 
duction and  to  the  generation  of  heat  by  eddy  and  fric- 
tion. The  accompanying  table  gives  the  approximate 
volumes  in  cubic  feet  for  steam  of  various  initial  pres- 
sures and  degrees  of  superheat  expanded  to  the  pressure 
corresponding  to  85  degrees  F.,  0.59J:  pound  per  square 
inch. 

INITIAL  AND  FINAL  VOLU.MES  AND  R.4TI0S   OF    EXP.^NSION    OF 

STEAM  EXPANDED  ADIABATICALLY  TO  S3  DEC.  F. 
Pressure  Lb.  Superheat,'-Deg.  Fahrenheit 


Fig.  1. 


R.  11.  Rre's  8i"i;t;EsTio.v 
Disks 


OF   EXLAIfGED   FiXAL 


per  Sq.ln. 
Absolute 

0 

50 

ino 

150 

200 

2.50 

100 

4.43 
427 
96 

4.79 
437 
91 

5.14 
445 
87 

5.47 
453 
83 

5  80 
4B0 
79 

fi  12 
467 
76 

Initial  volume 
Final  volume 
Ratio  of  expansion 

120 

3.73 
42.'! 
113 

4.04 
433 
107 

4  33 
441 
102 

4.62 
449 
97 

4.89 
456 
93 

5.17 
463 
90 

Initial  volume 
Final  volume 
Ratio  of  expansion 

140 

3  22 
419 

130 

3  49 
429 
123 

3  75 
438 
117 

4.00 
445 
111 

4.24 
4.53 
107 

4.48 
459 
102 

Initial  volume 
Final  volume 
Ratio  of  expansion 

IfiO 

2  83 
416 
147 

3  07 
426 
139 

3  .30 
435 
132 

3.53 
442 
125 

3.74 
4.50 
120 

3  95 
463 
117 

Initial  volume 
Final  volume 
Ratio  of  expansion 

180 

2  .53 
414 
164 

2.75 
424 
154 

2.90 
432 
146 

3   10 
440 
139 

3  35 
447 
133 

3  .54 
454 

128 

Initial  volume 
Final  volume 
Ratio  of  expansion 

200 

2  29 
411 
ISO 

2.49 
421 
169 

2.68 
430 
160 

2.86 
437 
153 

3.04 
445 
116 

3.21 
451 
140 

Initial  volume 
Final  volume 
Ratio  of  expansion 

220 

209 
409 
195 

228 
419 
183 

2  45 
428 
175 

2.62 
4.35 
166 

2.78 
442 
1.59 

2  94 
449 
152 

Initial  volume 
Final  volume 
Ratio  of  expan.sion 

240 

192 
407 
212 

2.09 
418 
200 

2.26 
426 
189 

2.42 
4.'»4 
179 

2  .57 
441 
172 

2.71 
447 
165 

Initial  volume 
Final  volume 
Ratio  of  expansion 

260 

1  78 
405 
228 

1  94 
416 
217 

2  10 
421 
202 

224 
432 
196 

239 
4.39 
183 

2. 52 
445 
180 

Initial  volume 
Final  volume 
Ratio  of  expansion 

Of  the  group  of  three  figures  for  each  initial  coiidi- 
lif)n   of  pressure   and    siiporhoat.   the   fir^t    is   the    initial 


Allowing  the  final  volume  of  a  pound  to  be  450  cu.it. 

and  the  steam  rate  12  lb.  per  kilowatt-hour,  a  turbine 

generating  30,000  kw.  would  discharge 

450X12X30,000       ,^  .,^„ 

^^         — =  45,000  cn.ft.  per  sec. 

GO  X  00  ■      ^ 

In  order  that  the  efficiency  of  the  later  stages  may  not 
be  impaired,  this  great  volume  must  flow  through  the 
blades  with  a  velocity  not  greatly  exceeding  twice  their 
own  ])eripheral  speed.  This  speed  is  limited  by  consider- 
ations of  centrifugal  force  and  quiet  running  in  the  di- 
rect-connected generator  as  well  as  in  the  turbine  itself. 
At  the  same  time  the  size  of  the  passage,  determined  by 
tlie  length  of  the  blades,  is  restricted  by  the  mechanical 
dillicuitics  attending  the  u.^e  of  Idades  of  great  length, 
and  1)V  the  fact  that  if  the  blade  is  too  great  a  propor- 
tion of  tiie  radius,  there  will  be  too  great  a  discrepancy 
between  its  root  and  tip  speeds,  so  that  if  the  ratio  be- 
tween the  velocity  of  tlie  steam  and  that  of  the  middle  of 
the  bhide  is  correct,  it  will  be  too  low  for  the  tip  and 
too  high  for  the  root. 

The  struggle  is  therefore  to  get  greater  )icriplicril 
velocity  for  the  final  blades  and  greater  section  through 
them  in  order  to  keep  the  ratio  between  the  steam  an>l 
l)lade  velocity  down  to  the  proper  point. 
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It  is  the  custom  of  all  builders  of  reaction  turbines  that 
are  desijmecl  for  28-in.  vacuum,  or  better,  to  change  the 
angles  of  the  last  one  or  few  rows  of  blades,  increasing 
the  angle  with  the  direction  of  motion,  saj',  using  an  an- 
gle of  40  deg.  instead  of  20,  Fig.  6,  and  by  this  means 
doubling  the  area  of  passage  wav  at  some  sacrifice  of  hy- 
draulic efficiency.  The  blade  thus  produced  is  often  re- 
ferred to  as  the  "wing"  blade.  It  is  understood,  of  course, 
such  a  machine  designed  for  hi^h  vacuum,  29-in.  for  ex- 


in  the  diaphragms  which  inclose  such  stages.  These  im- 
pulse wheels  or  disks  can  be  made  of  sufficient  diameter 
to  give  a  peripheral  speed  approximately  correct  for  the 
best  efficiency ;  that  is  to  say,  about  one-half  of  the  veloc- 
ity with  which  the  steam  flows.  Moreover,  the  impulse 
wheels  require  no  balancing  drum  or  dummy  pistons  and 
are  much  lighter  than  the  blade-carrying  drum  would  be. 
T\'ilhelm  Pape,  of  Charlottenburg,  Germany,  has  just 
assigned  to  the  General  Electric  Co.  a  patent  for  the  ar- 


Rafeau 


Fig.  3. 


Pape's  Tuebixe  with  Yelocity  Pressuiu:  axd 
Reaction  Stages 


ample,  the  last  row  of  blades  may  require  to  have  nearly 
double  the  blade  area  of  the  preceding  row. 

Richard  H.  Rice,  manager  of  the  General  Electric  Co. 
at  Lynn,  Mass.,  in  a  recent  patent  attacks  the  problem 
by  increasing  the  diameter  of  the  final  element,  as  shoT\ai 
in  Fig.  1,  gaining  thus  both  peripheral  speed  and  greater 
area  through  the  blades.  He  suggests  one  or  more  im- 
pulse wheels  each  carrying  preferably  but  a  single  row  of 
buckets,  operated  in  the  usual  way  with  nozzles  located 


Fig.  4.     Luxgsteuii's  Diffuser 


Fig.  3.     Junggren's  Low-Pressi:ee  TrKBixE  with  Two- Way  Exhai'st 
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raiifjoment  shown  in  Fig.  2,  in  which  a  I  three  types  of 
bhiding  are  used,  initially  a  high-pressure  velocity  stage 
(Curtis)  ;  next,  pure  pressure-impulse  stages  (Rateau), 
anrl  finally,  reaction  stages  (Parsons).  The  engraving 
shows  the  reaction  element  as  double-flow,  exhausting  in 
the  center.  This  eliminates  the  necessity  for  balancing 
plates  or  dummies,  but  the  patent  specifications  show  it 
both  single-  and  double-flow.     Due  to  the  use  of  the  in- 


diameter  of  each  wheel  or  unwieldy  lengthening  of  tho 
buckets,  the  available  bucket  area  is  doubled  in  that 
stage.  In  effect,  it  amounts  to  another  division  of  each 
subdivision  of  the  divided-flow  turbine,  so  that  during 
the  concluding  portions  of  its  passage  the  steam  has 
four  parallel  paths  instead  of  two. 

In  order  to  get  the  steam  through  the  filial  stage,  it 
must  pass  with  such  velocity  that  after  the  wheel  at  the 
available  speed  has  taken  out  all  tliat  it  can,  the  resid- 
ual velocity  represents  a  considerable  proportion  of  the 
energy  inherent  in  the  steam.  Unable  to  utilize  this 
energy  further  in  the  tiirbine,  by  reason  of  the  great 
volume    involved,    Birger    Ljungstroni,    of    Stockholm, 


Fi(!.  .-). 


Secondary-Stage  Turiuxe 


termediate  pressure  stages,  the  reaction  stages  may  be  of 
liberal  proportions,  especially  as  regards  the  diameter  at 
the  inlet,  and  the  total  number  of  such  stages  can  be 
made  relatively  small.  We  mentioned  in  1910  a  tur- 
l)ine  comprising  these  three  ty]ies  of  blading  said  to  have 
lieen  designed  by  Prof.  Beluzzo  and  built  bv  Gadda  Finzi 
&  Co.,  of  Milan. 

Since  1907  the  Westinghouse  JIachine  Co.  has  built 
tiirltines  for  certain  ranges  of  cajjacity,  having  an  ini)ndse 
element  for  the  high-pressure  followed  by  a  single-flow 
reaction  element,  this  again  followed  by  a  double-flow  re- 
action element,  the  latter  exjhanding  from  ajiproximately 
atmos])heric  pressure  to  that  of  the  condenser,  all  this  for 
the  purpose  of  being  able  to  handle  the  rapidly  increasing 
volume  of  steam  in  the  low-pressure  range. 

Oscar  Junggren,  turiiiiio  designer  of  the  General  FJcc- 
tric  Co.,  at  Schenectady,  has  patented  the  arrangement 
shown  in  Fig.  3  for  low-pressure  turbines.  After  leading 
the  steam,  which  enters  at  AA,  through  the  first  few 
stages  of  a  divided-flow  turbine,  it  is  directed  at  each 
end  of  such  turbine  against  bucket  wheels  operated  in 
parallel    so    that   without   any   excessive   increase   in    the 


ORDIN^RY      6LA.0E 


VQiS 


WING     BLADE  •^^•-■^ 

Via.  <i.       CoMPAIilSON    III-    IJl.ADK   .\NGLKS 

Sweden,  uses  it  to  bat  back  the  ju'cssure  beyond  the  final 
wheel,  and  thus  to  eiialile  the  final  expansion  to  extend 
to  a  pressure  lower  than  that  which  exists  in  the  con- 
denser itself.  In  Fig.  4,  reproduced  from  a  patent  re- 
cently issued  to  Mr.  Ljungstrom,  the  steam  entering  at 
AA  flows  through  the  blades,  which  are  fashioned  so  as 
to  form  a  noz/lc  adapted  to  the  ratio  of  expansion  for 
which  the  turbine  is  designed.  The  disk  C  to  which 
one  set  of  blades  is  attached  revolves  in  one  direction, 
and  the  disk  /)  holding  the  alternate  blades,  in  the  other 
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direction.  As  the  steam  leaves  the  last  blade  it  is  dis- 
charged at  considerable  velocity  into  the  diffuser  passages 
EEEE.  repelling  the  pressure  which  exists  in  the  spaces 
FF  connected  to  the  condenser.  The  pressure  in  the 
last  blade  may,  therefore,  become  by  expansion  less  than 
that  which  the  condenser  is  able  to  maintain. 

W.  J.  A.  London,  of  Manchester,  England,  runs  a 
lot  of  secondary  reaction  stages  in  parallel  behind  a 
single  initial  Curtis  velocity  stage  wheel.  Steam  enters 
at  .1 .  Fig.  5,  through  a  series  of  nozzles  of  which  the  gov- 
ernor opens  more  or  less,  letting  in  more  or  less  steam  ac- 
cording to  the  load.  The  steam  discharged  from  the 
Curtis  blading  passes  into  the  chamber  B,  and  thence 
through  the  passage  C  to  the  reaction  element  D.  As 
the  amount  of  steam  admitted  becomes  so  great  that 
this  reaction  element  cannot  take  it  all  away  and  pressure 
commences  to  build  up  in  the  chamber  B,  the  valve  H 
i«  lifted,  opening  successively  the  passages  e,  f  and  ff, 
permitting  the  escape  of  the  steam  to  the  elements  E, 
F  and  G,  which  are  automatically  brought  into  action 
according  to  the  amount  of  steam  flowing. 


States  of  Atui^osiagiftac  StoS^ers* 

BY   R.    J.    S.    PIGGOTT 

The  principal  considerations  in  the  design  of  a  stoker  are: 

Coking    of    green    coal. 

Adequate  mixture  and  heating  of  volatile  matter  with  air, 

Burning    of    fixed    carbon. 

Disposal  and  dumping  of  ash  and  clinker;  other  points, 
only    less    important    than    the    first    four    are, 

I'revention  of  sifting, 

Prevention  of  clinker  adherence  to  brickwork  and  stoker 
parts. 

OVERFEED    STOKERS 

The  principal  overfeed  types  of  stokers  are  the  Roney, 
Wilkinson,  Wetzel,  Murphy,  Model,  Detroit  and  Lehigh.  The 
Roney  steo  grate  has  renewable  fingers  as  a  grate  surface; 
the  Wilkinson,  hollow  stepped  bars  from  top  to  bottom  of  the 
furnace;  the  Wetzel  has  bars  from  top  to  bottom  of  the 
furnace,  with  lugs  cast  on  the  sides  to  retain  the  coal; 
the  Murph}-,  Model  and  Detroit  are  almost  alike,  having  bars 
similar  to  the  Wetzel,  but  two  grates  set  opposite  to  each 
other  in  the  form  of  a  "V"  with  a  coking  arch  over  the 
whole.  In  addition,  a  set  of  clinker  rolls  or  crushers  is  added 
at   the    bottom   of   the   "V." 

In  all  of  these  stokers,  coal  is  pushed  in  at  the  top  of 
the  slope  and  coked  by  the  aid  of  a  firebrick  arch,  progress- 
ing down  by  the  motions  of  the  grate  bars,  aided  by  gravity. 
In  all,  the  upper  portion  of  the  bars  is  arranged  to  retain 
the  uncoked  fine  coal  upon  the  grates,  changing  to  larger 
and  freer  openings  in  the  lower  two-thirds,  where  the  coal 
has  fused  into  larger  bodies,  and  the  combustion  is  chiefly 
that  of  fixed  carbon.  The  clinker  is  collected  at  the  bottom 
and   there   crushed   by   rolls   or   dumped. 

The  coking  action  is  confined  to  a  zone  at  the  top  of  the 
furnace  and  must  necessarily  generate  a  copious  volume 
of  hydrocarbon  gases  which  cannot  be  adequately  and  inti- 
mately mixed  with  air;  because  the  green  coal  packs  closely 
and  is  almost  impervious  to  air,  under  slight  differences  of 
pressure;  so  that  the  air  for  burning  the  volatile  matter  must 
be  supplied  either  from  the  air  openings  in  the  arch,  or 
from  excess  air  admitted  through  the  lower  portion  of  the 
grates.  In  the  short  distances  from  the  grate  to  the  tubes, 
except  in  such  boiler  settings  as  the  Stirling,  the  time  be- 
tween leaving  the  grate  and  reaching  the  tubes  is  too  short 
to  allow  thorough  mixing  of  the  gas  and  air;  so  that  cooling 
occurs  before  the  gases  can  mix  and  burn,  and  incomplete 
combustion    results. 

The  burning  of  fixed  carbon  is  easy,  as  coking  leaves  it 
more  or  less  open  and  porous,  and  the  fusion  of  siftings  into 
larger  masses  allows  plenty  of  air  to  be  admitted.  In  fact, 
the  usual  operation  permits  a  considerable  excess  of  air  at 
this   portion    of   the    grate.      The    evidence    is   to   be   found    in 


♦From  the  report  of  the  Committee  on  Power  Generation, 
presented  before  the  Engineering  Association  of  the  Ameri- 
can Electric  Railway  Association  at  Atlantic  City,  Oct.  12 
to    16,    1914. 


the  smoky  red  flame  passing  up  through  the  tubes  over 
the  coking  zone,  changing  through  yellow  to  blue  and 
finally  to  the  clear  and  almost  flameless  fire  indicating  excess 
air  at   the  dump-grate  end. 

The  accumulation  of  excessive  clinker  must  be  prevented 
by  slicing  and  periodic  dumping;  if  left  for  long  periods  to 
burn  out  all  combustible,  the  clinker  is  liable  to  be  large 
and  hard  to  dislodge.  If  dumped  at  short  intervals,  the  com- 
bustible is  not  all  burned  out.  The  roll  crusher  employed 
in  the  V-types  is  apt  to  give  trouble  from  adhering  clinker 
and  refusal  to  grip  large  clinkers,  necessitating  excessive 
barring. 

Sifting  to  the  extent  of  5  to  8  per  cent,  occurs  in  all  over- 
feed stokers,  depending  on  the  air  space  allowed  and  thf 
length  of  time  the  stoker  has  been  in  use.  In  all  the  over- 
feed stokers,  since  the  hot  fixed  carbon  combustion  occurs 
directly  on  the  grates,  burning  of  iron  is  considerable, 
especially  with  high  sulphur  coals.  The  pyrites  and  sulphur 
have  a  fluxing  action  on  the  iron.  Once  the  clinker  gets 
down  to  the  iron,  and  the  bar  becomes  overheated,  the  whole 
bar  may  melt  and  run  down  in  a  few  minutes,  by  what 
appears  to  be  a  catalytic  action. 

Any  of  these  stokers  will  operate  with  fair  efficiency  and 
little  trouble  from  clinker  and  burning,  if  operated  at  their 
proper  capacity,  as  rated  in  pounds  per  square  foot  of  grate 
area.  At  the  present  time  it  is  considered  good  practice  to 
provide  suflicient  stoker  capacity  to  operate  the  boilers  at 
200   per   cent,    of   rating   continuously. 

CHAIN-GRATE    STOKERS 

The  chain  grate  group,  such  as  the  Green,  Babcock  & 
Wilco.K,  Illinois,  Coxe,  Mackenzie  and  Laclede  constitute  a 
successful  type  for  the  burning  of  a  certain  class  of  bitum- 
inous coal,  namely,  high  volatile  (30  to  40  per  cent.)  and 
high  ash  (10  to  20  per  cent.).  They  are  subject  to  many 
of  the  slope-grate  overfeed  drawbacks,  but  have  additional 
advantages.  Coking  occurs  in  a  zone  at  the  entrance  to  the 
stoker,  but  as  the  coking  arch  is  much  longer  than  for  the 
slope-grate  types,  the  mixing  of  air  and  volatile  matter  is 
more  effective,  and  less  loss  due  to  incomplete  combustion 
of  gases  results.  The  burning  of  fixed  carbon  is  accomplished 
in  the  same  way  as  on  the  slope-grate  overfeeds.  Clinker 
troubles  are  reduced,  as  the  grates  are  entirely  cleared  of 
ash  and  clinker,  and  cooled  by  the  return  on  the  under 
side,  once  every  complete   revolution   of  the   grate. 

The  ash  and  clinker  dump  automatically  at  the  water  or 
air-back,  and  no  hand  slicing  is  necessary.  Labor  is  therefore 
less  than  for  the  slope-grate  overfeeds.  One  stoker  operator 
is  required  to  four  Roney  type  stokers  of  500  to  600  hp. 
rating,  and  one  coal  passer  for  about  every  five  or  six 
stokers.  One  stoker  operator  and  one  coal  passer  can 
handle  about   ten   cHain   grates. 

The  weight  of  the  chain  grate  is  the  highest  of  any 
type.  For  instance,  a  Roney  stoker  for  a  600-hp.  B.  &  W. 
boiler,  12  ft.  6  in.  width  of  furnace,  weighs  30,000  lb.;  a  Green 
type-L  chain  grate  for  the  same  furnace  "weighs  SO, 000  lb.; 
the  Illinois  stokers  weigh  from  60,000  to  82,000  lb.,  depending 
on  the  type,  and  a  Taylor  underfeed  with  extension  grates, 
32,000  lb. 

The  forcing  capacity  of  the  chain  grates  is  somewhat 
higher  than  that  of  the  slope  grate  overfeeds,  except  the 
Wilkinson  and  Lehigh,  since  forced  draft  can  be  employed 
as  well  as  natural  draft;  however,  it  has  not  been  very 
successful  to  use  forced  draft  with  certain  kinds  of  coal. 
The  maximum  boiler  rating  obtainable  ordinarily  with  the 
Roney  or  Murphy  types  is  190  per  cent,  of  rating,  with  a 
combustion  per  square  foot  of  grate  of  not  over  35  to  38  lb. 
of  coal  per  hour.  General  practice  does  not  exceed  150  to 
175  per  cent,  of  rating.  This  limitation  is  partly  on  account 
of  natural  draft,  and  partly  maintenance.  Natural  draft 
higher  than  1.5  in.  of  water  is  practically  out  of  the  question, 
and  burning  of  the  grates  at  higher  rates  of  driving  becomes 
excessive. 

The  chain  grates  are  generally  larger  in  area  for  the  same 
boiler,  and  the  forcing  capacity  will  reach  260  per  cent,  of 
boiler  rating,  with  combustion  rates  up  to  45  to  48  lb.  These 
results  apply  chiefly  to  the  use  of  coal  suited  to  the  stoker. 
With  low  ash  coals  at  these  rates  of  driving,  the  grates 
become  overheated,  and  breakage,  with  the  attendant  high 
maintenance   and   unreliability,   is   sure   to   result. 

For  the  burning  of  such  coals  as  described,  the  chain  grate 
gives  eminently  satisfactory  results;  but  for  low  ash  coals 
it   is  practically  a   failure. 

UNDERFEED  STOKERS 
The  underfeeds  are  represented  by  the  Taylor,  Riley, 
Westinghouse,  Jones  and  American.  The  Jones  has  usually 
a  single  horizontal  retort  per  furnace,  spreading  coal  by  a 
ram,  from  the  center  to  the  sides  of  the  furnace;  there  may 
be    two    or    more    retorts    for    "wide    furnaces.       It    has    only 
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recently  been  provided  with  means  for  dumping  into  an 
ashpit. 

The  American  has  a  single  central  horizontal  retort,  and 
movable  grates  somewhat  similar  to  the  Murphy  stoker, 
with  dump  plates  at  each  side  of  the  furnace.  The  Taylor, 
Riley  and  "Westinghouse  have  several  retorts  per  furnace, 
according  to  the  width  of  the  setting.  The  retorts  are 
alternated  "with  rows  of  tuyeres  for  supplying  the  air  and 
the  whole  is  set  at  an  angle  of  20  to  25  deg.,  using  gravity 
to  aid  the  working  of  the  clinker  and  ash  to  the  back  of  the 
furnace.  The  green  coal  is  fed  from  under  the  surface  of  the 
fire  by  the  rams:  it  spreads  over  the  tuyeres  through  which 
the  air  is  forced,  and  as  it  approaches  the  surface  of  the  fire 
is  coked  by  the  burning  of  fixed  carbon  and  volatile  matter 
in  the  upper  layer.  The  volatile  gases,  closely  mixed  with 
the  air,  pass  through  the  incandescent  coke  before  reaching 
the  combustion  chamber.  The  process  has  radical  advantages 
over  the  overfeed  method;  first,  because  green  coal  or  only 
partially  coked  coal  covers  the  tuyeres,  so  that  burning  of 
the  iron  is  practically  eliminated;  second,  there  is  distilla- 
tion of  the  volatile  matter  over  nearly  the  whole  area  of 
the  furnace;  third,  immediate  and  intimate  mixture  of  the 
whole  air  supply  and  volatile  matter  while  still  in  the  coal 
bed;  fourth,  passage  of  mixed  volatile  and  air  through  the 
hottest  zone  of  the  fire  (burning  coke  and  gases)  before 
reaching  the  furnace;  and  fifth,  the  elimination  of  all  arches. 
The  essential  conditions  for  perfect  combustion  of  volatile 
matter  are  intimate  mixture  with  air,  and  high  temperature; 
the  underfeed  method  meets  these  conditions  vei  y  well.  The 
fixed  carbon  is  not  quite  completely  burned  in*  this  process, 
so  that  a  short  section,  termed  an  extension  grate,  is  added 
to  the  bottom  of  the  tuyere  and  retort  section,  and  the  com- 
bustion of  fixed  carbon  is  completed  on  these  grates  in  the 
same  manner  as  an  overfeed.  Finally  the  clinker  arrives  in 
the  dump  plates  (in  the  Taylor)  or  is  expelled  by  continuous 
dumping  and  crushing  devices  (a  moving  extension  grate  and 
apron  in  the  Westinghouse,  and  a  moving  apron  in  the 
Riley). 

The  Westinghouse  stoker  differs  from  the  Taylor  very 
little  in  general  design,  except  in  the  use  of  the  continuous 
dumping  device,  and  an  air-cooled  bridge  supporting  the 
front  wall.  The  Riley  stoker  differs  from  the  other  two 
in  moving  the  tuyeres  bodily  and  in  having  more  overfeed 
effect.  The  underfeed  stokers  are  essentially  forced  draft 
stokers,  as  they  operate  with  restricted  air  openings  and 
very  deep  fires.  The  Riley  and  Westinghouse  can  be  operited 
with  natural  draft  of  SO  to  90  per  cent,  of  rating,  but  this  is 
not  generally  desirable.  On  the  Taylor  stoker  the  fires  run 
from  two  to  four  feet  thick,  depending  on  the  rate  of  driving, 
whereas  the  Riley,  having  more  overfeed  effect,  seldom 
exceeds  one  to  two  feet.  The  forcing  capacity  is  enormous, 
reaching  as  much  of  400  per  cent,  of  rating  at  SO  lo  <5  lb. 
per  square  foot  of  grate.  Three  hundred  per  cent,  of  rating 
is  readily  obtained  continuously  at  from  60  to  6!)  lb.  of  coal 
per  square  foot  of  grate.  One  man  can  operate  ten  or  twelve 
stokers:  siftings  are  negligible,  amounting  to  0.2  per  cent. 
or  less,  requiring  clearing  of  the  windbox  and  retorts  about 
once  a  month.  The  brickwork  at  high  ratings  suffers  some- 
what from  the  adherence  of  clinkers  to  the  side  walls  and 
the  bridge  wall,  but  there  are  no  arches  required,  and  arches 
are  the  most  expensive  and  troublesome  of  all  brickwork  in 
the    furnace. 


Oct.  21  will  connncinoratc  thr  .'i.'.th  anniversary  of  the 
invention  of  the  incandescent  lamp  by  Thomas  A.  Edison. 
This  day  in  1879  may  be  .said,  broadly  speaking,  to  mark  the 
birth  of  electric  lighting.  Arc  lamps  had  been  in  use  some 
years  previous  but  only  a  few  were  then  employed,  for 
searchlights,  to  light  theaters,  parks,  street  corners  and 
similar  public  places.  The  univer.sal  lighting  of  both  public 
buildings  as  well  as  private  dwellings  by  electricity  through 
small  units  became  a  dream  realizeil  only  when  Kdison  first 
successfully  made  his  electric  filament  bulb  glow  in  his 
laboratory  at  Menio  Tark,  N.  J.,   S.';  years  ago. 

In  ISSO  an  employee  of  the  Kdison  factory  carried  all 
the  electric  incandescent  lamps  in  the  world  from  Menlo 
I'ark  to  New  York  City  In  a  market  basket.  A  year  later 
it  was  considered  a  wonderful  feat  when  the  small  factory 
turned  out  a  thousand  lamps  a  day.  Today,  the  Kreat  Edison 
lamp  factory  at  Harrison  turns  out  3:., 000  lamps  an  hour  and 
will  have  made  In  all  more  than  500,000,000  lamps  during  the 
period   of  the   phenomenal   progress  of  electric   Ilghtlnfr  up   to 


the    present    time. 


Dr.  Charles  P.  Steinmetz,  the  wizard  of  electricity  and  chief 
consulting  engineer  of  the  General  Electric  Co.,  in  giving 
the  essence  of  his  appreciation  of  Mr.  Edison,  said: 

"The  first  time  I  met  Edison  was  in  1S93,  at  the  Inter- 
national Electrical  Congress  in  Chicago.  Mr.  Eickemeyer 
introduced  me  to  him,  and  Edison,  jokingly  pointing  at  me, 
said,  Ture  theory';  pointing  at  Eickemeyer,  'Theory  and  prac 
tice,"  and  at  himself,  'Pure  practice."  This  is  the  attitude 
Edison  has  always  taken,  declaring  himself  a  mere  practical 
man.  Some  have  expanded  on  this  and  so  created  the  popular 
belief  that  Edison  does  not  know  anything  about  theory  and 
science,  but  merely  experiments  and  tries  everything  he  or 
anybody  else  can  think  of.  There  is  nothing  more  untrue 
than  this,  and  Edison  probably  never  made  an  experiment 
or  tried  something  where  he  did  not  have  a  good  theoretical 
reason  that  would  justify  the  trial  even  from  a  strictly 
scientific  standpoint." 

We  are  all  more  or  less  familiar  with  the  events  of  the 
romantic  life  of  Edison,  the  boy,  who  only  really  went  to 
public  school  three  months,  was  given  up  by  his  teachers 
in  despair  because  he  was  always  at  the  foot  of  the  class, 
was  taught  by  his  mother;  installed  a  laboratory  in  the  cellar 
of  his  home;  started  in  business  as  a  newsboy  on  trains  of 
the  Grand  Trunk  to  get  money  for  scientific  books  and  equip- 
ment for  his  laboratory;  installed  another  laboratory  in  a 
baggage  car  of  the  train  and  was  thrown  off  because  one  of 
his  dubious  experiments  set  fire  to  the  car;  became  a  tele- 
graph operator;  began  to  invent  and  became  the  greatest 
inventor  of  the  age,  having  taken  out  no  fewer  than  132S 
separate  patents  from  1869  up  to  the  summer  of  1910.  The 
height  of  his  activity  was  in  1SS2  when  141  patents  were 
applied  for. 

The  events  connected  with  the  invention  of  the  electric 
incandescent    lamp    are    especially    interesting. 

In  the  search  for  the  right  material  that  should  make 
the  incandescent  lamp  a  feasible,  profitable  commercial  prop- 
osition, all  kinds  of  pastes  were  tried  as  bases  for  depend- 
able carbon  filament;  also  cotton  thread,  paper  and  anything 
that  would  carbonize  readily  and  hang  together  as  a  "fila- 
ment"  when  the   electricity  was  turned  on. 

For  nearly  10  years  the  Edison  lamp  was  made  with 
bamboo  filaments:  and  to  that  lamp  must  be  attributed  in  a 
large  degree  the  marvelous  development  of  electric  lighting 
and  power  all  over  the  world,  as  well  as  the  creation  of  the 
modern  central-station  industry,  which  in  the  United  States 
alone  represents  an  investment  of  over  $2,500,000,000  and 
annual  earnings  of  over  $350,000,000.  Even  as  late  as  190S, 
a  few  special  types  of  Edison  bamboo  lamps  were  being 
made. 

Paralleling  the  carbon  filament  lamps  of  bamboo,  there 
appeared  the  "squirted"  filament,  employing  carbonized  cel- 
lulose, and  a  great  many  lamps  for  a  number  of  years  were 
of  this  type.  Another  advance  was  embodied  in  lamps  still 
of  the  carbon  type,  in  which  the  filaments  were  strengthened 
by  such  substances  as  would  justify  calling  them  "metal- 
lized." In  particular,  the  metal  tantalum  seemed  to  stand 
out  from  the  rest  of  the  group,  but  it  was  never  a  strong 
competitor  of  the  carbon  lamp.  The  solution  was  soon  found 
in  tungsten,  a  metal  tried  as  far  back  as  the  earlier  days 
of  Edison,  but  not  then  available  under  the  practical  condi- 
tions of  its  production  and  use. 

The  introduction  and  general  adoption  of  the  Mazda 
tungsten  lamp  has  been  literally  nothing  short  of  a  revolu- 
tion in  the  art  of  interior  illumination,  with  a  correspondingly 
tremendous  effect  on  exterior  lighting.  Working  down  from 
a  consumption  of  four  or  five  watts  per  candlepower  in 
carbon  filament  lamps  to  the  standard  a  few  years  ago  of 
3.10  watts  per  candlepower,  the  Mazda  lamp  has  brought 
that  down  in  about  five  years  to  1.25  watts:  while  in  the 
larger  sizes  of  gas-filled  lamps,  the  reduction  in  current  con- 
sumption has  reached  the  low  point  of  a  half-watt  per 
candle. 

The  intiriate  history  of  the  birth  of  the  electric  incan- 
descent lamp  is  best  told  by  W.  H.  Meadowcroft,  who  was 
associated  with  ICdison  when  he  produced  the  lamp: 

"Business  was  getting  fairly  well  under  way  when  T 
assumed  my  duties  at  65  Fifth  Ave.,  New  York.  The  back 
parlor  was  used  by  Major  Eaton  as  his  office;  on  the  second 
floor  was  Charles  I.,.  Clarke,  the  chief  engineer  with  H.  M. 
Byllesby  at  the  drafting  board;  Edward  H.  Johnson  had  part 
of  the  same  fioor  with  E.  T.  Oreonflcld  as  the  foreman  of  his 
wiring  gang;  and  a  good  part  of  the  third  Poor  was  used  by 
Mr.  Edison  as  bis  olllce  and  headquarters,  with  Samuel  Insull, 
recently  from  London,  installed  as  secretary.  On  the  third 
floor  there  was  also  the  patent  department,  where  Col.  Dyer 
and  several  assistants  were  kept  busy  day  and  night  making 
applications  for  patents  on  the  flood  of  inventions  that  was 
constantly   pouring    In. 
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"Those  were  strenuous  days  for  Mr.  Edison.  Besides  tlie 
enormous  amount  of  work  entailed  by  the  operations  of  his 
manufacturing  shops,  he  was  elaborating  the  engineering- 
plans  for  the  first  central  station  in  New  York  City,  cover- 
ing carefully  every  detail;  he  was  turning  out  several  new 
inventions  every  day,  and  helping  the  Board  of  Fire  Under- 
writers formulate  rules  for  the  new  art  of  incandescent 
lighting.  He  was  also  working  on  the  innumerable  details 
relating  to  isolated  electric  lighting  plants,  for  which  there 
was  beginning  to  he  a  demand.  He  was  directing  the  engi- 
neering and  construction  work  of  his  electric  railway  out  at 
JMenlo  Park,  besides  directing  the  policy  of  the  company 
with  the  far-sightedness  that  experience  has  long  since 
justrfied.  He  was  working  about  twenty  hours  a  day  at 
this  time,  and  how  he  ever  got  through  so  much  work  and 
accomplished  so  much  is  a  mystery  to  me  even  at  this  day. 
He  seemed  to  be  utterly  oblivious  of  the  every  day  things 
of  life.  When  he  seemed  to  need  new  clothes,  Mr.  Insull 
would  order  them  and  have  them  delivered  to  Mrs.  Edison. 
When  they  arrived  she  would  wait  until  he  had  gone  to  bed 
:>nd  then  change  all  his  things  over  from  the  old  suit  into 
the  pockets  of  the  new  one  and  leave  that  where  he  had 
left  the  old  suit.  He  would  put  it  on  the  next  morning  and 
was  likely  to  go  down  to  the  machine  works  or  elsewhere 
and  get  the  new  clothes  covered   with  oil  or  chemicals. 

"The  selling  price  of  lamps  in  the  early  days  was  SOc. 
each.  It  cost  over  a  dollar  to  make  them,  and  the  financial 
men  were  worried.  They  couldn't  see  any  further,  but  Mr. 
Edison  did.  He  said  in  effect:  "Give  me  an  exclusive  license 
to  manufacture  during  the  life  of  the  patents  and  I  will  agree 
to  supply  all  the  lamps  you  need  at  40c.  each.'  They  jumped 
at  the  chance  and  the  contract  w.as  made.  Mr.  Edison  lost 
money  steadily  for  three  years,  but  owing  to  improvements 
in  manufacture  and  to  the  rapid  development  of  the  business, 
he  made  more  inoney  in  the  fourth  year  than  he  had  lost  in 
the   thi-ee   preceding  years." 


The  New  York  Electrical  Exposition  and  Motor  Show 
opened  at  the  Grand  Central  Palace  on  Oct.  7  and  closed  on 
Oct.  17.  The  attendance  was  large.  About  a  hundred  com- 
panies and  societies  were  the   exhibitors. 

The  United  States  Government  had  a  number  of  note- 
worthy features.  The  various  uses  to  which  electricity  is 
being  put  in  the  manufacture  of  cartridges  was  shown  in 
an  exhibit  from  the  government  arsenal  at  Prankford,  Penn. 
The  different  processes  ^vere  demonstrated,  from  the  drawing 
of  the  brass  shell  to  the  loading  and  fixing  of  the  steel- 
jacketed  bullet.  An  interesting  piece  of  apparatus  of  the 
army  exhibit  was  a  hand-operated  generator  for  use  by  the 
signal  corps.  This  machine  is  operated  by  two  men  and  sup- 
plies sufficient  energy  for  a  field  wireless  outfit.  Navigating 
appliances,  steering  devices  and  a  signal  system  make  up 
part  of  the  naval  exhibit.  The  wireless  equipment  of  a  ship- 
of-war  was  demonstrated  by  a  class  from  the  Brooklyn  Navy 
Yard.  What  is  left  of  the  lighting  generator  used  on  the 
United  States  ship  "Maine,"  which  was  destroyed  in  Havana 
harbor,  was  also  on  display.  The  Treasury  Department  had 
a  fully  equipped  mint  from  the  United  States  establishment 
in  Philadelphia,  showing  the  whole  process  of  coin  production 
from  the  melting  furnace  to  the  stamping  and  weighing 
machines. 

Among  the  commercial  and  industrial  booths  were  the 
Edison  Electric  Illuminating  Co.  of  Brooklyn,  the  New  York 
&  Queens  Electric  Light  &  Power  Co.,  the  New  York  Edison 
Co.,  and  the  United  Electric  &  Power  Co.  The  Westinghouse 
Electric  &  Manufacturing  Co.  and  the  General  Electric  Co. 
and  its  affiliated  concerns  were  also  w^ell  represented.  Num- 
erous other  manufacturing  companies  had  booths,  and  prac- 
tically every  phase  of  the  electrical  industry  was  represented 
in   one  way   or  another. 


Joseph  H.  Hoadley.  formerly  president  of  the  International 
Power  Company,  denies  the  insolvency  of  that  corporation  in 
an  eighty  page  affidavit  presented  to  Chancellor  Walker  at 
Trenton,  N.  J.,  on  Oct.  6.  He  insists  that  the  assets  exceed 
the  liabilities  by  at  least  $3,000,000  and  argues  that  a  re- 
ceiver should  not  be  appointed. 

Mr.  Hoadley  denies  that  he  speculated  in  the  stock  of  the 
company,  but  admits  that  about  twelve  years  ago  he  did  buy 
and  sell  the  stock  with  a  view  of  creating  a  market  for  it 
and  maintaining  the  price.  He  insists,  however,  that  he  was 
acting  under  the  authority  of  the  directors  for  the  company 
itself. 


.-Vdmitting  that  numerous  changes  had  been  made  in  the 
books  of  the  company  last  December,  Mr.  Hoadley  asserts  that 
the  alterations  were  merely  corrections  designed  to  present 
the  true  condition  of  the  company's  affairs,  and  were  not  de- 
signed to  make  it  fraudulently  appear  that  the  company  was 
indebted  to  him  instead  of  his  being  heavily  indebted  to  the 
company.  He  says  he  never  has  pressed  the  company  for  set- 
tlement of  a  claim  of  $E)0.000  which  he  holds  against  it. 

Mr.  Hoadley  explains  that  the  reason  for  his  retirement 
as  a  director  of  the  company  was  to  give  the  board  entire 
freedom  to  act  for  the  benefit  of  the  company,  even  though 
it  should  involve  bringing  a  suit  against  him  personally. 
Counsel  for  Henry  W.  Bull,  who  is  fighting  Mr.  Hoadley,  inti- 
mated that  the  new  board  would  be  as  completely  under 
the   domination   of  Mr.   Hoadley  as   the   old   board. 

Chancellor  Walker  said  he  would  give  both  sides  further 
opportunity  to  present  evidence. 

A  gate  valve  bonnet  ruptured  on  a  15-ln.  underground 
main  steam  line  along  Dey  St.  between  Church  St.  and  Broad- 
way, New  Y"ork  City,  Tuesday  morning,  Oct.  6,  just  before  7 
o'clock. 

It  appears  that  the  valve  had  been  closed  in  ordei'  to  malvC 
some  repairs  to  the  line  beyond  and  was  being  opened  at  the 
time  the  failure  occurred.  The  valve  bonnet  was  split  at 
right  angles  to  the  line,  showing  signs  of  water-hammer.  As 
the  pressure  carried  is  about  90  lb.,  the  force  of  the  blow  was 
terrific  and  the  escape  of  steam  through  the  valve  box  was 
so  rapid  that  the  workmen  who  were  operating  the  valve 
were  unable  to  escape  before  being  severely  scalded  about 
the  hands  and  face.  The  pipe  line  is  a  part  of  the  steam  dis- 
tributing system  of  the  New  York  Steam  Co.,  which  sup- 
plies steam  heat  for  numerous  large  buildings  in  that  sec- 
tion of  the  city.  Prompt  action  on  the  part  of  the  company 
restored  the  service  in  a  short  time. 


IEI®ctliplc=Fasiinitt  Inl®sit®2°  E.^pl®d®§ 

A  feed-water  heater  in  the  city  electric  light  plant  of  New- 
ark, Ohio,  exploded  at  about  7  o'clock  p.m.,  Oct.  1,  and  the 
body  of  the  heater  was  projected  through  the  roof.  Although 
the  engineer  and  fireman  were  both  in  the  room  at  the  time 
neither  one  was  injured.  The  heater  had  been  in  use  more 
than  20  years,  and  as  the  feed  water  is  extremely  bad  it  is 
likely  that  the  inside  of  the  piping  had  become  so  scaled  up 
that  excessive  pressure  was  necessary  to  force  the  water 
through. 


LevoStls  a^ainEas^  IES®cfts'n(C°0^1hi& 


C.  L.  Wooldridge,  superintendent  of  buildings,  Pittsburgh, 
Penn.,  is  preparing  estimates  of  the  cost  of  establishing 
plants  in  at  least  five  school  buildings  to  make  their  own 
power.  The  board  of  public  education,  lighting  most  of  its 
132  school  buildings  with  electricity,  and  using  it  liberally 
in  many  buildings  for  operating  machinery  in  the  shops, 
considers  it  is  one  of  the  largest  patrons  of  the  Allegheny 
County  Light  Co.  in  the  city,  but  has  been  unable  to  obtain 
a  reduction  in  the  price  below  5c.  a  kilowatt-hour  for  light, 
and  3  to  2V4c.  a  kilowatt  hour  for  power. 

The  principal  objection  voiced  by  board  members  and 
Cai-1  M.  McKee,  superintendent  of  supplies,  through  whom 
the  contracts  are  made,  is  that,  in  fixing  rates,  each  school 
is  considered  as  a  unit  and  charged  separately,  whereas  the 
board  has  been  insisting  that  the  entire  school  system  be 
considered   as   a    unit   and   charge   made   accordingly. 

Bakersfleld  Steam  Power  Plant — In  the  article  describing 
this  installation,  on  page  476  of  the  Oct.  6  issue,  the  fact 
that  the  data  and  photographs  were  furnished  by  the  J.  G. 
White  Engineering  Corporation,  New  York  City,  was  not 
incorporated.  They  were  also  the  engineers  who  constructed 
the   plant. 

The  third  annual  gas-power  show  of  the  National  Gas  En- 
gine .\ssociation  will  be  held  in  Toledo  from  Oct.  19  to  24.  A 
feature  of  the  program  this  year  will  be  an  engine  and  food- 
grinding  contest  under  the  direction  of  the  farm  power  com- 
mittee. In  this  connection  a  series  of  tests  will  also  be  con- 
ducted by  the  American  Society  of  Agricultural   Engineers. 
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IN  the  Engineerin.c;  Country  there  is  a  River 
of  Knowledge  which  has  its  fountain  head 
high  up  in  the  Hills  of  Truth.  This  river  is 
continually  carrying  down  from  the  mountains 
the  water  from  the  vSprings  of  Facts.  To 
retain  this  water  and  swell  the  River  of  Knowl- 
edge, the  Men  of  Industrj-  and  vStudy  arc 
building  the  great  Dam  of  Science.  Each 
group  must  keep  its  positicm  up  to  the  stand- 
ard of  the  rest  or  be  submerged  and  washed 
over  the  brink  intt)  the  Abyss  of  Oblivion, 
while  another  group  of  builders  or  the  ad- 
joining ones  fill  in  the  place  vacated. 


The  Central  vStation  Builder  is  now  reaching 
out  and  crowding  the  Isolated  Plant  Fellow, 
who  will  have  to  hustle  to  hold  his  place.  The 
vSpecialist  is  building  not  so  wide  as  some 
others,  but  higher,  and  is  sufficiently  ahead  of 
the  rest  to  be  well  out  of  danger.  That  the 
standard  is  being  raised  is  everywhere  evident. 
vScience  is  constantly  growing.  The  model 
]3ower  i)lant  of  a  few  years  ago,  with  its  then 
excellent  equipment  and  commendable  per- 
formance, is  quite  ordinary  today,  and  there  is 
as  great  a  contrast  in  the  engineers  who  oper- 
ate them.        (Conlrihiiled  by  J.  J.  Ramsey,  Wellington,  Kan.) 
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Fo-w^er  for  Eiarpeini 


By  Thomas  Wilson 


SYNOPSIS — Reriew  of  installation  huilt  up  from  hell 
and  rope  drive  to  a  central  plant  and  electrical  diMribu- 
tion.  .  Choob-ing  between  a  simple  and  compound  engine. 
Steam  is  made  for  19.6c.  per  1000  lb.,  and  in  comhination 
with  the  heating,  current,  costs  0.81c.  per  kw.-hr.,  includ- 
ing fixed  and  operating  cliarges. 

A  maker  of  upholstered  furniture,  S.  Karpen  &  Bros., 
of  Cliii-aoo,  has  had  an  interesting  experience  in  supply- 
ing power  for  the  factory.  Starting  with  line  shafts  in 
the  various  buildings,  interconnected  by  rope  drives  and 
all  turned  by  one  large  Corliss  engine,  this  firm,  after 
giving  central-station  current  a  year's  trial,  has  finally 
installed  an  isolated  plant  an<l  motors  for  individual  and 


Ki-cp.  lamps  gave  an  average  demand  for  275  amp.  In- 
dependent meters  for  the  incandesccnts,  arcs  and  for  the 
power  load  were  put  in.  At  that  time,  the  incandescent 
lighting  was  billed  at  20c.  per  kw.-hr..  the  arcs  at  10  to 
12c.,  depending  on  the  demand,  and  the  power  load  aver- 
aged about  AY2C.  Of  course,  these  rates  were  exorbitant, 
and  at  the  cud  of  a  year's  time  two  100-kw.  generators 
were  purcliased.  These  units  wore  belt-driven  from  the 
main  shaft  and  up  to  last  January  have  been  supplying 
all  electrical  energy  to  the  factory. 

Boiler  Plant 

At  the  same  time,  a   new  boiler  ]ilant  was  installed, 
consisting  of  four  150-hp.  return-tubular  boilers,  72-in. 


Fig.  1.  Siju'le  Corliss,  ;JOO-Kw.  Unit 


group  driving.  The  plant  was  put  in  operation  the  first 
of  the  year  and,  as  the  records  presented  herewith  will 
show,  has  been  giving  good  results. 

It  was  in  May,  1899,  that  the  company  moved  to  its 
present  location  at  the  corner  of  Twenty-second  and  Union 
St.  The  site  contained  six  acres  of  ground  and  at  that 
time  there  were  four  three-story  brick  buildings  of  mill 
construction.  In  1905,  an  annex  to  the  mill  and  a  new 
four-story  building  were  built,  bringing  the  total  floor 
space  up  to  239,679  -sq.ft.  The  Corliss  was  already  pull- 
ing a  friction  load  of  192  hp.  out  of  a  total  peak  load  of 
450  hp.,  and  as  the  company  did  not  wish  to  add  to  it, 
motors  were  placed  in  the  new  additions.  With  no  gen- 
erators in  the  plant,  central-station  current  was  given  a 
tryout.  In  the  annex  the  load  averaged  150  amp.  at  2-30 
volts  for  85  connected  horsepower.  In  the  new  building 
28  hp.  in  motors,  100  arc  lights  and  100  incandescent 


l)v  18-ft.,  each  containing  68  four-inch  tubes.  The  boil- 
ers were  built  for  150-lb.  pressure.  ))ut  125  lb.  is  the  usual 
working  pressure.  The  grates  are  of  the  shaking  and 
dumping  type,  measuring  51/2x51/2  ft.  The  brick  stack 
is  125  ft.  high,  66  in.  in  diameter  at  the  top  and  72  in. 
at  the  bottom.  Of  the  fuel  used,  25  per  cent,  is  shavings ; 
these  are  chuted  into  the  furnaces  and  burned  with  6-in. 
•shellbark  egg  coal.  The  latter  is  hand  fired  and  a  fuel 
bed  of  6  in.  is  maintained.  Over  the  fire  the  draft  is  0.24 
in.  and  in  the  breeching  0.78  in.  These  are  the  present 
conditions  as  the  boiler  plant  was  retained. 

Use  of  Exhaust  Steam 

For  heating  the  entire  plant,  there  are  25,300  sq.ft. 

of  direct  radiation  supplied  by  a  two-pipe  vacuum  system. 

In  the  buildings  there  are  eight  small  drying  kilns  fitted 

with  1700  sq.ft.  of  direct  radiation.     Outside  are  seven 
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larger  kilns,  in  which  air  heated  by  SOOO  sq.ft.  of  indirect 
surface  is  circulated  by  a  fan  driven  by  a  45-hp.  motor. 
For  cooking  glue  there  are  additional  coils,  aggregating 
3844  sq.ft.,  which  take  live  steam  at  55  lb.  pressure. 
The  drying  kilns  and  heating  coils  in  the  cabinet-making 
rooms  utilize  exliaust  steam  the  year  around,  and  in  the 
four  warmer  months  they  take  about  70  per  cent,  of  the 
availaljle  supply.  This  was  determined  by  weighing  the 
condensation.  During  the  balance  of  the  year  more  or 
less  heating  is  necessary  throughout  the  entire  factory, 
so  that  there  is  demand  for  all  of  the  exhaust  steam,  and 
in  the  coldest  weather  some  live  steam  in  addition.    Dur- 


an  isolated  plant  would  soon  pay  for  itself  and  in  the  lat- 
ter part  of  1913  the  necessary  generating  equipment  was 
l^urchased. 

Simple  Corliss  ok  Comi'ound  Fouk- Valve? 

As  soon  as  a  plant  had  been  decided  ujiou,  a  discussion 
arose  as  to  the  proper  type  of  prime  mover.  Frank 
Ory,  the  engineer,  favored  a  simple  Corliss  making  100 
r.p.ni.,  arguing  that  although  the  slow-speed  macliinc 
would  be  large  for  its  capacity  and  costly,  its  mechanical 
efficiency  would  be  high  and  the  cost  of  upkeep  a  mini- 
mum.    The  enscine  would  use  more  steam  than  a  com- 


Fui.  2.  Four.- Valve,  100-Kw.  Unit  and  SwrrtiinoAKii 


ing  the  day  about  38  per  cent,  of  tlie  steam  generated  is 
used  directly  for  manufacturing  purposes. 

Install  Isolated  Plant 

As  time  wore  on,  the  long  lines  of  shafting  and  tiie 
rope  drives  began  to  wear  out.  A  change  was  necessary, 
and  tiie  heavy  friction  loads  of  the  ])ast  induced  the  com- 
pany to  put  in  electrical  transmissions  throughout.  The 
central  station  again  came  forward,  offering  a  minimum 
rate  of  1.8c.  and  a  ma.xinnim  not  to  exceed  3c.  Large 
demands  for  exliau.st  steam  so  influenced  tlic  cost  of  pro- 
ducing current,  however,  that  a  contract  on  this  liasis 
would  have  meant  a  largo  lo.ss.  A  careful  estimate,  wliicli 
bus  been  verified  by  the  records  of  the  past  six  months, 
showed  that  the  company  could  not  afTord  to  pay  more 
than  1.3c.  per  kw.-lir.  for  its  current.    It  was  obvious  that 


pound  unit,  but  for  the  greater  part  of  the  time  all  of  the 
exhaust  steam  would  be  utilized,  so  that  the  steam  rate 
was  of  little  consequence.  A  consulting  engineer  retained 
l)y  the  company  favored  a  cross-comjiound  four-vahc  en- 
gine, making  150  r.p.m.,  to  obtain  advantage  of  the  lower 
steam  rate  in  the  summer  months.  Jlr.  Ory  carefully  an- 
alyzed the  two  cases  and  showed  that  his  choice  would  save 
money  in  the  course  of  a  year,  even  with  a  higher  steam 
rate  and  a  cost  for  the  unit  $700  greater  than  that 
listed  for  the  compound  machine.  His  method  of  arriving 
at  this  conclusion  may  be  of  interest. 

From  his  long  experience  in  the  ]ilant,  lie  determined 
that  the  average  day  load  for  the  year  would  be  250  k\v. 
and  the  peak  load  for  three  hours  per  day  and  four  months 
per  year  during  the  heavy  heating  season  would  be  325 
kw.    He  placed  tiie  evaporation  at  7  lb.  of  water  per  pound 
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of  coal  and  estimated  that  25  per  cent,  of  the  water  would 
be  evaporated  by  .^havings  and  floor  sweepings.  Thus  75 
per  cent,  of  the  fuel  would  be  coal  costing  $3  per  ton  in 
the  bunker.  A  steam  rate  of  24  lb.  per  i.hp.-hr.  was  quoted 
for  the  simple  engine  and  20.5  for  the  compound.  For 
the  simple  Corliss,  efficiencies  of  93  per  cent,  for  the 
engine  and  92  per  cent,  for  the  generator  were  takeu, 
and  for  the  compound  88  and  90  per  cent.,  resijectivi'ly. 
The  lower  mechanical  efficiencies  for  the  compound  unit 
were  due  to  cheaper  construction,  two  cylinders  instead 
of  one  and  a  lighter  generator  pro\ided  with  less  copper. 
Assuming  that  only  coal  is  burned  under  the  boilers 
for  10  hr.  per  day  and  300  da3's  per  year,  the  fuel  cost 
for  tlie  steam  going  through  the  simple  engine  to  supply 
the  lieating  system  besides  generating  250  kw.  for  jjower, 
would  be 


250  X  10  X  300  X  24  X  *3 


=  16040 


7  X  2000  X  0.93  X  0.92  X  0.746 
For  the  compound  engine  the  cost  would  be 

250  X  10  X  300  X  20.5  X  $3      ^       ^„^ 
7  X  2000  X  0.88  X  0.90  X  0.746 

The  peak  load  is  75  kw.  more  than  the  average  for  three 
hours  per  day  and  four  months  per  year,  so  that  the  fol 
lowing  amounts  should  be  added : 
For  the  simple  engine  • 

75  X  4  X  3  X  16040 


*181 


=  $167 


(A) 


^A) 


250  X  12  X  10 
and  for  the  compound  engine : 

75  X  4  X  3  X  S557' 
250  X  12  X  10 

The  $6040  and  the  $5577  are  the  yearly  totals  for  250 
kw.  and  exhaust  steam  for  heating.  For  eight  months  thn 
charge  against  the  simple  engine  would  be : 

$6040  X  T%  =  $4027  (B) 

and  for  the  c'orapoxind  engine 

$5577  X  T%  =  $3718  (B) 

For  the  four  warm  months,  when  70  per  cent,  of  the 
exhaust  steam  is  utilized  and  30  per  cent,  lost  to  at- 
mosphere, the  charge  for  250  kw.  and  heating  would  be: 
For  the  simple  engine, 

$6040  X  0.70  X  12  =  $li09  (C) 

For  the  compound  engine, 

$5577  X  0.70  X  T%  =  $1301  (C) 

The  cost  of  the  30  per  cent,  exliaust  steam  wasted  would 
he: 
For  the  simple  engine, 

$6040  X  0.30  X  t\  =  $004  (D) 

For  the  compound  engine 

$5577  X  0.30  X  t3  =  $558  (D) 

It  is  evident  that  tlie  cost  for  the  year  equals  the  sum 
of  A,  B,  C  and  D.  Omitting  D  would  give  the  cost  when 
all  of  the  steam  is  used  for  heating.  For  the  simple  en- 
gine this  would  be 

$181  +  $4027  +  $1409  =  $5617 
and  for  the  compound  engine 

$167  -f  $3718  +  $1301  =  $5186 
At  the  working  pressure,  140  lb.  abs.,  the  heat  contents 
in  a  pound  of  steam  is  1192.2  B.t.u.  In  expanding  in  the 
engine  to  a  back  pressure  of  16  lb.  abs.,  158.1  B.t.u.  are 
transformed  into  work,  the  balance,  1034.1  B.t.u.,  is 
available  for  heating.  Then  the  actual  cost  of  coal  for 
power  in  the  simple  engine  is 


1  KQ    1 

j^^  X  15617  =  #745  (E) 

and  in  the  compound  engine 

^^  X  15186  =  $688  (E) 

To  these  figures  should  be  added  the  cost  of  coal  for  the 
'.■>0  per  cent,  of  the  steam  rejected  during  four  months 
ol'  tlie  year.  This  would  make  the  total  coal  cost  for 
power 

$601  +  $745  =  $1,349 
for  the  simple  engine  and 

$558  +  $688  =  $1246 
for  tlie  compound  engine.    These  figures  are  based  upon 
using  coal  only  for  fuel,  but  25  per  cent,  is  shavings,  so 
that  the  cost  for  coal  would  be  75  per  cent,  of  the  above 
amounts,  or  $1011.75  and  $944.50,  respectively. 

For  fixed  charges,  5  per  cent,  for  interest  and  2  per 
cent,  for  insurance  and  taxes  were  allowed  in  each  case. 
Due  to  higher  speed,  less  weight  and  more  bearings,  de- 
]ireciation  for  the  compound  was  placed  at  7  per  cent. 
For  the  simple  engine  5  per  cent,  was  allowed.  The 
cross-compound,  being  practically  two  engines,  will  use 
more  oil,  at  least  $100  worth,  and  this  was  charged 
against  it. 

Table  1  is  a  summary  of  the  fixed  charges,  fuel  cost 
and  additional  oil,  labor  and  supplies  being  considered 

TABLE   1.      SUMMARY  OF  FIXED  CHARGES 
AND    FUEL    COSTS 

Simple  Corliss         Compound   Pour  Valve 
Cost    of    Unit $11,966.00  $11,200.00 

Interest,  5% $598.30     at  5%  $560.00 

Ins.  anfl   taxes,   2%.  .  .  239.32     at  2%  224.00 

Depreciation,    5%....  598.30     at  7  7i)  784.00 

Fixed   charges    $1,435.92  $1,568.00 

Cost   of   fuel 1,011.75  944.50 

Co.st   extra    oil 100.00 

Total    $2,447.67  $2,612.50 

the  same  in  each  case,  although  the  cost  of  supplies  for 
the  compound  engine  should  be  slightly  greater. 

It  is  evident  that  the  difference  in  favor  of  the  simple 
Corliss  is  $164.83,  and  it  would  have  been  greater  if  a 
higher-grade  compound  engine  costing  more  money  had 
been  selected.  The  compound  would  also  have  required 
the  use  of  more  live   steam  for  heating  in   the   colder 


Fig.  3.  Flow  Metee  and  Gage  Boakd 
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Fig.  4.  Compound  Stea^c  Two-Stage  Am  Coiipeessoe 

weather.     Xatiirally,  a  simple  Corliss  engine  was  set  np 
ill  111  i^ut  into  operation  the  first  of  the  year. 

Engine  Room 

The  main  unit  to  earrv  the  day  load  consists  of  a  sim- 
ple full-stroke  releasing  Corliss  engine,  24x36-iii.  and 
100  r.p.m.,  directly  connected  to  a  300-kw.  two-wire  gen- 
erator delivering  current  at  230  volts.  Fig.  1.  A  15xlT-in. 
four-valve  engine  driving  a  100-kw.  generator  at  200 
r.p.m  handles  the  night  and  Sunday  loads,  Fig.  2.  The  day 
load  averages  about  1100  amp.,  which  at  230  volts  would 
make  253  kw.,  but  the  peak  load  runs  as  high  as  1800 
amp.,  or  414  kw.  The  large  machine  easily  cares  for 
the  overload.  At  night  the  average  load  is  not  more 
than  150  amp.,  .<o  that  the  small  unit  is  underloaded. 
Through  the  day  there  is  plenty  of  exhaust  steam  until 
the  temperature  gets  down  to  10  deg.  above  zero,  but  at 
night,  with  tlie  light  load  and  the  hea\'A'  demands  by 
tlie  kilns,  live  steam  is  required  the  year  around. 

A  modern  .switchboard,  a  water-flow  meter,  a  gage 
panel.  Fig.  3,  for  live,  exhaust  steam  and  air  pressures  are 
part  of  the  engine-room  equi])nicnt.  There  is  also  a  com- 
pound-steam two-stage  air  compressor  supplying  air  at 
80  11).  pressure  for  factory  use.  Its  capacity  is  325  cu. 
ft.  of  free  air  per  min.  at  a  speed  of  225  r.p.m. 

The  large  engine  has  a  continuous  oiling  system  con- 
sisting of  a  pump  driven  by  the  rocker  arm  of  the  engine 
and  a  small  comliination  separatf)r  and  filter  mounted  in 
a  concrete  container  and  attached  to  the  engine  base 
l)eIow  the  floor.  As  the  oil  returns  from  the  various 
liearings  it  enters  the  .separator,  pas.ses  through  the  filter 
and  is  j)umped  to  a  storage  tank  mounted  on  the  wall 
of  the  engine  room.  From  here  it  flows  by  gravity  to 
])oints  of  su])ply.  Force-feed  pumps  lubricate  the  cylin- 
ders of  both  engines. 

Small  Live-Stea.m  Piping 

A  feature  <>(  interest  is  the  small  steam  pijiing  to  the 
engines  and  large  receiver-type  separators  having  vol- 
umes four  times  greater  than  the  engine  cylinders.  The 
drop  in  pressure  between  boiler  and  cylinder  at  full 
load  is  only  4  lb.  For  the  large  engine  a  5-in.  j)ii)e  rises 
from  a  12-iu.  header  a  distance  of  3  ft.,  runs  horizon- 


tally 20  ft.  and  drops  5  ft.  into  the  top  of  the  receiver. 
The  steam  passes  through  an  8-in.  throttle  valve  into 
tlie  cylinder.  The  exhaust  pipe  is  9  in.  in  diameter  to 
the  first  elbow,  then  10  in.  to  a  14-in.  main  supplying  the 
heating  system  or  discharging  to  atmosphere  through  a 
T-^-in.  riser.  For  the  small  unit  the  supply  pipe  is  3  in. 
in  diameter,  the  throttle  valve  5  in.  and  the  exhaust  i)ipe 
fi  ill.  The  supply  pipe  to  the  large  engine  has  O.OfilJT 
-<|.iii.  of  area  per  kilowatt  of  rating  and  the  exhaust 
]ii]io  0.2093  sq.in.  For  the  100-kw.  unit  the  pipe  areas 
jicr  kilowatt  of  rating  are  0.0739  and  0.2889  sq.in.,  re- 
>pectively. 

The  large  engine  is  rated  at  500  hp.  and  the  small 
one  at  150  hp..  tlie  steam  rates  at  full  load  Ijeiiis-  21  and 
'?8  lb.  per  i.h]x-hr.,  respectively,  or  3(5.6  and  31.1  ]ier 
li.hp.-hr.    The  former  would  then  require  at  full  luad 

^g^  =  221.7/*. 
iji) 

of  steam  pur  minute,  and  the  small  engine 

150  X  31.1       ^^  ^  „ 

— =  ii.i  10.  per  1)1111. 

w) 

At  an  average  pressure  of  123  lb.  gage,  the  volume  of 

each  pound  of  steam  would  be  3.27  cu.ft.     The  volumes 

of  steam  per  minute  passing  in  each  case  would  be 

221.7  X  :^.27  =  725  cu.  ft 

77.7   X   •'5-27  =  254  cu.  ft. 

Assuming  continuous  flow,  as  is  usual,  the  velocity  in 
the  supply  pipe  of  the  500-hp.  engine  would  be  5220 
ft.  per  min.,  and  at  atmospheric  pressure  the  exhaust  ve- 
locity would  be  about  11,600  ft.  per  min.  For  the  small 
engine  the  velocities  would  be  4950  ft.  per  min.  for  the 
supply  and  8820  ft.  per  min.  for  the  exhaust.  The  small 
drop  in  pressure  shows  that  the  pipes  are  ample,  and  the 
good  results  may  be  attrilnited  to  the  large  separators. 
Oi'EiiATiNG  Records 

Table  2  gives  the  costs  of  operating  the  plant  for  the 

TABLE    2.      COST    OF    OPERATING    POWER    PLANT    FROM 
JA.N.    I   TO  JULY    1,    1914 
BOILER  ROOM 
Coal,  4,022,363  lb.,  at  $2.60  per  short  ton       ?5,229.07 

Labor,     3     firemen     1,000.00 

Ash    removal    130.20 

Heating  boiler  water,  160°  to  212° S.53.S4 

Water,   washing  out  boilers,   etc 40.00 

Liphtins   boiler   room    2.3.00 

Blowing   down    boilers    .30.64 

Fixed    charges    on    $6000,    int.    5%,    dcp. 

a%.  ins.   1,4   of  l^r 315.00 

Total  boiler  room  costs $7,643. 7u 

AVater    evaporated,    lb 40,614,4."iS 

Cost  evap.   1000  lb.  of  water,  c 19.6 

Water   evap.    per   lb.    of   coal,    lb 10.09* 

ENGINE  ROOM 
Labor,  2  engineers  and  one-half  chief's 

time $1,S50.0S 

Oils     112.64 

Supplies    248.39 

Water  for  eng.  room,  toilet  and  shower,  S.'i.OO 

Light  for  engine  room 25.93 

.Steam  rejected  to  atmosphere 178.44 

Fixed  charges,   iO'A",    on    $17,000 S92.50 

Total  engine  room   costs $3,342.98 

Engine  and  boiler  room  costs $10,986.73 

rRKDIT.S 
Steam  for  tire  pump  at  20c.   per  1000  lb.  $199.12 

Steam    for    heating    an<l    manufacturing 

at    20c.   per   1000   lb 7,088.56 

Steam    for    compressed    air    at    20c.    per 

1000  lb 573.44 

Total    $7,861.12 

Cost    of    generating   electricity $3,125.61 

Kw.-hr.    generated    386,100 

Cost  per   kw.-hr.,  c 0.81 

•Includes  water  evaporated  by  shavings,  actual  evapora- 
tion  by   coal   0.75  X  10.09  =  7.57. 

first  six  months  as  computed  by  the  engineer.  It  will 
be  noticed  that  steam,  whether  live  or  exhaust,  for  pur- 
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PRINCIPAL  EQUIPMENT 
No.      Equiproent  Kind  Size 

i  Boilers Return  tubular 72-in.  x  18  ft 

4  Grates Dumping  and  shak- 
ing    5}xo}ft 

2  Pumps Simplex 10x6xl2-in.  and  12x7Jxl2  in. 

2  Pumps Simplex 6xSxl2-in.  and  8xl0xl2-in... 

1  Heater Open 1000  hp 

1  Fire  pump Duplex 18xl0xl2-in 

1  Meter Water  flow 

1  Engine Simple  Corliss 24x36-in 

1  Generator Direct  current 300  kw 


1  Air  compressor. .   Compound  .steam. .   8xl3xl2-in. .  . 

Two-stage  air 7ixl2il2-in 

4  Gages Indicating 10-in.  diam 

1  Gage Recording 10-in.  diam 

2  .\mmeters One  2000  and  one  600  amp.. 

I  Voltmeter Swinging  bracket . .   600-volt 

1  Watt-hour  meter  Recording 


OF  S.    ICARPEN   &   BROS.   FACTORY  PLANT 
Use  Operating  Conditions 

Generate  steam Natural  draft,  123  lb.  gage.  .  .  . 

Boiler  furnace 

Boiler  feed  water.  .  .  . 

Vacuum  heating  sys- 
tem   

Heat  feed  water 

Fire  protection 

Recording  boiler  feed. 

.Main  unit 

Direct  connected  to 
Corliss 

-Main  unit 

Direct  connected  to 
four-valve 

.\ir  at  SO  lb.  to  factory 


Maker 
Frost  Mfg.  Co. 


Economic  Engineering  Co. 

125  lb.  steam  pressure American  Steam  Pump  Co. 

125  lb.  steam  pressure American  Steam  Pump  Co. 

Exliaust  steam Warren  Webster  cfe  Co. 

1000  gal.  per  min.  at  70  strokes Fairbanks  Morse  &  Co. 

General  Electric  Co. 

125  lb.  steam,  atm.  csh.,  100  r.p.m.  Nordberg  Mfg.  Co. 

230  volt,  100  r.p.m Crocker-Wheeler  Co. 

125  lb.  steam,  atm.  csh.,  200  r.p.m.  Chuse  Engine  &  Mfg.  Co. 

230  volt,  200  r.p.m Crocker-Wheeler  Co. 

125  lb.  steam,  225  r.p.m IngersoU  Rand  Co. 


Steam  and  vacuum Bogardus  Co. 

Boiler  pressure Bogardus  Co. 

Generator  current Weston  Electrical  Instrument  Co. 

Gener.ttor  voltage Weston  Electrical  Instrument  Co. 

Record  output Sangamo  Electrip  Co. 


]ioses  other  than  generating  electricity  are  properly  cred- 
ited at  the  cost  of  production.  Much  of  tlic  steam  cred- 
ited to  heating  has  already  passed  through  the  engines, 
but  without  the  engines  live  steam  would  be  needed  to 
take  its  place,  so  tlie  credit  is  legitimate.  The  same  plan 
is  followed  out  in  charging  the  exliaust  steam  used  for 
heating  the  feed  water  and  that  wasted  to  atmosphere. 
This  procedure  is  unusual,  but  consistent  with  the  heat- 


Tlie  acciiinpiinying  plmtograiihs  illustrate  a  boring  bar 
designed  for  convenient  use  in  the  power  plant.  It  mav 
be  used  for  boring  engine  cylinders,  Corliss  engine  valve 
ports,  crosshead  slides,  bearings  that  have  been  rebab- 
bitted,  etc.  Fig.  1  shows  the  bar  complete  except  for 
the  crank-end  bearing  frame  which,  although  furnished 
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ing  charge.  The  item  for  blowing  down  boilers  would 
;  t'cm  to  be  already  covered  by  previous  charges,  but  it  i'^ 
."^o  small  that  results  will  not  be  influenced  much  either 
way. 

A  cost  per  1000  lb.  of  steam  of  19.6c.  is  fair  for  ;i 
hand-fired  plant,  and  a  cost  of  0.81c.  per  kw.-hr.,  in- 
cluding both  operating  and  fixed  charges,  is  excellent — 
in  fact,  much  less  than  the  central  stations'  cost  of  pro- 
duction. If  current  had  been  purchased,  the  services 
of  one  engineer  only,  amounting  to  $480  for  the  si.\ 
months,  could  have  been  dispensed  with.  The  fixed 
charge  item  on  the  generating  equipment,  most  of  the 
oil  and  supply  items  and  the  rejected  steam  charge  would 
also  be  eliminated.    This  makes  a  total  of 


$480  +  $892.50  +  $178.44  +  $248.39  +  $112.G4  = 
•  $1911.97 
Dividing  by  386,100  kw^-hr.,  gives  0.49c.  Adding  this 
to  the  0.81c.  makes  a  total  of  1.3c.  per  kw.-hr.,  the  max- 
imum the  company  could  afford  to  pay  for  central-sta- 
tion service.  When  this  is  compared  to  a  minimum  rate 
of  1.8c.  increased  to  approximately  3c.  by  the  numerous 
charges  usually  annexed,  it  is  plain  that  an  isolated  plant 
in  this  case  is  paying  big  dividends. 


Fig.  3.  Bar  in  Position  in  Engine  Cylinder 

with  each  bar,  is  not  ordinarily  employed  when  boring 
an  engine  cylinder,  because  this  bearing  is  fixed  in  the 
]Hston-rod  stuffing-box.  The  cutter  head  A  is  shaped  like 
a  four-point  star.  Three  of  the  arms  carry  the  regular 
cutting  tools  while  the  fourth  is  designed  to  hold  a  tool 
at  45  deg.  so  that  the  point  is  in  advance  of  the  face  of 
the  cutterhead  when  making  the  cylinder  counter  bore, 
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The  bar  is  revolved  b_T  tbe  worm  B  and  wheel  C  driven 
from  any  power  source  through  the  pulley  D.  The  worm 
and  wheel  are  used  to  produce  a  steady  motion,  free  from 
chattering,  and  to  insure  a  smooth  clean  cut.  The  cutter- 
head  carrier  E  is  fitted  with  two  lugs  or  keys  which  .slidt; 
in  races  cut  in  the  side  of  tlie  bar.  Thus,  while  the  car- 
rier may  slide  freely  along  the  bar,  it  must  revolve  with 
it. 

The  carrier  is  fed  backward  or  forward  by  means  of 
the  long  screw  F  turning  in  a  slot  in  the  side  of  the  bar 
and  meshing  with  a  half-nut  fixed  on  the  inside  or  bear 
ing  surface  of  the  carrier.  The  feed  screw  is  made  to 
revolve  automatically  by  means  of  a  train  of  gears,  the 
ratios  of  which  can  be  changed  to  produce  any  rate  of  feed 
from  ^/i-^  to  1/4  in.  per  revolution  of  the  boring  bar. 

At  the  right  of  the  photograph  the  large  gear  77  is 
fixed  to  the  disk  /  which  is  integral  with  the  bar.     Thus 


the  gear  moves  in  a  circle  when  the  bar  revolves.  It 
meshes  with  a  gear  secured  to  the  frame  J  which  hangs 
on  a  loose  collar  on  the  end  of  the  bar  and,  hence,  does 
not  revolve  with  the  bar.  Another  gear  on  the  same  pin 
as  gear  77  drives  a  gear  fixed  on  the  end  of  the  feed 
screw. 

For  protection  and  adjustment  at  each  bearing,  th.e 
bar  is  fitted  with  a  movable  sleeve  which  takes  all  the 
wear.  This  sleeve  and  the  bearing  are  slightly  tapered 
so  that  the  wear  can  be  taken  up  by  .shifting  the  sleeve. 

The  bar  is  made  by  Boxill  &  Bruef,  848  We'st  Sixth  St., 
Cincinnati,  Ohio,  in  two  standard  sizes  for  cylinders  from 
4  to  10  in.  and  from  Ifi  in.  to  60  in.  The  .standard  lengths 
are  6  and  12  ft.,  but  special  sizes  can  be  furnished.  AVhen 
a  plant  is  not  large  enough  to  warrant  the  purchase  of 
a  bar.  the  manufacturer  will  lease  one  for  any  desired 
leuiTth  of  time. 
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By  Egbert  C.  H.  Heck 


SYNOPSIS — A  digest  of  several  sets  of  experiments 
upon  till-  effect  of  compression  on  steam-engine  economy, 
icith  conclusions  that  a  small  amount  of  compression  is 
desirable,  but  should  not  increase  with  earlier  cutoff; 
also,  that  irasteful  effect  of  excessive  compression  is 
greater  with  light  load  than  with  full  load.  The  tests 
seem  unanimous  in  recommending  about  two  units  of 
compression  for  noncondensing  engines,  and  rather  more 
for  condensing  engines.  All  the  data  referred  to  indicate 
that  clearance  steam  is  by  no  means  free  from  moisture 
at  the  beginning  of  compression. 

Following  the  pioneer  work  of  Dwelshauvers-Dery  and 
the  Duchesncs  at  Liege,  several  sets  of  careful  and  ex- 
tensive experiments  upon  the  effect  of  compression  on 
the  economy  of  the  steam  engine  have  been  made  in  dif- 
ferent European  college  laboratories.  The  recent  publi- 
cation of  the  last  of  these,  in  January  of  the  current  year, 
makes  this  an  appropriate  time  for  presenting  a  digest 
of  them  all.  Introductory  particulars  of  the  tests  to  be 
reviewed  are  as  follows : 

A.  By  Prof.  T)welshauvers-Dery,  at  the  University  of 
Liege,  published  in  Revue  de  Mecanii/uc,  1807,  A'ol.  1, 
page  939;  see  also  Poweh.  June  28,  1910,  page  11. -j7. 
Four-valve  engine,  cylinder  :iOOxfiOO  mm.  (11.8x23.6  in.), 
clearance  O.Odd.  Engine  run  noncondensing.  with  steam 
of  about  SO  11).,  absolute  pressure,  .superheatcil  80  deg.  F. ; 
steam  jackets  not  in  action ;  speed  varied. 

B.  By  Dr.  IT.  Klemperer,  at  the  Dresden  Technical 
High  School,  in  1903;  publishcil  in  Zeitschrifl  des 
Vereines  deutscher  Ingenieure.  May  20,  190.5,  pages  797- 
807.  Corliss  engine,  .steam-jacketed  on  barrel  and  heads, 
cylinder  180x4.50  mm.  (7.1x17.7  in.),  extended  piston  rod 
]..57  in.  diameter  on  both  sides  of  piston,  clearance  0.04.5, 

cl  102  r.]).m.     Engine  run  condensing  with  steam  of 

lb.  absolute  pressure,  noncondensing  with  114  lb. 
....-nhite. 

('.  By  Prof.  J.  Boulvin.  at  the  TTniversity  of  Ghent, 
published  in  Retve  de  Mecaniqne,  1907,  Vol.  20.  pages 
109-136.  Corliss  engine,  valves  in  cylinder  heads,  full 
steam  jackets;   cylinder  2.50x.500  mm.    (9.8x19.7   in.); 


clearance  0.038,  speed  102  r.p.m.;  run  noncondensing 
with  saturated  .steam  of  about  92  lb.  absolute  pressure. 

D.  By  E.  Heinrich,  at  the  Stuttgart  Technical  High 
School,  published  in  Zeit.  Yer.  deutsch.  Ing.,  Jan.  3, 
1914,  pages  15-22  and  Jan.  10,  1914,  pages  58-()2.  Lift- 
valve  engine,  full  steam  jackets,  cylinder  250x760  mm. 
(9.8x30  in.),  clearance  0.087;  r.p.m.,  92.5:  engine  run 
condensing  with  saturated  steam  of  116  lb.  absolute,  and 
with  an  al).solute  pressure  of  about  2.2  lb.  below  the  ex- 
hau.'^t  valves. 

Each  experimenter  has  gone  into  a  more  or  less  elab- 
orate thermodynamic  analysis  of  his  observations  and  re- 
sults. The  jH'esent  purpose,  however,  is  to  consider  no 
more  than  the  principal,  primary  determination  of  steam 
consumed  per  indicated  horsepower-hour.  But  before 
giving  and  comparing  the  results  of  experiment,  a  simple 
rational  deduction  will  be  worked  out,  based  on  three  good 
average  empirical  assuinptions:  and  it  will  be  found  that 
the  conclusions  derived  from  this  preliminary  discussion 
will  agree  very  well  in  form  with  the  experimental  curves. 
The  three  assumptions  to  be  made  are: 

(a)  That  equilateral  liyiJerbolas  well  enough  represent 
the  average  form  of  actual  expansion  and  compression 
curves. 

(b)  That  the  clearance  steam  may  be  taken  as  dry 
saturated  at  the  beginning  of  com]iression. 

(r)  That  for  a  given  cylinder,  engine  speed,  and  jiair  of 
limiting  pressures,  the  missing  steam  at  cutoff  will  he 
constant  in  amount,  or  independent  of  cutoff  and  com- 
jjression. 

From  each  of  these,  actual  performance  may  depart 
pretty  widely;  but  in  general,  the  departures  are  tiuanti- 
ties  of  the  second  order  of  magnitude,  whose  study  be- 
longs to  a  close  and  detailed  analysis. 

Tiit:oi!rnc.\i.  DfDUCTiov 

In  Fig.  1.  outline  ABCDEF.l  is  a  steam  or  indicator 
diagram  which  is  ideal  in  that  it  shows  none  of  the  losses 
of  pressure  and  the  rounding  of  corners  due  to  pipe,  port 
and  valve  action.  But  the  steam  is  supposed  to  he  under 
the  full  thermal  influence  of  the  cylinder  wall,  so  that 
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tlie  amount  present  at  cutoff  and  actually  filling  llie 
space  PB  would  have  the  volume  PG  if  none  of  it  wuie 
condensed.  Under  assumption  (a),  curves  BC  and  EF 
arc  of  the  form  pu  ==  C. 

Xow,  the  whole  weight  of  steam  substance  present  at 
cutoff  and  during  expansion  is  made  up  of  two  parts,  the 
clearance  steam  caught  and  compressed  from  the  pre- 
ceding cycle  and  the  new  steam  supplied  from  the  boiler 
for  the  present  cycle.  If  the  former  is  known,  its  full, 
dry  volume  can  be  laid  off  as  PH,  and  its  volume  as  a 
portion  of  the  actual  steam-and-water  mixture  at  cutoff 
will  lie  PJ.  In  this  particular  diagram.  PB  is  0.7  of 
PO,  hence  also  PJ  is  O.T  of  PH.    The  initially  condensed 


:,ssiim]ition  that  a  curve  like  JK  will  agree  with  FE^    I 
or  that  in  expansion  the  clearance  steam  will  give  back 
all  the  work  expended  in  compressing  it,  is  erroneous  and 
loads  to  false  conclusions. 

Gi!oti>  OF  Idkal  Diaguam.s 

In  Fig.  2  is  shown  a  combination  of  40  diagrams  like 
Fig.  1.  The  five  expansion  curves  are  marked  by  num- 
bers which  indicate  cutoff  in  tenths  of  the  stroke.  Tlio 
numbers  on  the  compression  curves  similarly  show  com- 
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Fig.   1.     Ideal  steam   diagram,   witli   separate   steaii 
dia^i-ams,    with    varjing-    cutoff    and    compression.       Fig.    3. 
pression. 

or  "missing"  steam,  which  would  be  represented  by  vol- 
ume GB,  is  then  30  per  cent,  of  the  total  steam.  As  cut- 
off and  compression  vary  (see  Fig.  2),  this  quantity  BQ 
is  to  remain  constant,  not  relatively  or  as  a  percentage, 
but  absolutely. 

If  the  whole  steam  measui-ed  by  volume  PG,  Fig.  1,  were 
admitted  to  a  cylinder  without  any  clearance  space  at  all, 
while  yet  suffei'ing  the  shrinkage  GB  because  of  wall 
action,  it  would  perform  the  woi'k  repi'esented  by  area 
PBCDQP.  By  drawing  an  equilateral  hyperbola  J K , 
like  BC  and  ending  at  the  same  terminal  pressure,  the 
whole  work  area  is  divided  into  proportional  parts, 
PJKLQP  for  the  weight  of  clearance  steam  and 
JBCDLKJ  for  the  weight  of  fresh  steam. 

In  the  actual  engine,  with  piston  displacement  begin- 
ning at  MA  instead  of  OP,  the  net  work  to  be  credited 
to  the  supplied  steam  is  area  ABCDEFA.  Then  the 
shaded  area  between  EFA  and  JKL  represents  the  loss 
of  possible  work  output  due  to  clearance  and  compression. 

The  measurement  of  steam  consumed  in  a  given  time, 
from  which  can  easily  be  computed  the  steam  supplied 
to  the  cylinder  per  cycle,  is  one  of  the  main  determina- 
tions in  an  engine  test.  The  weight  of  clearance  steam 
cannot  be  measured,  but  must  he  inferred  from  the  indi- 
cator diagram,  by  methods  which  at  best  have  in  them 
some  degi'ee  of  uncertainty.  Assuming  dry  saturation 
at  E.  its  weight  is  found  from  volume  QE  and  pressure 
OQ.' 

^liatever  the  actual  behavior  of  the  clearance  steam 
during  compression,  and  whether  oi'  not  curves  BC  and 
EF  are  really  of  the  same  fonn,  the  average  quality  or 
degree  of  dryness  is  higher  during  compression  than  dur- 
ing expansion.  Therefore,  when  a  separate  expansitm 
curve  JK  is  drawn  for  the  weight  of  clearance  steam,  it 
will  lie  within  or  to  the  left  of  curve  FE.     The  earlier 


Units  of  Compression 
Fig.  3 


Pig-.    2.      Gioup   of   ideal 
consumption    with    com- 


pression ER  in  tenths  of  stroke  NM.  Including  zero, 
there  are  eight  comfiressions  to  be  combined  with  each  of 
the  five  cutolfs. 

Now  any  area  ABCDEFA  represents  work  done.  From 
a  volume  got  by  adding  a  constant  BG  (Fig.  1)  to  the 
varialjle  PB  can  be  computed  the  weight  of  total  steam, 
and  from  volume  QE  the  weight  of  clearance  steam.  It 
is  then  not  diflicult  to  calculate  steam  consumption  S 
in  pounds  per  horsepower-hour,  and  most  simply  by  let- 
ting stroke  MX  represent   a   piston   displacement  of   1 
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Fig.  4.  Curves  of 
Best  Compres- 
sion 
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Fig.  5.     Dwelsiiauvers-Deey 
Steam-Eate  Ee- 

SULTS 


cu.ft.  The  results  of  this  calculation  are  laid  out  in 
Fig.  3,  where  each  curve  is  for  a  particular  cutoff  and 
a  horizontal  tangent  determines  the  best  compression 
(giving  lowest  steam  consumption)  with  each  cutoff. 
Variation  of  Steam  Consumption  with  Compression 
The  curves,  Fig.  3,  really  begin  at  end  line  RF  (Fig. 
2)  for  zero  compression:  but  the  dotted  extensions  show 
what  would  be  the  effect  of  a  complete  emptying  of  the 
clearance  space;  if  this  were  possible,  it  would  make  PG 
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(Fig.  1)  the  requirod  amount  of  fresh  steam.  The  unit 
of  the  scale  at  the  bottom  of  Fig.  3  is  the  clearance  vol- 
ume. Because  clearance  was  taken  as  10  per  cent,  in 
Fig.  2.  "units  of  compression"'  here  agree  with  tenths  of 
stroke;  but  generally  the  two  scales  are  different,  as  ap- 
pears in  Figs.  5,  7,  etc. 

Curves  of  Best  Coiipressios' 

A  verv  important  showing  of  Fig.  3  is  that  the  best 

compression  is  not  large,  ranging  from  2  to  2. .5  uuits 

for  the  determining  conditions  of  these   diagrams,  and 

that  it  varies  but  little  with  the  amount  of  expansion. 

The  plot  of  best  com- 
pressions in  Fig.  4, 
on  cutoff  as  base, 
brings  this  out  even 
more  clearly.  Curve 
A  is  from"  Fig.  3, 
while  curve  B  is  got 
from  Fig.  2  and  a 
group  of  curves  like 
Fig.  2,  but  based  on 
the  assumption  that 
expansion  JK  in 
Fig.  1  will  coincide  with  compression  curve  EF.  Sub- 
ject to  secondary  influences  which  will  modify  it  in 
detail  without  changing  its  essential  form,  curve  A 
(Fig.  4)  represents  actual  engine  working  and  shows 
that,  instead  of  continually  increasing  as  cutoff  be- 
comes earlier,  the  most  advantageous  compression  is 
nearly  constant  over  a  wide  range  and  grows  less  for  very 
early  cutoff,  and  from  Fig.  3  it  appears  that  the  harm 
done  by  wrong  compression  is  relatively  greater  with 
early  than  with  late  cutoff. 

Eeview  of  Expeeimext 

All  the  experiments  to  be  presented  were  made  in  the 
metric  system,  but  have  been  reduced  to  English  units. 


Units  of  Compre&bion  ""'''■ 

Fig.  6.     Ixdicator  Diagrams, 

Tests  Xos.   4  and  6   of   Fig.   5. 
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Fig.  7 

Klemp«>rer'.s  Hteam  rates:  Noneondonsing,  no  steam  in 
Jackets,  114  lb.  absolute  steam  pressure:  Series  III,  saturated 
■team:  Rerleg  IV.  steam  superheated  about  90  dog.  F. ;  groups 
a,  cutoff  0.20,  groups  b,  cutolT  0.30. 

Tlic  two  important  relations  between  units  arc  that  1 
kg.  per  sf|.cm.  =  14.22  lb.  per  s(|.in..  and  that  1  kg.  per 
metric  hp.  =  2.23.'}  lb.  per  English  lip. 

T)wELSHAUvi:Rs-T)i:ny  Tests 
The  six  tests  reported  by  l^rof.  T)welshauvers-Dery  are 
represented  by  Figs.  -5  and  0.     Tbi'  principal  curves  in 
Fig.  5  show  steam  rate  S,  while  the  m.e.p.  or  pm  is  also 


given,  chiefly  to  emphasize  the  lightness  of  the  load  on 
the  engine.  Cutoff  was  made  so  early  (at  0.1  of  the 
stroke)  because  full  expansion  to  exliaust  pressure  was 
desired ;  the  engine  would  have  a  better  steam  rate  with 
fuller  achnission.  The  tests  are  in  two  groups,  Xos.  1 
to  3  made  at  45  r.p.m.,  and  Xos.  4  to  6  at  62  r.p.m. 

In  laying  out  the  curves  of  Fig.  5,  the  writer  has  not 
followed  those  of  the  experimenters  in  their  published 
report.  They  give  the  amounts  of  compression  as  zero 
for  No.  1,  0.1  for  Xo.  4,  0.3  for  Xos.  2  and  5,  and  0.4 


Fig.  8 


Fig.  10. 


Fig.  8.  Indicator  diagrams  line  Ilia  in  Fig.  7:  cutoff.  0.20: 
compression.  0,12  and  0.32.  Fig.  10.  Indicator  diagrams,  line 
la  in  Fig.  9;  cutoff,  0.23;  compression,  0.085  and  0.50. 

for  Xos.  3  and  fl.  But  the  indicator  diagrams  do  not 
show  these  nominal  values  to  have  been  realized ;  in  Fig. 
G,  for  instance,  the  actual  compression  is  about  0.1.5  for 
Xo.  4  and  nearly  0..5  for  Xo.  6.  The  original  curves  of 
steam  rate  S  dropped  continually  from  high  compression 
toward  zero  compression,  seeming  to  show  that  any  least 
degree  of  compression  was  harmful.  The  curves  hei'f 
drawn,  with  a  minimum  of  steam  rate  at  about  l.o  units 
of  compression,  better  represent  the  experiments  and 
are  in  accord  with  the  other  results,  and  with  reason. 

Klemperer  Steam  Rates:  XoxcoxDrxsixo 

The  principal  groups  of  Klemperer  tests  are  given  in 
Figs.  7  and  9,  with  atmospheric  exhaust  and  with 
vacuum,  respectively;  there  is  a  further  differentiation 
lietwecn  saturated  and  superheated  steam  in  Fig  7  and 
between  the  use  and  nonuse  of  steam  jackets  in  Fig.  9. 
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Units  OT  Compression 
Fig.  9 

Klemperer  condensing  tests:  Saturated  steam  at  100  lb. 
absolute  pressure:  Series  1.  steam  in  Jackets:  Series  11,  no 
steam  In  jackets:  exhaust  pressure,  2.6  lb.  absolute;  eroims  a 
cutoff  0.12;  groups  b,  cutoft  0.23. 

With  steam  jackets  in  action,  the  steam  used  in  tbcni  is 
included  in  the  steam  rate  N.  The  earlier  ciitotf  is  short 
of  that  for  best  economy  in  both  sets  of  tests,  as  is  shown 
by  curve  ^7  Iving  from  2  to  3  II).  above  curve  h  at  III  and 
II;  but  the  tendency  of  both  economy-promoting  expe- 
dients— (bat  is.  of  suiierlieating  and  of  steam  jacketing — 
to  neutralize  the  bad  effects  of  too  early  cutoff  is  shown 
by  the  approach  of  curve  a  to  curve  h  at  lY  and  I. 
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Tlie  curves  of  Fig.  7  are  like  those  of  Fig.  3  in  having 
their  minima  at  about  two  units  of  compression.  As  is 
reasonable,  the  best  compression  when  running  condens- 
ing (Fig.  9)  is  greater,  ranging  from  3  to  4  units.  Dr. 
Klemperer  ran  some  other  tests  which  it  is  not  worth 
wliile  to  reproduce  here.  In  one  case,  the  cutoff  was 
made  so  early  as  to  give  complete  expansion,  and  the 
curve  of  steam  rate  is  of  the  same  form  as  those  drawn 
in  Fig.  6.  In  another  series,  the  clearance  volume  was 
increased,  bv  setting  out  the  cylinder  heads,  from  4.5  to 
14.5  per  cent.:  this  considerably  increased  the  best 
amount  of  compression,  when  measured  in  parts  of  the 
stroke,  but  made  it  less  in  terms  of  multiples  of  the 
clearance  volume. 

BoiLVix  Tests  with  Steam  Jackets 
The  tests  by  Prof.  Boulvin,  Figs.  11  and  12,  are  in 
groups  with  compression  kept  constant  and  cutotf  va- 
ri«i ;  then  the  primary  curves.  Fig.  11,  are  each  for  a 
I'articular  value  of  compression,  expressed  and  marked  in 
]ipr  cent,  of  stroke.  Having  these,  it  is  a  simple  matter 
to  take  intersections  of  the  curves  with  a  line  of  uniform 
cutoff  and  project  them  over,  as  from  A  to  B,  upon  or- 
di nates  located  by  degrees  of  compression.  This  gives 
(lie  curves  in  Fig.  12,  similar  in  terms  to  Figs.  3,  5,  "7 
and  0,  and  designated  by  cutoff  values  in  per  cent  of 
st  roke 

'I'wo  anomalies  appear  in  this  group  of  tests.  The 
first  is  the  inconsistent  shape  of  the  curve  for  3  per  cent, 
of  compression  in  Fig.  11  :  from  the  way  that  it  cuts 
across  the  other  curves,  at  such  a  decidedly  different  slope, 
results  the  peculiar  shape  of  the  curves  in  Fig.  12  at 
their  left-hand  ends.  However,  since  there  are  but  three 
experimental  points  to  determine  primary  curve  3,  it  may 
be  considered  an  erratic  variation.  Another  peculiar 
point  is  the  marked  reversal  of  curvature  to  the  right  of 
the  minima  in  Fig.  12.    A  trace  of  the  same  tendency  ap- 


Cutoff .  Ports  of  Stroke 

Fig.  11 


Compression  ,ftirt5  of  &^roke 

Fig.  12 


Boulvin  tests,  plotted  as  made  Curves  derived  from  FIr 
wllh  compression  held  constant  11  with  compression  vary- 
iLtul  cutoff  varied.  ing    under    constant    cutoff. 

Steam  pressure,  92  lb.  absolute;  r.p.m.,  102:  clearance,  0.038; 
steam  jackets  in  action  and  jacket  steam  included  in  steam 
consumption;  exhaust  at  pressure  of  atmosphere. 

pears  in  curves  III  of  Fig.  7,  but  further  experimental 
evidence  would  he  needed  to  establish  such  a  shajje  of 
curve  as  typical  or  characteristic. 

Boulvin  Tests  without  Steam  Jacketing 
A  second  group  of  Boulvin  tests,  made  without  steam 
in  the  jackets,  is  represented  by  Figs.  13  and  14,  which 
are  similar  in  scheme  and  relation  to  Figs.  11  and  12. 
Having  only  three  determining  points,  there  is  much 
freedom  as  to  the  shape  of  the  derived  curves  in  Fig.  14, 
and  thev  are  made  consistent  with  Fig.  3  in  shape,  rather 
than  with  Fig.  12.     Clearance  being  3.8  per  cent.,  the 


minima  of  steam  consumption  lie  at  about  two  units  of 
compression  in  both  Fig.  11  and  Fig.  13. 

IIeinkich  Tests 

The  Heinrich  tests,  directly  diagrammed  in  Fig.  15, 
were  run  with  different  compressions  under  constant  cut- 
off. A  special  variable  was  the  amount  of  clearance  sur- 
face, which  was  changed  by  fastening  to  the  cylindei- 
beads  perforated  cast-iron  plates,  separated  by  thin  dis- 
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FiK.  13.  Boulvin  tests  without  steam  jacketing,  other  con- 
ditions as  in  Fig.  11.  Fig.  14.  Curves  derived  from  Fig.  13 
with  compression  varying  under  constant  cutoff. 

tance  l)locks.  The  engine  has  the  very  unusual  feature 
of  a  crank  of  variable  throw,  such  as  is  commonly  useil 
in  certain  machine  tools.  In  these  expermients,  the  stroke 
was  shortened  from  the  full  30  in.  to  as  little  as  27.6  in.. 
being  adjusted  so  as  to  keep  the  clearance-volume  ratio 
the  same  for  each  amount  of  artificial  surface.  As  noted 
beneath  the  diagram,  the  open-circle  points  and  full-line 
curves  show  tests  made  with  steam  jackets,  the  upper 
group  of  points  and  curves  tests  without  jackets.  Within 
these  groups,  the  varying  condition  was  amount  of  sur- 
face, which  was  about  as  follows : 

Curves  Clearance  Surface 

1  and   6 4.82    sq.ft. 

2  and  7 6.11    sq.ft. 

3  and  8 7.G1    sq.ft. 

5,5  and   9 8.96    sq.ft. 

Curves  4  and  5  are  for  the  same  arrangement  of  surface, 
but  differ  because  the  exhaust  pressure  was  2.12  lb.  for 
Xo.  4  and  2.79  lb.  for  Xo.  5. 

The  main  points  of  interest  in  the  jiresent  connection 
may  be  summed  uji  in  two  brief  statements  concerning 
Fig.  15,  namely: 

.\long  with  the  smaller  steam  rate,  when  the  jackets 
are  in  action,  goes  the  fact  that  tlie  curves  are  flatter, 
showing  tliat  the  harmful  influence  of  excessive  compres- 
sion is  less  as  the  conditions  within  the  cylinder  are  bet- 
ter. 

The  influence  of  compression  is  small  in  this  con- 
densing engine,  but  there  is  a  well  establislied  minimum 
of  steam  rate  at  about  2  units  of  compression  without 
jackets  and  at  nearly  3  units  with  jackets. 

COXCLUSIONS 

The  experimental  curves  of  steam  consumption,  witli 
compression  as  base,  are  generally  similar  to  those  laid 
out  in  Fig.  3.  They  confirm  the  deduction  that  a  small 
amount  of  compression  is  desirable  for  steam  economy; 
but  tliis  should  not  increase  with  earlier  cutoff,  and  the 
wasteful  effect  of  excessive  compression  is  greater  with 
light  load  than  with  full  load  on  the  engine. 

For  noncondensing  engines,  the  experiments  are  re- 
markably unanimous  in  recommending  about  two  unii.-; 
of  compression,  or  enough  to  raise  the  terminal  pressure 
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(at  end  of  compression)  to  30  or  40  lb.  above  atmosphere. 
For  condensing  engines,  the  best  length  of  compression 
is  greater,  but  the  resulting  pressure  rise  will  be  smaller. 

These  e.xperiments  are  all  made  with  comparatively 
small  engines,  in  which  the  action  of  the  cylinder  walls 
upon  the  steam  is  relatively  greater  than  in  large  cylin- 
ders. They  show  that  as  the  expedients  for  weakening 
wall  action  (superheating  and  jacketing)  are  more  ef- 
k'ctive,  the  influence  of  varying  compression  upon  steam 
consumption  is  weaker :  and  increase  of  size  will  have 
a  similar  effect. 

Combining  the  indications  of  experiment  with  the 
reasoning  under  Fig.  1,  it  can  be  seen  that  if  working 
conditions  are  such  as  greatly  to  diminish  or  even  to 
abolish  initial  condensation,  the  average  quality  of  the 
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Fig.  15. 

Heinrich  tests,  saturated  steam  of  116  lb.  absolute  pressure, 
cutoff  kept  constant  at  0.1  S  of  stroke:  eng:iiie  run  oondi'nsing:, 
exhaust-pipe  pressure.  2.1  to  2.5  lb.  absolute;  clearance,  0.US7; 
clearance  surf  act-  varied;  speed,  92.5  r.p.m.  Curves  1  to  5, 
full  steam  jackets;   curves  6  to  9,   no  steam  jackets. 

total  steam  during  expansion  may  be  as  high  as  the 
average  quality  of  the  clearance  steam  during  compres- 
sion. With  high  superheat,  for  instance,  say  of  200  to 
300  deg.  F.,  the  steam  in  the  cylinder  at  cutoff  will  not 
have  been  cooled  all  the  way  down  to  saturation  tem- 
l)erature  because  of  its  surrender  of  heat  to  the  cylinder 
walls. 

These  considerations  show  that  there  is  nothing  un- 
reasonable or  contradictory  to  the  data  here  set  forth. 
in  the  verv  hi^h  economv  given  bv  the  Stiiinpr  "'iinitlow"" 
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engine,  wliicli  of  necessity  has  large  clearance  and  full 
compression,  nearly  or  iiuite  ii|i  to  admission  jircssure. 
A\'it]i  every  care  taken  to  <liniinisli  or  prevent  initial  con- 
diiwiilion.  tlie  e\|)iinding  steam  may  have  as  high  quality 


as  the  compressed  steam.  This  would  make  a  partial  ex- 
iiansion  curve  such  as  JK  in  Fig.  1  practically  run  back 
along  FE,  thus  greatly  diminishing  the  shaded  area 
which  represents  loss,  and  making  the  curve  of  best  com- 
pression approch  form  B  in  Fig.  4.  Under  conditions 
of  this  sort,  it  is  possible  for  compression  to  neutralize 
in  very  large  degree  the  bad  influence  of  clearance. 

On  the  question  of  steam  quality  during  compression — a 
matter  which  is  discussed  by  everyone  of  the  experimenter.f 
quoted — it  is  enough  to  say  that  all  the  data  indicate 
that  the  clearance  steam  is  by  no  means  free  from  mois- 
ture at  the  beginning  of  compression,  but  may  have  a 
drjTiess  fraction  running  as  low  as  0.7  to  0.5.  Since 
superheating  will  exert  a  more  direct  and  relatively 
greater  eifect  on  expansion  than  on  compression,  this 
helps  to  support  the  hypothesis  of  practically  equal  aver- 
age steam  quality  for  the  two  curves  in  certain  high- 
grade  engines. 


T®@I  for  Detectaira^  We^B^  Bones' 


By  C.  a.  Cran 

Engineers  using  Illinois  coals  under  water-tube  boil- 
ers are  confronted  with  the  problem  of  tube  corrosion 
close  to  the  tube  sheets  or  headers,  caused  by  the  accumu- 
lation of  soot  and  fine  ashes.  Our  boilers  are  of  the  Heine 
type  and  are  fitted  with  a  steam  soot-blower  installation. 
This  keeps  the  larger  part  of  the  tube  surface  in  good  con- 
dition, but  it  does  not  prevent  the  collection  of  soot  and 
a:~h  on  the  tubes  for  a  space  of  about  four  inches  just 
inside  the  tube  sheet.  When  a  boiler  is  .ihut  down  and 
cooled  ofl',  this  deposit  becomes  damp,  and  the  tube  in 
contact  with  it  corrodes  away  so  thin  at  the  ends  as  to  re- 
quire removal,  while  the  balance  is  good  for  much  longer 
service.  Our  chemist  has  .shaken  this  soot  up  witli  water 
and  found  the  water  acid  to  litmus  paper  and  giving  tests 
for  sulphuric  acid,  evidently  derived  from  the  high  sul- 
phur content  of  the  coal  used. 

The  writer  designed  the  tool  shown  to  detect  tu])es  weak- 
ened i)y  corrosion.     To  use  it,  the  curved  piece  is  placed 
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Tool  for  nKTEt'TiNC,  Weak  Boiler  Tubes 

just  inside  the  end  of  the  tube  and  the  lever  on  it, 
with  tbc  sharp  point  against  the  tube  surface  to  be  tested. 
A  pull  of  about  75  lb.  will  pierce  a  tube  when  corroded  to 
Vn^  in.  thickne,'*s,  but  a  tube  over  -^  in.  thick  will  give 
a  springy  or  yielding  feel  when  force  is  exerted  on  tlic 
tool  so  that  weai<ness  is  shown  before  the  tul)e  is  on  the 
])(>int  of  failure.  The  tool  will  make  no  impression  on  a 
new  No.  1 1-gage  tube.  The  dimensions  sliown  are  for  .'H/i- 
iii.  tui)es,  but  may  readily  l)c  altered  to  suit  tubes  of  otlicr 
sizes,  and  the  diameter  of  the  ti])  may  be  varicil  to  suit  tlic 
ideas  of  the  user.  The  lever  and  fulcrum  are  not  pcnnini- 
cntly  bolted  together,  as  it  is  frcq\u'ntly  easier  tn  iiwci-i 
them  .separately. 
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to^ndlemser  aimdl  Meatter  Calc^latlioini^ 


By  Fhaxk  E.  Wheelek 


SYNOPSIS — Charis  for  readily  finding  the  square  feet 
of  cooling  surface  required  in  a  surface  condenser,  the 
amount  of  cooling  trater  required,  and  the  amount  of 
ii eating  surface  for  a  heater.  The  derivation  and  use  of 
the  charts  are  explained. 


All  problems  involving  the  transfer  of  heat  from  one 
body  to  another   contain  a  factor  called  "temperature 


head"  or  pressure.  In  surface  condenser  and  closed  feed- 
water  heater  calculations,  this  temperature  head  is  the 
difference  between  the  steam  temperature  and  a  mean 
temperature  of  the  water  circulating  through  the  tubes. 
The  arithmetric  mean  is  often  used,  but  in  these  calcula- 
tions, where  ■the  temperature  of  the  out-going  water  so 
nearly  approaches  the  steam  temperature,  a  more  accurate 
\alue  is  necessary.  The  following  formula,  generally  at- 
tributed to  Grashof,  and  also  derived  by  C.  P.  Poole 
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Fig.  1.     Ch.'.rt  foi;  SriiFACE  Condensers 
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where  S  =  square  feet  of  tube  surface:  \V  =  pounds  of  steam  per  hour:  L  =  latent  heat,  asumed  as 
lOuO;  U  =  B.t.u.  transmitted  per  square  foot  per  hour  per  degree  difference  of  temperature,  Ts  = 
temperature  of  vacuum;  T2  =  outlet  temperature  of  water;  Tj  =  inlet  temperature  of  water;  R  —  ratio 
of  condensing  water  to  condensed  steam. 
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(PowEi;,  V(j1.   :i(),  p.    T;58),  as  well  as  Hausl)raucl  aua 
Liickej  is  as  follows : 

T,  —  T^ 


D  = 


Lot    .^' 


Sijiiiiri'  feet  lit'  tnlte  surface; 
1.5  ZO 


Ts=  Temperature  of  steam; 
T^  =  Temperature  of  water  leaving  tubes ; 
Ti  =  Temperature  of  water  entering  tubes. 
Surface  Condexsees 
A  surface  condenser  is  an  appliance  to  effect  a  transfer 
of  heat  from  steam  to  circulating  water  and  its  heat  bal- 
ance may  be  expressed  by  the  formula : 


4.0       +.5      EO     5.5    6.0    6.5  7.0  7.5  &0  aS  9.0  95  100 
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where  S  =  square  feet  of  heatlnn  surface;  W  =  pounds  of  water  per  hour;  Ts  =  temperature  of 
steam:  T,  =  inlet  temperature  of  water:  Tj  =:  outlet  temperature  of  Water;  U  =  Btu.  transmitted 
per  square   foot   pi-r   hour   per   desree   difference   of  temperature. 


r  =  B.t.u.  transmitted  ])iT  hour  per  degree  dif- 
ference of  (eniporature  per  square  foot ; 

L  =  Latent  heat  in  steam  corresponding  to  its 
temperature; 

W    ^  Pounds  of  steam  condensed  per  hour; 

w    =  Pounds  of  water  lieated  per  hour; 

J)  =  ^lean  ditlerence  in  temperature  between  water 
and  steam ; 


S  = 


USD  =  W  L 
WL 


This  is  a  cumljersomc  formula  to  use  or  plot,  but  the 
function 
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E  = 


loge 


T. 


uhich  contains  three  variables,  maj'  be  simplified  by  let- 
ting (2^2  —  rj  =  a  and  {Ts  —  Tj  =  b,  whence 
n         —         y. 


i>  = 


%« 


(T.-rj-Cr,-?-,) 


Zo^ 


'O- 


Xow  assume  values  for  a  and  6  and  solve  for  D,  obtaining 
a  series  of  curves  as  shown  on  Chart  No.  1.  Having 
found  D,  the  formula  is  of  simple  form,  which  plots  in 
straight  lines  on  logarithmic  paper. 

Example  1 :  To  condense  70,000  lb.  of  steam  per  hour 
and  produce  a  28-in.  vacuum  (referred  to  a  30-in.  barom- 
eter) with  circulating  water  at  70°  P. 

Assume  the  temperature  of  the  water  leaving  the  con- 
denser to  be   10  deg.  cooler  than  the  incoming  steam, 
Ts   —  10   =    r,   =    91.5.     Let  the   heat   transmitted 
per  hour  per  degree  difference  of  temperature  per  square 
foot  be  350  B.t.u.    Then, 
W    =70,000; 
Ts  =  101.5  deg.  F.; 
^3=  91.5  deg.; 
r'l  =  70  deg. ; 
U    =350; 

{Ts  —  T^)  =  31.5  deg.; 
(r,-r,)  =21.5  deg. 

Enter  Chart  No.  1  at  31.5  on  the  base,  the  value  of 
(3'2  —  r,)  and  extend  vertically,  as  shown  by  the  dotted 
line,  to  31.5,  the  value  {Ts  —  Tj) ;  read  horizontally 
to  350  the  value  of  U;  vertically  to  70,000,  the  value  of 
ir  (70  being  the  same  as  70,000  on  logarithmic  paper)  ; 
horizontally  to  the  edge  of  the  chart  and  read  10,G70, 
the  number  of  square  feet  of  cooling  surface  required. 

In  accordance  with  commercial  practice  of  the  con- 
denser builders,  the  value  L  has  been  taken  as  1000, 
which  corresponds  closely  to  the  heat  content  of  steam 
in  the  condenser,  which,  before  entering  the  turlnne,  had 
175  lb.  pressure  and  100  deg.  superheat.  The  value  L 
would  be  about  950  for  steam  entering  the  turbine  at  150 
lb.  dry  and  900  if  entering  the  turbine  dry,  but  at  a 
pressure  of  about  5  lb.  gage.  Therefore,  for  the  two  lat- 
ter conditions,  5  and  10  per  cent.,  respectively,  should  be 
deducted  from  the  final  value  obtained. 

Cieculatixg-Water  Eatio 

The  actual  ratio  of  circulating  water  to  condensed 
steam  is  determined  by  the  formula 

fL  +  q~(Tc  —  Z2) 

^2  -^  1 

AYhere  B,    =  Pounds  of  circulating  water  per  pound  of 
steam ; 
/    =  Quality  of  the  steam ; 
L    =  Latent  heat  of  the  steam ; 
q    =  Heat  of  the  liquid  in  the  steam ; 
Tc  =  Temperature  of  condensate ; 
T„  and  T^  as  Ijefore. 
Due  to  the  large  difference  in  capacities  between  the 
different  commercial  pump  sizes  available,  tliis  formula 
may,  for  practical  use,  be  written 


y. 


using  the  same  values  of  L  as  before. 

Assume  the  same  problem  and  start  at  the  base  of 
Chart  No.  1  at  31.5,  the  value  of  (T,  —  TJ  ;  follow", 
vertically  to  the  longest  diagonal  marked  L  (10)  ;  then 
horizontally  to  side  of  the  chart  and  read  46.5,  the  value  of 
A'.  Therefore,  to  condense  70,000  lb.  of  steam  per  hour 
and  produce  a  vacuum  of  38  in.. 


70,000X46.5 


=  6510  f/aUans  vcr  minute 


8i  X  60 

of  circulating  water  at  70  deg.  is  required. 

Feed-Water  Heaters 

The  function  of  this  apparatus  is  similar  to  a  surface- 
condenser  and  its  heat  balance  may  be  expressed  as  fol- 
lows : 

USD  =  w{T^- 

.,                 «'(7',  ■ 
or  8  = ^  -- 


T.~T, 


U 


yioge^^—ij^) 


=  ^O'J' 


Ts 


T. 


U 


su 


=  %. 


Ts 


T, 


Ts-T^ 

Assuming  values  for  {Ts  —T^)  and  {Ts  —  T„),  the 
curves  shown  on  Chart  No.  2  are  obtained.  Calling  the 
Ts  —   T, 


loye 


Tc,  the  formula  becomes   S 


Ts  —   y,' 

which,  as  before,  can  be  plotted  as  straight  lines 

on  logarithmic  paper. 

Example  3 :  To  heat  45,000  lb.  water  per  hour  from 
67  to  302  deg.  with  ample  exhaust  steam  available  at 
313  deg.  F.     We  have 


W  =  45000 
Ts  =  212 
T^  =  203 
T,  =    67 


Assume  U  =  225 

{Ts—T^)  =  145 
(Ts—T,)  =    10 


Begin  at  1.45  at  the  base  of  the  chart,  value  of  {Ts  ■ 
r,) ;  and  read  vertically  to  10,  the  value  of  {Ts  —  T.) ; 
then  horizontally  to  2.35,  the  assumed  value  of  U :  now 
vertically  to  45,000,  the  value  of  w,  and  horizontally  to 
the  edge  of  the  chart  and  find  535,  the  number  of  square 
feet  of  heating  surface  required. 


For  the  En^neer's  "Don't  Book" — Some  don'ts  from  the 
book  of  instructions  issued  by  the  Susquelianna  Coal  Co. 
which  are   equally  good  for  the   engineers'   don't  book: 

Don't  forget  that  thorough  and  efficient  examinations  and 
inspections  before  accidents  bring  better  results  than  the 
same  "work  after  an  accident. 

Don't  forget  to  help  educate  the  employees  to  take  care 
of  themselves. 

Don't  wait  for  the  general  inspector  to  point  out  danger- 
ous  conditions. 

Don't  fail  to  take  every  precaution  to  insure  the  safety 
of   the   workmen. 

Don't  fail  to  have  investigated  at  once  any  dangerous 
conditions  reported   to  you. 

Don't  employ  a  man  for  work  with  "which  he  is  not  familiar 
without  giving  him   instructions. 


•When    R=50,    the    gallons    of   water   per   minute 
tenth   of  the   pounds  of  steam   condensed   per  hour. 
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SYNOPSIS — The  concluding  article  of  the  s,.ries,  tahini; 
up  electrical  features  of  motor  installations,  mchtding 
starters,  protective  devices  and  methods  of  wiring. 

Upon  the  clri\ing  equipment  of  a  factory  depends  its 
entire  productive  capacit3',  and  in  order  to  guarantee 
reliability',  all  electrical  equipment  must  be  installed  in 
a  thorough  manner.  The  decreased  cost  for  maintenance 
will  more  than  offset  any  extra  costs  incurred  in  a  first- 
class  initial  installation. 

Next  to  the  motor  itself,  the  control  equipment  is  of 
first  importance.  This  is  often  a  point  of  weakness  and 
it  is  possible  to  greatly  impair  both  the  effectiveness  and 
the  reliability  of  a  drive  by  control  devices  not  best  suited 
to  the  requirements. 

The  principles  of  direct-current  starting  boxes  and 
control  panels  were  discussed  in  an  earlier  article,*  al- 
though a  few  details  deserve  attention  at  this  point. 
The  ordinarj'  control  equipment  of  a  direct-current  motor 
consists  of  a  starting  box,  a  switch  and  a  fuse  cutout. 
There  are  on  the  market  simple  slate  panels,  upon  which 
are  mounted  various  types  of  starters,  together  with  a 
switch  and  fuses  or  with  a  double-pole  circuit-breaker.  The 
circuit-breaker  tj7>e  is  preferalile,  except  for  widely  fluc- 
tuating loads  or  where  hea\'y  starting  current  is  required. 
The  panel  board  is  compact,  inexpensive  and  easily  in- 
stalled and  the  cost  of  upkeep  is  low. 

Ordinary  starters  are  designed  for  moderate  duty  at 
infrequent  intervals.  Wliere  heavy  loads  are  to  be  accel- 
erated or  where  repeated  starting  is  required,  special  re- 
sistance must  1)0  furnished.  Starters  of  the  sliding-con- 
tact  t\7)e  must  necessarily  have  a  large  number  of  resist- 
ance steps  in  order  to  roduie  the  arcing  occurring  when 
the  lever  is  moved  from  one  segment  to  another.  In  the 
larger  sizes  it  is  difficult  to  prevent  all  arcing  and  also 
to  obtain  good  contacts.  ^lultiple-switch  starters  are 
preferable  for  heavy  work,  since  little  or  no  arcing  oc- 
curs, and  excellent  contacts  are  secured  through  the  use  of 
laminated  brush  construction,  in  which  ease  it  is  not  nec- 
essary to  provide  as  many  resistance  steps. 

Drum-type  controllers  are  commonly  used  where  con- 
tinuous or  frequent  control  is  desired,  as  they  are  more 
dural)le.  Tliey  are  best  suited  for  variable-speed  machine- 
tool  work  and  for  all  dirty  locations.  A  drum  controller 
;an  be  mounted  readily  at  any  point  on  the  driven  machine 
and,  if  inaccessible  to  the  operator,  a  chain  drivs  spur 
gear,  bevel  gears,  rafk-and-]iinion  or  swivol-joint  dovio 
can  be  arranged  to  bring  the  point  of  control  to  tho  desired 
location.  Tlicy  are  not  ordinarily  fitted  with  protective 
devices,  but  where  desired,  a  no-voltage  release  and  cir- 
cuit-breaker can  be  furnished.  More  commonly,  a  fused 
switch  is  used. 

Wiere  direct-current  motors  are  to  have  their  speed 
controlled  by  tlie  armature-resistance  method,  it  is  im- 
portant that  the  resistance  bo  properly  apportioned  to  the 
load.  The  speed  of  the  motor  depends  upon  the  voltage  at 
its  terminals.     This,  in  turn,  is  dependent  upon  the  re- 

•iSee   "Power."  pa^e   44S.  Sept.   2!).   1014. 


sistauce  drop,  and  the  latter  is  proportional  to  the  cur- 
rent. If  the  resistance  is  not  properly  proportioned  for 
all  loads,  then  the  speeds  wiU  not  be  correct.  Consider 
a  case  in  which  a  10-hp.  motor,  rated  at  1200/600  r.p.m., 
drives  a  printing  press.  This  is  approximately  a  constant- 
torque  drive  and  the  load  varies  directly  with  the  speed. 
Assume  that  the  motor  requires  4  hp.  at  low  speed. 
The  resistance  is  designed  to  reduce  the  armature  volt- 
age from  line  pressure,  220  volts,  to  about  110  volts,  so 
that  the  motor  will  run  at  half  speed.  The  resistance  drop 
wiU  be  correct  only  if  the  load  be  5  hp.  With  4  hp.  there 
will  be  about  88  volts  drop,  and  the  speed  wiU  be  about 
750  r.p.m.  The  load  wiU  increase  somewhat  so  that 
the  speed  will  not  be  as  great  as  this,  but  it  will  materially 
exceed  600  r.p.m.,  as  desired. 

This  point  may  be  made  more  clear  by  means  of  a  set 
of  curves,  as  sho\\'n  in  Fig.  1.  Curve  A  shows  the  speed 
regulation  with  fuU  voltage  at  the  armature;  curve  B, 
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Fig.  1.  Speed  Load  CirARACTEuisTics  foe  0,  10,  30  and 
50  PEE  Cent.  Akmature  Resistaxce 

with  a  small  resistance  inserted,  and  curve  D  with  all 
the  resiitance  inserted.  It  is  evident  that  for  a  given  load, 
for  instance  5  hp.,  the  speed  will  depend  upon  the  resist- 
ance. Also  with  a  large  amount  of  resistance  in  the 
armature  circuit  the  speed  varies  widely  witii  the  load. 
To  obtain  a  desired  sp?ed,  at  a  designated  load,  it  is  neces- 
sary that  the  resistance  be  of  the  proper  value.  This 
sho'ild  illustrate  the  necessity  of  carefully  predetermin- 
ing I'ad  conditions  for  machines  using  this  t3rpe  of  con- 
trol and  arranging  the  control  resistance  in  accord  with 
the  requirements. 

Direct-current  motors  having  their  speed  controlled  by 
the  field-resistance  method,  have  a  definite  speed  at  eacli 
controller  point,  changes  in  load  having  little  effect. 
Therefore,  the  points  above  mentioned  concerning  arma- 
ture control  do  not  apply  in  the  same  manner.  It  is  nec- 
essary, however,  to  consider  tlie  relations  of  power  to 
speed  to  prevent  seriously  overloading  the  motor  at  any 
point  in  its  range.  For  this  service,  controllers  in  which 
armature  and  field  resistance  are  both  included  in  the 
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.<;uue  iiuit  are  iireferablu,  since  an  iuierloeking  devit-e  is 
provided  which  insures  starting  the  motor  under  full 
lleld.  If  the  motor  be  started  with  a  weak  field,  a  nuuh 
heavier  current  is  required  for  a  given  torque,  since  the 
magnetic  intensity,  a  component  of  torque,  is  low. 

Polyphase  alternating-current  motors  up  to  and  in- 
cluding 3  lip.  are  generally  provided  with  a  simple  single- 
throw  switch,  and  the  fuses  are  made  sufficiently  heavy  to 
withstand  the  rush  of  current  at  starting.  As  there 
is  usually  little  inertia  to  these  light  drives,  the  accelerat- 
ing period  is  short  and  the  fuses  will  not  blow.  Five- 
horsepower  motors  are  generally  started  by  means  of 
double-throw  switches,  fused  on  the  running  side  only. 
This  arrangement  is  also  used  for  smaller  motors  where 
the  starting  load  is  heavy.  Squirrel-cage  motors  larger 
than  0  hp.,  which  are  to  accelerate  under  load,  should  be 
started  under  reduced  voltage.  Seven  and  one-half-hovse- 
power  motors  driving  fans  or  otherwise  starting  light,  may 
be  started  on  full  voltage  with  a  douljle-throw  switch  in 
some  cases  where  voltage  regulation  is  unimportant.  Volt- 
age reduction  during  the  starting  period  is  obtained 
through  auto  transformers,  called  compensators,  through 
insertion  of  resistance,  in  the  primary  circuit,  by  taps  in 
supply  transformers  and  by  star-delta  connection  of 
motors. 

The  compensator  permits  a  selection  of  voltage  to  cor- 
respond with  the  starting  torque  required.  It  is  efficient 
and  reliable,  and  the  switch  is  inmiersed  in  oil,  thus  de- 
creasing the  arcing  at  the  contacts.  Eesistance  starters 
usually  have  air-contact  devices,  but  they  do  not  reduce 
the  starting  current  as  effectively  as  compensators,  due 
to  the  loss  of  power  in  the  resistance.  A  simple  starter 
of  this  type  is  that  using  variable-pressure  carbon  cyl- 
inders for  resistance.  This  is  quite  satisfactory  for  motors 
of  small  size.  The  use  of  taps  from  the  supply  transform- 
ers is  feasible  for  a  few  installations.  Usually  half-volt- 
age taps  are  the  only  ones  available.  With  only  half  volt- 
age impressed  upon  the  motor,  its  torque  is  low,  so  that 
this  practice  is  confined  to  motors  starting  under  light 
loads.  The  star-delta  method  is  attained  by  the  use  of 
special  winding  connections,  allowing  two  groupings  of 
the  stator  coils,  and  it  is  necessary  to  carry  out  six  leads 
from  the  motor  to  the  switch.  This  arraugement  also 
provides  but  one  value  of  starting  voltage,  and  it  is 
adapted  for  light  starting  work  only. 

In  selecting  starting  devices,  attention  .should  be  given 
to  those  points  calculated  to  render  the  device  foolproof. 
In  the  case  of  compensators  it  should  be  impossible  to 
throw  the  motor  to  running  position  without  pausing  at 
the  starting  position.  It  should  also  be  impossible  to 
leave  the  handle  at  the  starting  point.  The  interlocking 
devices  on  the  best  types  of  commercial  compensators  fur- 
nish this  protection.  No-voltage  release  devices  are  on 
the  compensators  only.  Some  manufacturers  furnish 
them  only  as  an  extra.  They  protect  the  motor  by  throw- 
ing the  compensator  to  the  off  position  in  case  of  failure 
of  the  voltage.  Then,  when  the  service  is  again  contin- 
ued, the  motor  must  be  manually  started;  without  this 
])rotection  it  would  receive  full  line  pressure  while  at  rest 
and  serious  injury  might  result. 

Slip-ring  motors  are  started  with  full  voltage  im- 
pressed upon  the  primary  circuit  and  resistance  is  in- 
serted in  the  secondary  circuit.  Inasmuch  as  the  rotor  or 
secondary  circuit  has  high  resistance  during  the  acceler- 
ating period,  its  current  is  reduced  and  that  taken  from 


the  line  liy  transformer  action  is  lessened.  As  the  motor 
speeds  up,  the  resistance  may  be  cut  out  uutil  full  speed 
is  reached  with  the  controller  short-circuited.  Compar- 
atively heavy  starting  torques  can  be  obtained  by  this 
method  with  attendant  low  starting  currents.  The  method 
is  desirable  for  very  heavy  starting  service.  When  slip- 
ring  motors  are  used  for  variable-speed  service  they  act 
similarly  to  direct-current  motors  with  armature  resist- 
ance. The  points  mentioned  in  that  connection  with  re- 
gard to  the  relations  of  speed  to  load  apply  to  these  motors 
also. 

Overload  protection  for  any  motor  may  be  had  through 
the  iise  of  fuses,  circuit-breakers,  overload  releases  and 
time-limit  relays.  Fuses  have  the  advantage  of  low  first 
cost  and  tlie  disadvantages  of  high  maintenance  expense 
and  delays  for  renewals.  Their  ability  to  withstand  in- 
stantaneous peaks  without  blowing  is  a  point  of  value. 
They  are  rated  at  maximum  continuoiis-current  carrying 
capacity,  and  will  usually  blow  at  current  values  about 
35  per  cent,  above  their  rating,  depending  upon  the  con- 
dition and  duration  of  the  load.  Table  1  shows  the  stand- 
ard sizes  of  fuses  interchangeable  in  the  same  clips.    It  is 

TABLE    1.      INTERCHANGEABLE    FUSES    FOR    STANDARD 
CUTOUTS 
Cutout  Rating  Standard  Fuse  Sizes,   Amperes 

30  amperes 1—2—3 — 4 — 5 — 6 — 7 — 8 — 9 — 10 — 12 — 15 — 

20 — 25 — 30 

60  amperes 35 — 40 — 45 — 50 — 55 — 60 

100  amperes 65—70 — 75 — SO — 90 — 100 

200  amperes 110 — 120 — 130 — 140 — 150 — 160 — 170 — ISO — 

190 — 200 

400  amperes 225—250—275—300—325—350—375—400 

600  amperes 425 — 450 — 475 — 500 — 525 — 550 — 575 — 600 

advantageous  to  liave  different  ratings  of  the  same  size 
of  different  colors  so  that  a  casual  glance  will  detect  any 
substitution. 

Circuit-breakers  are  commonly  used,  especially  on  di- 
rect-current circuits;  they  afford  excellent  protection, 
cause  minimum  delay  to  the  service,  eliminate  costly  fuse 
renewals ;  they  can  be  made  to  break  heavy  currents  safely 
and  with  minimum  arcing ;  they  can  be  arranged  to  signal 
in  case  of  opening,  but  their  instantaneous  action  renders 
them  unsuited  for  some  fluctuating  loads. 

Overload  release  coils  are  provided  on  some  direct- 
current  starting  boxes  and  alternating-ciirrent  compen- 
sators in  place  of  fuses.  They  usually  operate  by  short- 
circuiting  the  no-voltage  release  magnet.  In  'the  larger 
sizes  of  direct-current  starters  the  no-voltage  release  coil 
actuates  tlie  overload-release  device  which  is  similar  to  a 
circuit-breaker.  This  arrangement  is  necessary  to  pre- 
vent destructive  arcing  at  the  first  segment.  In  connec- 
tion with  alternating-current  compensators,  no-voltage 
and  overload-release  attachments  are  useful  and  should  be 
used  for  most  large  sizes,  due  to  their  ability  to  eliminate 
(ostly  fuse  renewals.  Definite  time-limit  and  inverse 
time-limit  relays,  as  their  names  imply,  will  carry  instan- 
taneous peaks  but  will  operate  under  maintained  over- 
loads. They  operate  similarly  to  overload-release  coils 
and  are  well  adapted  to  service  where  fluctuating  loads 
occur. 

The  wiring  layout  of  a  factory  is,  of  course,  a  matter 
depending  largely  upon  local  conditions,  the  details  of 
each  installation  requiring  special  consideration.  The 
sul)ject  will  he  treated  in  a  general  way  and  data  given 
to  assist  in  making  calculations. 

In  any  factory  of  considerable  size,  it  is  practically 
compulsory  that  the  power  and  lighting-distribution  sys- 
tems be  separate;  this  is  necessary  to  secure  satisfac- 
torilv  uniform  lighting  service,  reliability  and  independ- 
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ence.  The  usual  power  voltaees  are  220  and  440,  and  the 
best  lighting  voltage  110,  inasmuch  as  tungsten  lamps 
may  be  used.  With  isolated  direct-current  plants,  this 
can  be  accomplished  with  a  three-wire  generator  and  com- 
pensator. If  220-volt  direct-current  service  only  is  avail- 
able, it  is  frequently  best  to  install  a  small  balancer  set 
and  distribute  through  a  three-wire  system.  Wliere  alter- 
nating current  is  used,  it  is  a  simple  matter  to  transform 
to  the  desired  voltage.  If  the  system  is  polyphase,  it  is 
best  to  arrange  to  approximately  balance  the  lighting  load 
on  the  phases  if  this  load  exceeds  10  per  cent  of  the  motor 
load.  Two  transformers  or  autotransformers  are  neces- 
sary to  accomplish  tliis  result.  The  latter  are  cheaper, 
while  the  former  add  an  insulating  link  in  the  installa- 
tion. 

A  large  plant  should  be  divided  into  sections  usually 
corresponding  to  departments  or  Iniildings.  Each  division 
should  have  its  separate  feeder  circuit.  This  system  gives 
maximum  reliability  through  isolation  of  circuits,  it  af- 
fords centralized  control,  uniform  voltage  at  all  points. 


OxE  Method  of  ^Iaking  Eigiit-Axgled  Turn 
IN  Line 

flexibility  and  case  of  extension  through  tlie  use  of  addi- 
tional feeders  and  permits  a  check  upon  power  consump- 
tion of  departments  if  desired. 

The  most  advantageous  location  for  distribution  wiring 
is  upon  the  ceilings  below  the  floors  fed.  A^Tierc  motors 
are  wall  or  ceiling  mounted  the  distribution  wiring  can 
be  readily  carried  upon  the  same  ceiling.  Where  the  in- 
stallation is  mixed  it  is  often  best  to  maintain  the  layout 
plan  and  possibly  isolate  the  floors.  This  plan  may  not 
be  necessary  and,  in  many  cases,  one  set  of  feeders  may 
suffice  for  ceiling  motors  as  well  as  machines  on  the  floor 
above.  In  a  single-storj'  building  with  timber  flooring, 
circuits  beneath  the  floor  may  or  may  not  be  advisable, 
depending  partly  upon  accessibility.  Wliere  there  arc 
concrete  floors,  the  wiring  may  l)e  in  concealed  conduits 
or  tunnels.  It  is  not  desiralile,  however,  if  the  machines 
are  frequently  relocated.  In  such  cases  a  checkerboard 
connecting-in  system  may  be  arranged  if  the  expense  is 
warranted. 

Open  wiring  is  cni])lnvc(l  cxtcnsivel}'  for  heavy  work, 
heavy  circuits  being  handlcil  usually  through  the  use  of 
single-conductor  cable.  The  best  type  of  construction  is 
that  employing  straight  line  layouts  with  the  feeders  dead 
ended  at  the  extremities  of  a  run  through  strain  insula- 


tors. Split  eyes  support  the  cable  and  keep  it  in  line 
but  they  do  not  clamp  it.  Where  a  turn  is  desired,  one 
set  of  wires  crosses  the  other  at  a  different  elevation  and 
jumpers  connect  the  points  desired.  This  arrangement 
is  shown  in  Fig.  2.  Lighter  wires  may  be  run  neatly  by 
the  use  of  the  ordinary  clamping  cleats.  Care  should 
be  taken  to  maintain  good  tension,  supjjort  the  wires  at 
intervals  not  greater  than  4I/2  ft.  and  do  all  work  thor- 
oughly. Considerable  light  wiring  is  being  done  by  the 
use  of  multiple-conductor  cable,  thus  lowering  the  work 
of  installation  materially;  in  many  places  this  practice  is 
to  be  commended. 

Conduit  work  is  desirable  in  a  factory  for  all  light 
work  invohing  the  use  of  No.  6  B.  &  S.  wire  or  below. 
It  should  be  used  for  all  wiring  exposed  to  injury,  hence 
for  most  vertical  rims,  on  posts  and  about  macliines. 
Conduit  may  also  be  advantageous  in  places  exposed  to 
moisture,  acids  or  fumes;  the  ends  being  sealed  with  wax 
or  rosin.  The  usual  rules  for  conduit  work  should  be  met. 
For  alternating-current  work  all  wires  must  be  in  the 
same  conduit,  and  for  direct-current  work  this  practice  is 
desirable.     Splices  must  not  be  pulled  into  the  conduit. 

For  work  involving  copjier  heavier  than  No.  8,  B.  &  S. 
gage,  stranded  cable  should  be  used.     Table  2  shows  the 

TABLE  2.     CONDUIT  SIZES.  INCHES 


B.  &  S.  Gage 

or  Circ.  Mils. 

2  Wires 

3  Wires 

4  Wires 
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2 
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2        000 

2 
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3 

3 
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2 
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3 
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3 

l^ 

3% 

300.000 

2% 

3 

3 

4 

350,000 

3 

3 

3H 

3'/4 

4 

400,000 

3 

3 

3Vi 

4 

4% 

(.500,000 

3 

3% 

3M 

4 

4i4 

conduit  sizes  required  for  numbers  of  wires  based  on  runs 
having  not  more  than  4  ninety-degree  turns. 

Flexible  metal  conduit  is  excellent  about  machines  for 
motor  and  controller  leads.  It  is  easily  installed  and 
fitted  into  out-of-the-way  locations.  Wliile  loom  is  some- 
times used  for  this  work,  it  is  inferior. 

The  proper  wire  sizes  for  power  distribution  depend 
upon  heating  and  upon  resistance  and  reactance  voltage 
drop.  For  short  runs  the  former  is  the  limiting  feature 
but  for  long  circuits  of  No.  0  wire  or  larger,  carrying 
alternating  current,  the  reactance  drop  must  be  consid- 
ered, particularly  where  tlie  wires  are  spaced  some  dis- 
tance apart.  Tables  of  values  of  impedance  drop  in  vari- 
ous circuits  are  given  in  electrical  handbooks.  In  cir- 
cuits of  large  wire  the  reactance  drop  may  equal  or  exceed 
the  resistance  drop. 

The  permissible  voltage  drop  varies  according  to  tlie 
source  and  cost  of  jiower,  distance  of  transmission  and 
character  of  load.  In  the  case  of  an  isolated  plant,  where 
the  feeder  system  is  properly  laid  out,  it  may  lie  allow- 
able to  run  the  generator  at  a  voltage  as  much  as  ten 
per  cent,  above  motor  rating  and  permit  this  drop  in  the 
distrilmtion  circuits.  In  most  instances,  a  lower  drop 
must  be  figured.  The  motors  must  have  full  rated  volt- 
age, or  nearly  so,  especially  if  they  carry  overloads  or 
require  good  starting  torque,  as  these  quantities  vary  as 
the  square  of  the  voltage.  Tiieoretically,  the  drop  should 
depend  upon  the  comparative  cost  of  power  and  copper. 
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The  percentage  of  power  loss  corresponds  approximately 
to  the  percentage  of  resistance  drop.  If  the  power  loss 
per  auiiuni  is  made  equal  to  the  interest  on  copper  per 
annum,  the  system  is  supposed  to  represent  the  best  in- 
vestment. Wherever  there  is  a  probability  of  future  ex- 
tension or  a  possibility  of  replacing  a  motor  or  motors  by 
larger  sizes,  the  wiring  should  be  installed  to  handle  the 
heavier  service. 

For  the  sake  of  facilitating  estimates.  Table  3  is  given, 

TABLE  3.     APPROXIMATE  AMPERES  PER  TERMINAL  FOR 
MOTORS 

220  Volts 


Dir.  Cuirsnt     Single-Phase       2-Phase 


3-Phase 
3.2 


37.0 

50 

25 

50 

TO 

35 

75 

48 

95 

54 

133 

SO 

1S8 

110 

280 

165 

373 

215 

73S 

410 
220 

voltages 

multiply 

by 

on  poles  are  best  placed  on  platforms  using  two,  three  or 
four  poles  as  legs,  depending  upon  the  weight.  Care 
should  be  exercised  to  place  the  transformers  advantag- 
eously, so  as  to  save  secondary  copper. 


An  air  pump,  invented  by  E.  W.  Christie,  mechanical 
engineer  of  the  Wheeler  Condenser  &  Engineering  Co.,  at 
Carteret,  N.  J.,  solves  the  question  of  clearance  by  us- 
ing a  central  belt  port  (like  the  Unaflow  engine's  exhaust) 
for  an  inlet  port  and  making  the  cylinder  head  the  ex- 
haust valve. 

Eeferring  to  the  accompanying  section,  when  the  piston 
is  at  the  end  of  its  stroke  the  central  port  is  uncovered 
and  the  cylinder  fills  with  air  and  vapor  of  the  pressure 
existing  in  the  condenser,  together  with  some  water.  The 
first  movement  of  the  piston  on  the  return  stroke  covers 
this  port  and  the  air  and  vapor  are  compressed  and, 
with  the  water,  discharged  at  A  A  when  the  head  which 
forms  a  discharge  valve  is  lifted  from  its  seat  against 


Figs.  3  to  G.   Methods  of  Le.\dixg  Wires  into  Buildixgs 


showing  full-load  current  ratings  of  motors  of  different 
types.  These  values  must  be  increased  by  2.5  per  cent. 
before  figuring  the  wire  sizes ;  this  provides  for  starting 
currents  and  overloads.  The  Underwriters  require  that 
wiring  be  designed  for  125  per  cent,  full-load  current  rat- 
ings and  the  fuses  shall  have  a  rating  not  higher  tlian 
the  listed  current  capacity'  of  the  wires  they  protect. 

For  plants  where  miscellaneously  scattered  points  are 
to  be  fed  it  is  often  advantageous  to  carry  most  of  the 
distribution  system  outside  where  it  is  more  accessiljle 
and  better  maintained.  Usually  the  wiring  is  rather 
heavy  in  character.  Circuits  may  be  carried  on  poles  oi 
on  brackets  attached  to  the  buildings;  the  former  prac- 
tice is  often  preferable,  but  more  expensive.  For  large 
cable  straddle-type  insulators  should  be  used.  The  prac- 
tice of  (lea  1-onding  through  strain  insulators  can  often 
be  advantageously  followed,  making  a  neat  and  substan- 
tial Job.  Circuits  should  lie  protected  by  lightning  ar- 
resters at  points  of  entering  buildings.  The  method  of 
entrance  depends  largely  upon  the  weight  of  wire  and 
type  of  construction;  Figs.  3,  4,  5  and  6  are  included 
by  way  of  suggestion. 

Supply  transformers  may  be  in  a  separate  fireproof 
building  or  they  may  be  mounted  on  poles.  Very  large 
transformers  are  best  installed  by  the  first  method;  the 
cases  should  then  be  grounded.     Transformers  mounted 


the  tension  of  the  seating  springs.  The  iiinvablo  heads 
are  made  to  fit  closely  into  the  piston  so  that  the  clear- 
ance is  eliminated. 

The  cylinder  barrel  is  completely  water-jacketed  except 
at  the  air-inlet  ports.  The  pump  is  of  the  "wet  air"  type, 
removing  both  air  and  condensate,  but  may  be  used  for 


Discharge 
chamber 


An'Aik  Pun  I'  without  Cle^us.vnce 

air  onlv  by  furnishing  a  slight  amount  of  sealing  water. 
It  is  adapted  to  either  the  crank-and-flywheel  construc- 
tion or  for  connection  to  direct-acting  steam  cylinders, 
with  which,  regardless  of  the  variable  stroke,  the  air  is 
completely  discharged  and  a  high  \  acuum  is  thereby  main- 
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tallied.  The  combined  eqiiipmeut — direct-acting  air  and 
condensate  pump  at  miu  end,  steam  cylinder  in  the  center 
and  direct-acting  circuhiting  pump  at  the  other  end — us- 
ually good  for  25  to  26  in.  of  vacuum — will,  with  the 
Christie  pump,  maintain  a  vacuum  of  28  in.  or  more.  In 
tests  at  the  shop,  guaranteed  performances  of  28  in.  with 
80-dcg.  \\'ater  are  easily  surpassed.  A  higher  vacuum  re- 
sult was  as  follows: 


Barometer   30.2  in.  mercury 

Vacuum    attainerl    29.4  in.  mercury 

Pressure  in  condenser   (abs.) O.S  In.  mercury 

Temperature    sealing    water    60.0  deg.  F. 

Pressure  corresponding  to  60  deg.  P 0.522 

Pressure  in  excess  of  that  of  vapor   0.278 

The  pressure  in  the  condenser  was  less  than  0.3  of  an 
inch  more  than  the  vapor  tension  due  to  the  temperature 
of  the  sealing  water,  showing  that  the  pump  maintains  a 
vacuum  nearly  the  theoretical  maximum. 
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SYXOFSIS — With  a  propcrhj  demjned  arch  and  a  re- 
stricted throat  openiny,  it  is  possible  to  secure  a  smoke- 
less setting  up  to  50  per  cent,  overload.  Minimum  head 
room  for  water-tube  boilers  of  different  tube  pitch 
equipped  ivith  different  types  of  stoker. 

Tlie  vertically  baffled  water-tube  boiler  setting  with  a 
chain  grate  requires  more  careful  study  than  the  hori- 


to  the  dampening  action  on  combustion  of  the  bank  of 
tuljes  over  which  the  flames  must  pass  if  the  flame  travel 
is  sliort. 

For  high  capacities,  100  per  cent,  overload  and  above, 
the  vertical  baffle  has  been  abandoned  entirely  on  account 
of  smoke  trouble,  and  some  type  of  the  previously  de- 
scribed tile-roof  furnace  substituted.  For  loads  up  to 
.50  per  cent,  above  rating,  a  nimiber  of  vertically  baffled 
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Znntally  baffled  setting.  Cases  have  been  known  where 
two  apparently  identical  settings  have  for  some  inex- 
plicable reason  .sliown  widely  different  results,  one  being 
a  success  and  the  other  a  failure.  Thore  seems  tn  be  less 
certainty  of  sniokclessness  with  the  vertical  baffle,  owing 

•Copyright.   1914.   by  Osborn   Monnett. 
t.Smoke  Inspector,  city  of  Chicago. 


settings  have  been  successful,  and  there  is  no  question 
but  tliat  they  will  givi:-  satisfaction  if  properly  designed. 
There  is  considerable  objection  to  the  chain  grale 
iiinong  many  engineers  on  the  grounds  of  ineiriciencj 
This  is  due  In  the  cbaracteristie  weakness  of  the  chain 
grate  in  allowing  air  to  enter  throngb  the  back  ])orfion 
of  tiie  gnite  and  around  under  the  water-back.    Improp- 
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erly  installed,,  the  chain  grate  is  wasteful.  Properly  in- 
stalled, it  can  be  made  efficient.  For  example,  take  Fig. 
1.  As  the  coal  passes  under  the  arch  and  ignition  occurs, 
the  volatile  matter  begins  to  distill  off.  Following  the 
lines  of  least  resistance,  it  iiows  along  the  under  side  of 
the  arch  and  passes  into  the  heating  surface,  as  sho^BTi 
bv  the  line  A-B.  At  the  same  time,  air  is  entering 
tlirough  tlie  back  end  of  the  grate  and  through  the  open- 


FiG.  2.     B.  &  W.  Boiler,  500  Hp.,  with  Laclede- 
Cheisty  Chain  Grate  and  Sprung  Arch 

Set    ITORIZOXTALLY 

ing  under  the  water-back,  and  passing  into  the  heating 
surface  along  the  line  C-D.  Thus,  if  the  volatile  matter, 
which  will  burn  if  supplied  with  air,  and  the  necessary 
air  to  burn  it  are  entering  the  furnace  at  points  so 
widely  separated  that  they  do  not  mix,  an  inefficient, 
smoky  setting  is  the  result  If  the  throat  of  the  furnace 
is  closed  up  to  30  in.  between  the  bridge-wall  and  the  end 
of  the  ignition  arch,  and  the  bridge-wall  is  brought  up 


Fig.  3.     High  Flat  Arch  with  Vertical  Bridge- 
"Wall  and  30-In.  Throat  Opening,  350-Hp.  Unit 

vertically  to  a  jwint  above  the  end  of  the  ignition  arch, 
the  air  entering  around  the  water-back  will  be  forced 
to  mingle  with  the  volatile  matter  in  a  zone  of  high  tem- 
perature This  will  produce  a  Bunsen  burner  effect,  re- 
sulting in  a  smokeless  furnace  and  high  economy.  The 
vertical  bridge-wall  has  a  beneficial  effect  not  onlv  on 


smoke,  but  on  the  capacity  to  burn  coal.  The  radiating 
effect  of  the  bridge-wall  helps  to  consume  the  incandes- 
cent carbon  on  the  grates  so  that  there  is  no  danger,  at 
any  reasonable  capacity,  of  live  coals  getting  into  the  ash- 
pit. The  most  economical  way  to  run  a  chain  grate  is 
to  have  the  grate  covered  and  so  adjusted  that  there  will 
be  a  small  amount  of  incandescent  matter,  mostly  red- 
hot  ashes,  falling  into  the  ashpit. 

One  of  the  valuable  points  to  be  brought  out  in  Fig.  2 
is  the  fact  that  it  is  not  necessary  to  install  a  chain  grate 
full  extension  with  a  vertically  baffled  boiler  to  get  a  sat- 
isfactory setting.  This  is  important  when  floor  space 
is  at  a  premium.  In  this  case,  the  extension  is  only  2  ft. 
Syo  in.  to  the  gate,  while  the  arch  is  7  ft.  long,  giving 
a  24-in.  throat  opening.  As  a  matter  of  fact,  having  the 
grate  to  some  extent  under  the  boiler  enables  the  designer 
to  locate  the  bridge-wall  at  a  more  favorable  point  with 
respect  to  the  first  baffle,  and  also  makes  it  possible  to 
get  a  better  bridge-wall  action  than  can  be  obtained  with 
a  full  extension  furnace.  The  throat  area  can  be  made 
small  enough  to  insure  that  the  volatile  matter  and  the 
air  from  the  rear  will  become  intimately  mixed  in  the 


Fig.  4.     Another  Typical  Flat-Arch  Installation 
with  Good  Bridge-Wall  Action,  300-Hp.    Unit 

zone  of  high  temperature.  In  this  particular  installation, 
the  throat  has  been  restricted  more  than  usual,  and  the 
reduction  in  area  has  reached  the  limits  of  economy. 

Another  type  of  arch  which  has  worked  out  well  is 
sliown  in  Fig.  3.  It  is  installed  under  a  350-hp.  Oil  City 
boiler,  equipped  with  an  Illinois  chain  grate  having  a 
flat  arch.  Inside  the  gate  there  is  a  12-in.  arch  set  13 
in.  above  the  level  of  the  grate.  Above  is  a  5-ft.  6-in. 
arch  set  34^4  in-  over  the  grate,  as  indicated.  The  effort 
here  has  been  made  to  provide  unusual  volume  in  the 
furnace  to  take  care  of  large  amounts  of  volatile  matter. 
The  bridge-wall  is  built  vertical  and  the  throat  opening  is 
30  in.  Fig.  4  shows  another  typical  setting  with  this 
type  of  arch,  which  is  good  for  50  per  cent,  overload. 

Minimum  Heights 

The  height  of  a  setting  is  generally  measured  from  the 
floor  to  the  bottom  of  the  front  header  by  engineers, 
architects  and  contractors,  who  invariably  want  to  know 
the  mininnnn  height  in  which  a  setting  will  make  good. 
For  this  reason,  it  has  become  necessary  to  fix  the  heights 
of  various  combinations  based  on  experience  with  sue- 
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restful  settiugs.     To  do  lliis.  a  sfamlard  set  of  conditions 
lias  beeu  assumed  as  follows: 

1.  AVater-back  to  ,be  set  5  It.  from  the  inside  of  the 
front  header. 

2.  The  flame  travel  to  be  measured  from  a  point  3  ft. 
in  front  of  the  water-back. 

3.  The  distance  from  tlie  latter  jioiiit  to  the  nearest 
heating  surface  to  be  a  minimum  of  7  ft. 

I'sing  the  above  conditions  as  a  standard,  the  set  of 
drawings  shown  in  Fig.  5  were  worked  out  for  different 
stokers  and  tube  pitches,  showing  the  height  from  the 
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rialiou  being  due  to  tlie  slight  dill'erence  in  lieight  of 
stokers  and  the  construction  of  the  friint  Jieader  in  dif- 
ferent boilers. 

1.  All  boilers  having  a  tube  pitch  of  31,4  in.  to  the 
foot,  10  ft.  under  the  front  header. 

2.  All  boUers  with  a  tube  pitch  less  tiian  :5i/4  in.  I0 
the  foot,  9  ft.  6  in.  under  the  front  header. 

All  t\-pes  of  arch  will  not  be  a  success  imder  the  above 
conditions.  The  best  ones  have  been  the  sprung  arch 
placed  horizontally,  and  the  high,  flat  arch  similar  to  that 
shown  in  Figs.  3  and  4.    The  step-up  arch  has  not  always 
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lloor  line  In  llie  bottom  of  the  first  tiiite.  The.se  heights 
re])reseiit  actual  minimum  conditions  under  which  8ati.s- 
factory  installations  may  be  expected,  up  to  .")il  per  cent, 
overload,  wlien  using  a  successrul  typo  r)f  arch  construc- 
tion, a  vertical  bridge-wall  and  a  30-in.  throat  opening. 

It  is  always  dcsiralile  to  give  dimensions  in  round 
numbers  if  possible,  and  in  such  shape  that  brii'k  masons 
can  work  to  them  conveniently.  From  the  data  given, 
two  general  rules  c-an  be  deduced  which  meet  approxi- 
mately the  standai'd  conditions  above  expressed,  any  va- 


worked  out  successfully,  as  it  gives  a  jioor  ibioni  ojiening 
and  bridge-wall  action,  and  tlie  single  incliiu'd  Ibit  arch 
is  still  a  doubtful  )u'oposition  with  these  minimum  dimen- 
sions on  vertiial  bailies.  Enough  ex])erience  lias  beeu  had 
with  the  two  types  first  named  to  know  that  they  will 
)nake  L'ood. 


Ovcrlinic  Work — The  enelneer  should  keep  his  woilf  well 
in  hand  so  th.Tt  overtime  work  tor  repairs,  etc.,  may  be 
avoldetl.  Such  work  is  usually  at  a  higher  rate  and,  being 
carried  on  after  hours,  is  frequently  poorly  done. 
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A  fuel-oil  engine  operating  on  the  two-stroke  cycle 
has  been  placed  on  the  market  by  the  Chicago  Pneiunatic 
Tool  Co..  of  Chicago,  111.  Primarily,  it  is  intended  for 
dri\"iag  air  compressors  for  portable  and  stationary  ser- 
vice, but  with  regulation  witliin  3  per  cent,  as  claimed,  it 
could  be  used  for  generator  driving  or  general  power  pur- 
poses. It  is  built  in  sizes  from  12  to  45  hp.  and  with 
twin  arrangement  these  capacities  are  doubled.  The  fuel 
may  be  of  any  grade  between  crude  oil  and  gasoline.  The 
absence  of  valves  and  gearing,  igniters,  spark  plugs,  etc., 
results  in  a  simple  engine  capable  of  withstanding  hard 
usage. 

The  engine,  wliich  is  shown  in  Fig.  1,  has  a  heavy  in- 
closed frame  and  in  accordance  with  the  latest  designs 
is  provided  with  a  crosshead.  The  front,  or  crank  end 
of  the  cylinder  is  inclosed,  with  a  stufiing-box  for  the 
piston  rod,  the  charge  of  air  for  the  combustion  chamber 
being  compressed  in  this  space.  This  air  is  admitted 
through  a  port  uncovered  by  the  piston  at  the  end  of 
the  out  stroke.  On  the  return  stroke,  it  is  compressed  to 
about  6  lb.  pressure,  and  when  the  port  to  the  combiis- 
tion  chamber  at  the  top  of  the  cylinder  is  uncovered  by 
the  piston,  it  rushes  into  the  cylinder,  pushing  the  ex- 
haust gases  through  the  port  shown  in  Fig.  2  at  the  bot- 
tom of  the  cylinder.     On  the  out  stroke  the  charge  of 
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Fig.  1.    "Giant"  Fuel-Oil  Engine 
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Fig.  2.     Section  theough  Engine 

fresh  air  in  the  combustion  chamber  is  compressed  to 
about  150  lb.  As  the  piston  reaches  the  end  of  the  stroke 
a  charge  of  oil  is  injected  in  a  fine  spray  onto  an  igni- 
tion plate  attached  to  the  piston  and  as  it  is  heated  dur- 
ing compression  and  by  previous  explosions,  this  plate 
gasifies  and  ignites  the  fuel.  A  hot  tube  is  provided  for 
starting. 

The    smaU    engines    may   be   started    by   hand,    but 


for  the  larger  sizes  a  small  vertical  single-acting  ai: 
compressor,  driven  from  a  pulley  bolted  to  the  flywheel, 
is  used.  The  compressor  delivers  ai»  at  150-lb.  pressui'e 
to  a  storage  receiver  which  is  of  svtfficient  volume  to  run 
the  engine  on  air  xmtil  firing  of  the  fuel  charge  begins, 
after  which  the  air  is  shut  off. 

A  plunger  pump  of  simple  construction.  Pig.  3,  sup- 
plies the  oil  to  the  engine  at  the  center  of  the  cylindeT 
head  through  the  spray  nozzle  shown  in  Fig.  4;  by  means 
of  screw  plugs  hoth  are  easily  accessible.    Eegulation  of 


Fig.  3.    Oil  Pump 


Fig.  4.     Oil  Sprat 
Nozzle 


Water  Inlet 


Fig.  5.    Watee  Eeg- 
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the  pimip  stroke  is  accomplished  by  a  cam  under  the  con- 
trol of  a  flj'ball  governor  belted  to  the  main  shaft.  The 
cam  rests  against  a  collar  on  the  pump  plunger,  its  po- 
.sition  determining  the  stroke  of  the  pump  and  conse- 
quently the  quantity  of  fuel  injected.  A  hand-oiDerated 
lever  also  acting  upon  the  phmger  is  provided  for  stop- 
ping the  engine.  The  working  stroke  of  the  pump  is  ef- 
fected by  an  eccentric  on  the  main  shaft  through  a  reach 
rod  coming  in  contact  with  the  end  of  the  plunger,  which 
is  returned  by  a  spring;  the  arrangement  is  shown  in 
Fig.  1. 

To  prevent  overheating  of  the  piston  head  and  the 
burning  of  the  lubricating  oil,  water  is  injected  into  the 
cylinder  to  mix  with  the  fuel.  Its  supply  is  in  proportion 
to  the  load  and  the  quantity  of  fuel  injected  is  controlled 
by  the  regulator  sho^vn  in  Fig.  5.  The  latter  is  also  at- 
tached to  the  governor. 

As  is  shown  in  Fig.  2,  the  combustion  chamber  and  the 
cylinder  head  are  water-jacketed.  A  sight-feed  oiler 
lubricates  the  cjdinder  and  in  the  crank  case  splash  lubri- 
cation is  employed.  Tlie  crank  is  coimter-balanced,  and 
as  far  as  the  crosshead,  the  construction  follows  closely 
steam-engine  design. 
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On  another  i^age  of  this  issue,  A.  L.  Case  replies  to  our 
editorial,  "What's  Wrong  in  Jersey,"  in  the  Oct.  6  issue. 
To  many  it  will  be  gratifying  to  be  assured  by  Mr.  Case 
that  Commissioner  Bryant  is  doing  all  he  can  to  complete 
the  organization  of  the  License  Bureau.  We,  too,  believe 
he  is  doing  all  he  can.  We  believed  it  when  we  published 
the  editorial  referred  to,  and  we  further  believe  that  the 
commissioner  has  tried  to  do  so  much  that  he  actually  got 
little  done.  The  commissioner  means  well,  but  he  is  try- 
ing to  please  too  many  people  and  the  old  fable  has  it  about 
right  on  the  probable  success  of  that  endeavor. 

We  also  think  it  was  well  for  the  commissioner  to  en- 
deavor to  secure  the  services  of  '"the  third  appointee," 
which  ilr.  Case  mentions.  This  man  has  successfully  con- 
ducted his  present  plant  for  many  years  and  has  had  ex- 
perience on  the  engineers'  license  board  in  his  own  city 
that  should  be  of  value  to  the  commissioner's  department. 
But  the  law  states  that  the  appointees  shall  be  approved 
by  the  civil-service  commission,  and  when  it  would  not  ap- 
prove of  this  one,  it  must  have  been  because  the  commis- 
sion's examiner  reported  that  he  did  not  pass  the  two 
examinations  given  him. 

Notwithstanding  this,  this  man  might  make  a  better 
examiner  than  those  who  will  eventually  be  approved. 
But  the  point  is  this:  Shoiild  the  enforcement- of  a  law 
that  the  engineers  of  New  Jersey  have  worked  for  twenty- 
seven  years  to  get  enacted  be  allowed  to  drag  along  for  so 
many  months  without  better  reasons  than  those  put 
forth  ?  We  do  not  tliink  so.  There  are  now  good  reasons 
to  believe  that  the  necessary  ai)pointments  will  soon  be 
made  and  that  the  bureau  will  begin  its  work.  This  is 
gratifying. 


Few  industrial  workers  today  need  to  be  urged  to  spe- 
cialize in  their  duties.  The  subdivision  of  labor  in  large 
orgaDizations  forces  many  a  man  endowed  with  intiative 
and  imagination  to  confine  his  working  activities  to 
pretty  narrow  areas.  The  power  plant  meets  this  prob- 
lem in  the  organization  of  its  operating  staff — how  should 
the  men  be  classified  and  their  responsibilities  assigned? 
With  the  clo.sc  figuring  practiced  in  many  big  installa- 
tions it  is  obvious  that  there  can  be  no  such  overlapping 
of  duties  as  is  often  found  in  smaller  plants;  little  con- 
nection appears  betwecji  the  activities  of  the  water  ten- 
ders and  those  of  the  switchboard  operators  so  far  as 
the  relations  of  the  men  are  concerned ;  and  the  extent 
of  supervision  provided  leaves  little  opportunity  for 
mutual  intercourse. 

The  exact  opposite  prevails  in  the  small  installation. 
The  engineer  may  not  shovel  coal  unless  in  a  great  emer- 
gency, but  the  variety  of  his  duties  and  the  interest  of  the 
boiler-room  force  in  what  goes  on  on  the  other  side  of 
the  fire  wall  are  usually  much  greater;  a  sort  of  inter- 


change goes  on  from  one  end  of  the  station  to  the  other, 
and  where  this  is  encouraged  by  the  chief  without  letting 
it  get  so  far  along  as  to  undermine  individual  respon- 
sibility, it  makes  for  highly  efficient  service.  Generally 
speaking,  the  smaller  stations  call  for  men  of  the  all- 
around  type;  but  this  by  no  means  indicates  that  their 
work  must  necessarily  be  superficial.  Which  of  these 
two  diametrically  opposed  methods  of  operation  is  the 
better  ? 

It  is  easy  to  answer  that  the  big  plant  is  the  place  for 
the  specialist  and  the  small  one  the  place  for  the  all- 
around  man,  but  that  is  not  sufficiently  conclusive  to  be 
helpful.  The  small  installation  cannot  afford  an  elabor- 
ate organization  anyway,  and  to  the  great  credit  of  the 
men  behind  the  throttle  and  the  shovel  in  himdreds  of 
such  plants  it  must  be  acknowledged  by  the  most  ardent 
advocates  of  extreme  specialization  that  a  great  organiza- 
tion does  not  in  itself  guarantee  the  highest  operating  ef- 
ficiency. The  personal  equation  is  the  chief  factor  in 
successful  service  everywhere.  The  real  answer  is  that 
a  combination  of  the  two  points  of  view  is  needed  to  se- 
cure the  best  results,  a  combination  that  is  unquestionably 
already  responsible  in  many  medium-sized  installations 
for  the  excellent  operating  records  obtained  in  them. 

All-around  individual  service  will  continue  to  be  de- 
manded in  the  small  station,  and  if  thorough  work,  team 
play  and  absorbing  interest  in  every  branch  of  operation 
are  cultivated  little  more  can  be  asked.  The  greatest 
danger  of  the  small  plant  is  that  the  multiplicity  of  tasks 
falling  upon  its  limited  staff  will  tempt  men  often  over- 
burdened to  superficial  performance.  Fortunately,  a 
genuine  professional  pride  exists  to  safeguard  the  oper- 
ating man  against  this,  and  within  the  limits  of  its  pos- 
sibilities, the  small  station  is  doing  remarkably  well  in 
innumerable  cases.  Its  operating  staff  may  not  be  known 
as  specialists  in  national  engineering  circles,  but  by  tak- 
ing an  interest  in  what  the  big  plants  are  doing,  by  com- 
paring notes  with  other  fellows  in  the  same  range  of 
outputs,  and  by  doing  each  little  job  as  well  as  it  could 
be  done  by  a  large  organization,  real  gains  will  l)e  re- 
corded. 

As  for  the  large  station,  its  specialists  may  delve  deep 
into  the  secrets  of  heat-unit  losses,  the  proper  adai)tation 
of  equipment  to  loads,  the  articulation  of  main  units  and 
auxiliaries,  etc.,  but  they  cannot  escape  the  necessity  of 
comprehensive  administration.  The  more  that  the  men 
in  every  such  .station  department  can  learn  about  the 
workings  of  other  branches  of  plant  service,  the  better. 
Let  the  man  whose  time  is  occupied  with  the  analysis  of 
coal  and  ashes,  water  and  lubricants,  gain  at  least  a  gen- 
eral knowledge  of  how  the  various  generating  units  are 
handled  on  the  floor.  Let  the  switchboard  operater  fa- 
miliarize himself  with  the  path  of  the  fuel  from  the  barge 
to  tlie  grate  and  let  the  boiler  room  shift*  be  given  an 
indicating  kilowatt  meter,  showing  the  instantaneous  out- 
put of  (lie  jdant  wherever  possible.  The  installation  of 
such  instruments  in  the  last  year  or  so  is  one  of  the  great- 
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est  steps  ever  taken  toward  coalescing  the  interests  of 
the  men  on  the  steam  and  the  electrical  ends  of  station 
service.  No  doubt,  responsibilities  nnist  be  pretty  rig- 
orously deiined  and  observed  in  plants  of  immense  size, 
but  no  printed  set  of  rules  is  ever  likely  to  cover  the  nec- 
essary procedure  in  every  possible  oiieratiug  emergency, 
and  the  broader  the  interest,  willingness  to  help  outside 
exact  hmits  and  appreciation  of  the  other  man's  point 
of  view,  the  better.  It  is  a  question  if  an  excessively  re- 
stricted organization  can  be  as  effective  in  power-plant 
service  as  in  the  past  has  been  believed,  and  an>i:luug  that 
can  be  done  to  encourage  men  to  look  over  the  edges  of 
their  own  little  grooves  aud  to  see  where  all  the  different 
channels  of  service  lead  is  to  be  commended. 


One  of  the  points  at  issue  between  the  Committee  on 
Uniform  Boiler  Specifications  of  the  American  Society  of 
Mechanical  Engineers  and  the  railways  is  whether  the 
legislation  which  the  committee  proposes  for  universal 
adoption  shall  accept  the  inspection  of  boilers  used  by 
the  railway  companies  b\-  tlieir  o^^^l  inspectors  in  lieu  of 
by  state  inspectors. 

In  Massachusetts  and  the  states  and  cities  based  on 
the  ilassachusetts  law,  the  inspectors  of  companies  do- 
ing boiler  insurance  must  be  approved  by  the  state  au- 
thorities, and  when  so  approved  become  pseudo  state  offi- 
cials, although  paid  by  the  insurance  companies.  They 
report  the  results  of  their  inspections  to  the  state  depart- 
ment as  well  as  to  their  own  companies  and  no  other  in- 
spection is  required. 

The  proposed  legislation  contemplates,  we  believe,  the 
inspection  Ijy  the  state  of  all  boilers  used  which  do  not 
come  imderthe  jurisdiction  of  the  Interstate  Commerce 
Commission.  In  this  way  all  railway  boilers  will  be  in- 
spected either  by  the  federal  or  the  state  authorities,  and 
this  applies  to  locomotive-crane,  pile-driver,  hoisting  and 
stationary'  boilers  as  well  as  to  those  of  regular  locomo- 
tives. 

Each  locomotive  boiler  has  to  be  inspected  at  frequent 
intervals  to  insure  uninterrupted  service  as  well  as  free- 
dom from  accidents.  The  railway  companies  employ  a 
corps  of  men  to  keep  up  these  inspections,  and  the  Inter- 
state Commerce  Commission  accepts  their  inspection  of 
boilers  used  in  interstate  service  when  it  is  unable,  by 
reason  of  the  army  of  inspectors  wliich  it  would  other- 
wise be  obliged  to  maintain,  to  have  them  inspected  by  its 
own  men.  The  contention  of  the  railroads  is  that  the 
state  should  similarly  accept  the  inspection  of  the  rail- 
road boilers  by  its  own  employees. 

There  is  a  principle  involved  here  quite  different  from 
that  in  the  case  of  the  insurance  company  inspector.  The 
boilers  would  be  inspected  by  men  who  depended  for 
favor,  advancement,  and  even  for  continued  employment 
upon  the  owners  of  the  boilers  they  were  inspecting. 

The  managements  of  some  railroads  would  be  broad 
enough  to  encourage  these  inspectors  to  expose  rather 
than  to  gloss  over  violations  of  aud  departures  from  the 
orders  of  the  Board  of  Boiler  Eules.  Other  companies 
than  railroads,  however,  would  be  as  well  entitled  to 
have  their  inspection  done  by  their  o-wti  employees. 

An  industry  with  a  large  number  of  boUers  could  sim- 
ply appoint  an  employee  as  the  official  boiler  inspector 


for  the  company  and  liis  status  with  regard  to  holding 
them  to  a  strict  compliance  with  the  law  would  be  quite 
different  from  that  of  a  state  or  insurance  inspector,  who 
could  insist  on  what  he  thought  necessary  without  preju- 
dice to  his  position.  If  a  company  with  a  large  niimber 
of  boilers  could  do  tliis,  one  with  a  small  number  could 
appoint  its  engineer  or  chief  fireman  its  official  inspector 
and  the  law  would  become  a  farce. 

Self-inspection  may  do  as  applied  to  locomotives,  l)ut 
danger  attends  its  too  broad  application. 

M'QSEaflcapsi.E  Sas,fet5^=FH2='stasina 

Portland,  Ore.,  has  stolen  a  march  on  all  the  other  cit- 
ies in  the  United  States.  It  has  the  first  Safety-Fir.'^t 
Commission,  the  chairman  of  which,  Harry  P.  Coffin, 
was  recently  appointed  by  Mayor  Albee.  For  a  new  thing 
it  starts  off  wonderfully  full  grown  and  complete,  for  it 
has  departmental  organization  and  the  selection  of  de- 
partment heads  shows  discrimination.  The  chief  of 
]M)lice  heads  the  Department  of  Safety ;  a  general  superin- 
tendent of  a  railroad  is  head  of  the  Department  of  Eail- 
road  Transportation ;  the  chief  claim  agent  of  the  local 
railway,  light  and  power  company  has  charge  of  the  De- 
l)artment  of  Electrical  Transportation;  the  superinten- 
dent of  schools,  the  Department  of  Schools — besides  which 
there  are  the  Department  of  Industries,  Department  of 
Eire  Prevention,  and  a  Traffic  Department,  over  which 
the  chairman  of  the  Commission  will  preside. 

Details  regarding  the  plans  of  campaign  in  the  various 
departments,  and  also  the  posters  and  warning  signs  that 
will  be  posted,  show  a  determination  to  make  the  Safety- 
First  mo\emcnt  count  in  that  vicinity.  If  it  accomplishes 
one  thing — and  that  is  expressed  in  one  of  the  slogans — 
it  will  be  worth  all  the  effort— ''Stop,  look,  think  !"  These 
three  admonitions  carried  out  in  the  order  indicated  would 
avert  a  very  large  proportion  of  the  accidents  we  read 
about  every  day.  In  fact,  it  is  claimed  tliat  98  per  cent,  of 
the   accidents   are   preventable. 

One  thing  we  are  sorry  they  omitted  in  the  organiza- 
tion proposed  for  Portland  is  a  Department  of  Boilers. 
We  earnestly  commend  it  to  Mayor  Albee  aud  Commis- 
sioner Coffin  as  worth  inclusion  in  the  splendid  system 
they  have.  It  is  a  good  token,  however,  when  a  city  in- 
terests itself  in  the  safety  of  its  inhabitants,  and  we  be- 
lieve that  if  Portland  has  not  already  got  engineers'  li- 
cense and  boiler-inspection  ordinances,  the  local  engi- 
neers would  find  the  present  administration  a  good  one  to 
help  them  to  get  such  laws. 

It  would  be  "bully"  if  someone  would  discover  some 
way  to  reduce  boiler  performances  under  different  con- 
ditions to  exact  figures  comparable  without  conjecture. 
;*; 

The  Edison  Electric  Illuminating  Co.,  of  Boston,  has 
bought  from  the  Metropolitan  Water  &  Sewerage  Board 
of  Massachusetts  the  total  output  of  a  hydro-electric  plant, 
to  be  built  bv  the  state  in  connection  with  the  Boston 
water-works  system.  The  output  of  about  three  million 
kilowatt-hours"  amuially  will  be  furnished  primarily  from 
the  discharge  from  a  reservoir  in  the  system.  Oil  the 
other  hand  the  Edison  company,  together  with  the  Boston 
Elevated  Railways  Co.,  will  supply  current  to  operate  the 
motor-driven  pumps  in  the  new  Boston  high-pressure 
pumping  station.    Sort  of  a  pass-it-along  affair. 
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Corresp©inideiniC( 


We  have  3  four-cyliuder  engines  of  the  four-stroke- 
ivele  type  running  on  producer  gas,  one  is  a  115-hp., 
connected  bj'  a  chitch  to  a  -iO-ton  ammonia  compressor, 
and  the  other,  a  100-hp.,  is  simikrly  connected  to  a  30- 
tou  ammonia  compressor  and  also  belted  to  a  30-kw.  gen- 
erator. I  came  on  watch  at  7  p.m.,  and  at  7  :30,  the 
crankshaft  on  the  100-hp.  engine  broke. 

There  was  a  30-ampere  load  on  the  macliine  at  the 
time.  Both  engines  were  running  on  the  ice  machines, 
which  had  a  Ijack  pressure  of  Ifi  lb.  and  a  head  pres- 
sure of  180  lb.  with  the  expansion  valve  almost  wide 
ojien.     Suddenly  the  helt  that  runs  the  generator  almost 

riL/ wheel  carrying 
belt  -to  generator 


Types  of  Ckaxksiiaft 

jumped  olf  and  there  was  an  unusual  noise  in  the  crank 
case.  I  shut  the  engine  down  and  found  that  the  crank- 
sliaft  was  broken.  WHien  we  removed  the  shaft,  which  is 
f!  in.  in  diameter,  we  found  nearly  all  the  babbitt  wiped 
out  of  bearings  Xo.  1  and  :!.  but  the  otlicr  three  were 
ill  good  condition.  T  should  like  to  have  opinions  ex- 
pressed as  to  what  caused  tlie  crankshaft  to  break. 

E.  ^r.  Merrill. 
Chicagc.  111. 

Some  years  ago  I  was  hurriedly  sent  to  a  nuuhiiie  sliop 
to  find  out  why  an  electric  motor,  the  main  drive  of  tlie 
.■-liop,  would  not  run. 

Upon  closing  the  main  switcli  the  pilot  lamp  burned 
lirightly,  so  I  proceeded  to  brilig  the  starting-box  lever 
over.  As  the  field  circuit  was  made,  the  lamp  dinnncd. 
going  entirely  out  when  the  .starting  resistance  had  I)een 
cut  out  of  tlie  armature  circuit.  This  performance  in- 
vited a  ready  deduction,  wliich  the  following  will  serve 
to  demonstrate : 

Kcferriiig  to  the  diagram,  let  A  represent  one  of  the 
leads  wliidi  has  j)ar1ed  in  the  manhole,  the  ends  being 
submerged  as  .shown:  ('  the  pilot  lamp;  D  the  motor 
field  and  E  the  armature.  Assuming  a  resistance  of 
20  ohms  through  the  fault,  and  witli  (he  starting-box 
lever  in  the;  off  position,  only  the  fault  and  tlu^  lamp 
would  be  in  the  circuit.  The  lamp,  l)eing  of  the  ordin- 
ary carbon  type  (llO-volt,  Ifl-cp. ).  would  require  about 
ene-lialf  an  ampere,  thereliy,  in  accordance  with  Ohm's 
law,  causing  a  10-volt  drop  at  the  fault  and  giving  at  the 
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pilot-lamp  terminals  115  —  10  =  105  volts  decrease 
from  the  normal  voltage  of  the  lamp  of  5  volts,  which 
would  not  be  very  noticeable  in  daylight. 

Neglecting  the  paralleling  of  the  motor  field  with  the 
lamp,  their  joint  conductivity  being  relatively  negligible 
when  the  motor  armature  is  paralleled  with  them,  we 
have,  assuming  an  armature  resistance  of  0.25  ohm, 
20  +  0.25  =  20.25  ohms  as  a  total  resistance.    This  re- 
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Di.iGRAM  Showing  Location  of  Fai'lt 

sistance,  assuming  a  line  voltage  of  115  volts,  would  al- 
low a  current  of  115  -^-  20.25  =  5.079  amperes. 

This  would  cause  a  drop  in  voltage  at  the  fault  of 
113.58  volts,  which  would  leave  of  the  115  volts  only 
115  —  113.58  =  1.42  volts,  at  the  motor  terminals. 

Aiios  J.  Carr. 

Fort  McKinley,  Maine. 


Someone  of  Power's  editorial  writers  must  be  verv 
unfortunate  in  the  company  he  keeps,  or  he  would  not 
have  written  that  editorial  "Attention  of  Firemen" 
(Sept.  15).  The  statement  that,  "Seldom  is  any  disposi- 
tion shown  l)y  the  men  in  the  fireroom  to  study  to  improve 
their  condition,"  is  rather  startling.  It  would  be  interest- 
ing to  learn  how  many  of  the  engineers  who  read  Power 
once  handled  the  coal  scoop.  Probably  the  percentage 
would  be  quite  large.  And  they  have  not  risen  without 
some  "study  to  improve  their  condition." 

There  comes  to  my  mind  a  man  working  in  a  fireroom 
twenty-fne  miles  from  Boston.  For  the  last  three  win- 
ters he  has  attended  an  evening  technical  school  in  that 
city,  making  the  trip  three  or  four  nights  a  week.  Other 
evenings,  Sundays  and  holidays  were  taken  uj)  by  study. 
This  may  be  an  extreme  case.  Not  many  men  in  any  walk 
of  life  have  "sand"  enough  for  that. 

Among  my  acquaintances  in  the  fireroom  arc  many 
men  who  little  resemble  the  picture  drawn  in  the  edi- 
torial. If  the  writer  ot  that  editorial  will  come  with  me, 
I  will  take  him  into  firerooms  all  day  long;  and  in  all  of 
them,  we  will  find  men  who  not  only  can  talk  about  evap- 
oration, but  who  actually  watch  the  log  sheet  with  interest- 
In  not  a  few,  we  will  talk  with  firemen  who  can  converse 
intelligently  about  the  relation  of  draft  to  thickness  of 
fire,  and  the  treatment  best  for  certain  grades  of  coiil. 
And  unless  said  writer  is  ex]iort  in  use  of  CO.  a])paratus 
and  iuter])retiition  of  the  records,  I  would  suggest  that  he 
refresh  up  a  liit  before  we  start,  for  we  shall  meet  men 
who  know  a  thing  or  two  about  combustion. 

Occasionallv,  one  finds  a  plant  where  tbc  liremen  "know 


614 


P  0  "W  E  E 


Vol.  40,  No.  ir 


little  and  care  less.""  In  such  cases,  the  most  likely  place 
to  look  for  the  cause  of  this  trouble  is  in  the  vicinity  of 
the  chief  engineer's  chair. 

Speaking  of  "Filling  up  tlie  furnace  clear  to  the  door," 
brings  to  mind  a  plant  of  which  I  once  took  charge. 
Tliat  was  the  plan  of  firing  there.  For  a  few  days  I 
wati'hed  those  men  stand  two  at  a  furnace  and  hea\e  coal 
until  it  poured  back  out  of  the  doors.  "UTien  I  ste]ipcd  in 
and  changed  things,  tliere  was  a  tickled  bunch  of  firemen 
in  that  plant.  They  had  been  doing  as  they  did  because 
they  had  been  made  to  do  so.  "It  was  killing  us,"  they  told 
me.    All  were  interested  in  the  resulting  economy. 

Here  are  some  of  the  things  that  a  chief  engineer  may 
do  to  help  the  firemen.  In  the  advertising  pages  of 
Power  he  wiU  find  instructive  illustrations  of  apparatus 
around  the  plant.  Get  a  lot  of  picture  frames  and  mount 
each  in  a  separate  frame,  adding  what  explanation  (type- 
written or  printed)  seems  necessary.  If  Power  does  not 
supply  the  required  help,  a  catalog  probalily  will.  If  not,  a 
blueprint  may  be  made. 

Go  out  into  the  fireroom  and  show  the  men  how  you 
wani;  the  work  done.  Tliis  will  interest  and  encourage 
them. 

Have  a  standard  wiiercver  you  can — a  standard  water 
level,  a  standard  method  of  cleaning  fires,  a  standard 
thickness  of  fire,  a  standard  method  of  coaling,  etc.  Things 
will  run  smoother  in  the  plant  if  you  do.  And  hold  the 
men  to  these  standards — not  so  rigidly  as  to  be  foolish, 
but  with  wise  firmness.  If  a  man  thinks  he  has  an  im- 
provement, encourage  him  to  come  and  talk  it  over.  If 
it  looks  good,  let  him  try  it ;  and  watch  the  trial.  If  it  does 
not,  tr\'  to  show  him  your  reason  for  refusal. 

Lastly,  remember  that  they  belong  to  the  same  division 
of  the  animal  kingdom  as  yourself. 

William  E.  Dixon. 

Cambridiije.  ^lass. 


Fig.  1  shows  the  drum,  the  cast-iron  disk,  and  the 
control  levers.     Fig.  2  is  the  cast-iron  disk. 

By  releasing  the  brake  and  clutch  and  pulling  up  on 
lever  A,  the  disk  is  pressed  against  the  engine  shaft  and 
tlie  flange  of  the  drum  (in  the  groove  shown  in  Fig.  2), 
and  causes  the  drum  to  rotate  in  the  unwinding  direc- 
tion. iJ  is  a  coil  spring  which  holds  the  lever  up  and 
keeps  the  disk  from  rubbing  tlie  engine  sliaft  or  flange 
when  not  in  use. 

J.    .1.    PiPEl!. 

Colorado  Springs,  Colo. 

^^ 

On  a  large  pump  the  stuffing-box  was  so  shallow  that  it 
would  hold  but  two  rings  of  packing  at  a  time.  As  they 
had  to  be  kept  tight,  they  scored  the  rods,  \\niile  making 
general  repairs  the  stuffing-box  was  turned  out  ^\  in. 
larger  in  diameter.  A  cast  cup  was  then  made  to  fit  in- 
side, and  3  in.  longer,  which  besides  reducing  the  size  of 
packing  required,  made  additional  room  for  two  more 
rings.  A  gasket  was  then  put  in  the  bottom  of  the  stuf- 
fing-box and  the  cup  placed  in  position  and  drawn  up 
tight  with  imts  on  the  gland  studs.  The  gland  was  then 
turned  down  and  tlie  job  was  complete  and  satisfactory. 

Louis  B.  Gael. 

Marsliflcld,  Wis. 
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We  have  just  read  the  article  by  E.  M.  Marsliall  on 
'■Sizes  of  Motors  Driving  Centrifugal  Pumps,"  which  ap- 
])eared  in  the  Sept.  15  issue.  Attention  is  called  to  trou- 
lilc  which  occurs  owing  to  disregard  of  pipe  friction  when 
figuring  total  head.     The  more  publicity  given  to  this 


"We  often  want  to  pay  out  rope  on  a  second-motion 
friction-clutch  haulage  system  having  nonreversing  en- 
gines. To  put  on  reversing  eccentrics  and  links  would 
be  quite  expensive  and  as  the  engine  has  to  run  at  a 
high  rate  of  speed,  they  would  be  objectionable  on  that 
score  also.  We  put  on  the  device  shown  and  can  now 
pay  out  rope  at  will  without  reversing  the  engine. 
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Fhiction  Di.sk  between  Drum  and  Engine  Shaft 


■^  Water  Level  at  Suction 


Fifi.  1.     JIeasvrements  for  Vertical  Vvy\v 

matter  the  better,  but  it  seems  that  the  anthnr  has  criti- 
cized the  pump  manufacturer  in  too  general  terms,  par- 
ticularly in  the  following  statement. 

"Manufacturers  sell  pumps  to  be  connected  to  certain 
ly]ies  of  motors  and  when  electrical  troubles  come  up,  they 
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are  glad  to  refer  them  to  the  maker  of  the  motor,  but  arc; 
little  interested  in  securing  and  tabulating  for  future 
use  the  nature  of  the  trouI>le  and  the  remedy." 

The  pump  manufacturer  is  often  called  upon  to  assume 
the  account  for  both  the  pump  and  the  motor,  and  we  be- 
lieve that  the  majority'  of  pump  manufacturers  pay 
jirompt  attention  to  complaints  in  regard  to  motors  driv- 


.Mr.  ^larshall  refers  particularly  to  the  greater  powei 
required  due  to  increase  of  head  caused  by  pipe  friction. 
We  would  point  out  that  the  question  of  speed  required 
for  this  greater  head  is  likewise  important  in  the  case  of 
a  centrifugal  pump. 


Seneca  Falls,  X.  Y. 


E.  C.  Wayne, 
Goulds  Mfg.  Co. 


M//77£>er  ana  nature 
of  bends 
discharge  ^ 
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ing  their  apparatus  an<l  that  the  motor  manufaiturcrs  in 
turn,  wlien  siich  complaints  arc  put  up  to  them,  are  only 
too  glad  to  investigate. 

The  various  motor  companies  do  a  largo  resale  bus- 
iness with  pump  l)uilders  and  naturally  have  to  give  good 
service.  One  i)articular  reason  why  the  motor  builders 
like  to  sell  their  apparatus  to  the  pump  i)uilders  is  that 
the  latter  usually  exert  great  care  in  seeing  that  the 
proper  motor  is  applied  for  the  conditiims  under  which 
tlie  ])ump  is  to  o])erate. 

It  is  our  ])raciice  to  have  the  purcliaser  till  out  the 
"Centrifugal  J'um|)  Data  Sheet."  herewith  shown,  befort- 

CKXTRIFUGAL,  PUMP  DATA   SlIICIOT 

Shop   Order  No 

I.      (.'a |..ar i t >•   of   iMimp U.    S.    nanotis    pit   minuti-. 

Charatter  of  fluid .salt,  fresh,  clean  or  dirty 


lari^i'st    pieces 


5.     Discharge  head ft.      (This  is  the  vertical  distance 

from  the  floor  level  of  the  pump  to  the  point  at  which  the 
water  is  disch:n-iced.) 

fi.     Suction    lift ft.      (This  is  the  vertical  distance 

from  the  floor  level  of  the  pump  down  to  the  level  of  water 
In   pit   from   which   It   Is  pumped.)      (.See  No.   7.) 

7.  .Suction    head ft.      (Sometimis    the    pump    is* 

placed   so   that  the   water   will   How    to   it  and   in   that  case   the 

RroKsure   ,it    the    inlet    to    the    pump   must    be    (riven.      Question 
o.  C  may  then  be  omitted.) 

8.  ijisrharKC    piiie   diameter lenKth 

!».      Number    of    bonds     in     ilischartie    pipe State 

Whether  elbowH  are  4ri  or  9(1  decrees and  of  lontc  or 

short     radius     

HI.     Suction    pipe    diameter length 

H.      Number  of   turns   in   suction    pipe State 

whither    elbows    are    4.'i    or    !tO    degrees and'  If    lon^ 

or  short   r.idius 

Slirncd    

Date Address      

WO  start  actual  eonstnu-tion.  jirovided  tlie  pump  \»  to  be 
(lirecfjy  connected  to  an  electric  motor.  This  enables  us 
to  carefully  elieck  the  total  jiead  against  ulii.  li  tli.'  muhh. 
is  to  operate. 


Sometimes  new  piston  rings  in  steam  and  gas  engines 
leak,  due  to  a  poor  fit  in  the  cylinder,  and  it  takes  a  long 
time  for  them  to  wear  to  a  tight  joint,  even  if  both  rings 
and  cylinder  are  ground  to  a  good  fit  when  cold. 

Figs.   1   and  2   show  two  methods  of  machining  the 


Section  D-E 

Poa'Ef  FIS.2 

Two  l-'oim.s  Suggested 

faces  of  rings  which  will  cause  them  to  adapt  themsehes 
to  the  cylinder  bore  in  a  very  short  time.  Eiugs  turned 
with  V-shai3ed  grooves  about  -jV  i'l-  wide,  si^aced  about 
Vs  ill.  ai)art,  as  in  Fig.  1,  or  made  slightly  concave,  as 
at  (i.  Fig.  2,  will  soon  wear  down  to  a  good  running  fit. 

:\r.  E.  grxffix. 

Franklin.  I'ciiii. 


In  re])ly  to  an  editorial  appearing  in  the  Oct.  fi  issue, 
1  wish  to  rectify  sonic  of  the  statements  made  regarding 
the  organization  of  the  Kngineers  and  Boiler  Operators' 
i>ici'n>c  iUnvau  in  .Xcw  .(crsey. 

lla\  ing  liccn  closely  coiun'rteil  with  this  matter  while  it 
was  before  the  state  legislature,  and  since  that  time,  par- 
ticularly during  the  ])ast  thret'  months,  1  wish  to  assure 
the  engineers  interested  that  the  Commissioner  of  Labor 
has  made  all  rea.souable  ell'ort  to  perfect  the-  organization 
of  this  Inireau.  There  is  no  question  of  truth  regarding 
bis  inability  to  do  so  during  tlie  first  year  ol'  the  existence 
of  this  law,  and  the  matter  was  taken  uji  by  liiiu  actixcly 
ininiedialely  following  the  apin-opriation  iiKicle  by  the  last 
legislature  for  this  pui'])ase. 

The  conditions  of  the  law  imposed  a  situation  wliieli 
has  been  found  dilficult  to  meet  satisfactorily.  These  are, 
tiiat  the  .salary  olVercd  ))y  the;  statu  for  this  work  was  no 
inducement  (o  flic  class  of  men  who  would  lie  desired 
by  the  department  lor  the  work,  thereby  elinii Mating  most 
(|iialilicil  men  fi'oni  even  a  desire  to  enter  tlie  Held,  and 
as  the  law  also  required  an  expei-ieiice  of  ten  yeai's  actual- 
ly in  ehargi-  of  a  steam  ])lant  of  2.")()  hp.,  or  more,  develo])- 
oped  another  jirocess  of  eliuiinalion,  so  that  in  the  final 
(letermiiialion  there  have  been  very  few  from  which  to 
'I  loose,  and.  in  addition  to  thes(;  difficulties,  the  Ci\il  Ser- 

•  ■  Comiiiission  has  seen  lit  to  adopt  a  rigid  evaiiiination 
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before  issuing  a  certificate  to  anyone  whom  the  Commis- 
sioner of  Labor  maj'  have  selected ;  and  if,  as  you  ex- 
press it,  there  is  a  deep  feeling  of  dissatisfaction  among 
tlie  engineers,  it  camiot  be  otherwise  than  their  lack  of 
knowledge  of  the  conditions  which  have  operated  to  pre- 
vent the  completion  of  this  Board,  and  any  charge  that 
the  Commissioner  of  Labor  has  played  politics  is  without 
jiist  foundation. 

The  facts  are  that  one  of  the  earlier  appointees  per- 
sonally eliminated  himself  from  the  Board  by  withdraw- 
ing his  name  from  the  appointment.  As  the  third  ap- 
pointee has  always  been  considered  one  of  the  best  engi- 
neers in  the  state,  was  so  considered  by  the  department, 
due  to  his  known  experience  and  business  ability,  it  was 
considered  but  justice  to  him,  and  to  the  best  interest 
of  the  department  that  extra  effort  be  made  to  secure 
his  acceptance  by  the  Civil  Service  Commission,  and  it 
has  only  been  during  the  present  week  that  this  matter 
has  been  finally  settled.  I  wish  to  assure  all  interested 
that  no  attempt  has  been  made  by  the  Commissioner 
or  anyone  else  to  railroad,  as  you  term  it,  anyone  either 
into  or  out  of  ofiice,  and  further  that  only  the  greatest 
care  and  investigation  have  been  used  by  this  department 
in  an  endeavor  to  appoint  competent  men. 

I  hope  all  interested  will  bear  patiently  with  tliis  de- 
partment until  it  can  be  finally  organized  and  accept  the 
work  of  the  Board  as  the  final  determination  of  the  hon- 
est effort  which  has  been  made  to  make  the  department 
a  working  success. 

A.  L.  Case.    • 

Trenton,  N.  J. 


The  editorial  with  the  above  title  in  the  issue  of  Sept. 
23  is  extremely  interesting,  and  the  subject  matter  of 
vital  importance.  Correct  buying  involves  a  multitude  of 
economic  and  engineering  considerations,  and  the  one 
"best  bu}^'  for  any  specific  condition  is  not  easily  found. 
Many  purchasing  agents  would  do  well  to  acquire  some 
engineering  knowledge,  and  it  seems  equally  true  that 
most  operating  engineers  sadly  need  grounding  in  the 
fundamentals  of  buying. 

It  is  pointed  out  that  the  man  higher  up  will  listen  to 
the  neat-appearing  salesman  with  forceful  arguments 
much  more  readily  than  to  the  operating  engineer  in 
greasy  overalls  and  a  mediocre  "line  of  talk."  True,  but 
the  overalls  need  not  be  any  hindrance.  A  man  in  a  ship- 
shape rig,  with  a  clean  shave,  a  clear,  steady  eye  and  a 
carefully  garnered  supply  of  specific  detailed  information 
can  easilj'  convince  the  purchasing  agent  of  just  what 
his  plant  requires  long  before  the  salesman  has  regis- 
tered at  the  local  hotel. 

Li  ^^siting  the  man  behind  "the  door  marked  private," 
do  not  forget  jout  economics.  It  is  a  poor  argument  to 
dwell  on  the  fact  that  the  equipment  you  are  recommend- 
ing will  pay  for  its£lf  in  two  years  or  so.  The  same 
money,  if  invested  in  another  department,  might  double 
itself  in  half  the  time.  The  man  you  are  talking  to  is 
there  to  invest  to  the  best  possible  advantage,  and  you 
must  get  his  viewpoint  to  succeed.  Have  figures  all  worked 
out,  and  do  not  forget  such  fundamentals  as  interest  on 
tlie  investment,  depreciation  and  all  burden  charges.  In 
fact,  try-  and  imagine  yourself  in  the  owner's  shoes,  try 


and  look  next  Saturday's  payroll  between  the  eyes,  the  lean 
sales  for  last  month,  the  show-me-or-get-out  board  of  di- 
rectors, and  then,  ask  yourself  if  the  proposed  expendi- 
ture is  absolutely  necessary. 

Before  making  the  visit  to  the  front  office,  put  your 
proposition  down  in  writing.  You  are  going  to  ask  an- 
other man  to  spend  his  money.  It  is  a  serious  business. 
Make  sure  in  your  own  mind  that  you  know  what  you 
want  to  say  and  how  to  say  it.  Arrange  your  arugments 
in  logical  sequence;  talk  dollars  and  cents  first,  and 
technical  "reasons  why"  only  if  necessary,  and  not  to  dis- 
play your  vast  engineering  knowledge.  "VMien  the  boss 
tliinks  in  terms  of  the  balance  at  the  bank,  it  is  well  to 
forget  the  back  pressure  resulting  from  B.t.u.  lingering 
somewhere  between  the  exhaust  ports,  and  the  condenser. 
Observing  all  the  foregoing  suggestions,  take  up  again 
the  matter  of  economy,  and  see  if  you  cannot  save  your 
salary  by  installing  the  right  apparatus  for  reclaiming 
unnecessary  waste. 

E.    HUEST. 

Montour  Falls,  N.  Y. 


J®ft   CoEadeiraseiPS 

The  question  is  often  asked,  "Why  is  the  duplex  pump 
not  more  frequently  used  in  connection  with  jet-con- 
densing apparatus?"  It  is  frequently  used  as  a  circulat- 
ing pump  with  surface  or  barometric  condensers,  but  with 
jet  types,  where  it  removes  the  air  as  well  as  the  condens- 
ing water,  it  cannot  be  used  with  any  degree  of  satisfac- 
tion. This  is  because  the  steam  valves  are  operated  from 
the  opposite  side,  consequently  if  one  side  should  become 
air-bound,  the  work  of  this  cylinder  being  less,  it  would 
operate  too  quickly  and  by  so  doing  would  shift  the  valve 
of  the  other  cylinder  in  the  same  manner,  causing  a 
very  intermittent  action.  This,  however,  only  occurs 
when  there  is  a  considerable  quantity  of  air  present. 

Joiix   F.   Hurst. 

Louisville,  Ky. 


Fsitclhainig  BonSers 

I  have  just  noticed  the  letter  by  Dale  S.  Miles  on  p. 
355,  Sept.  8,  under  the  above  caption.  It  is,  of  course, 
possible  to  derive  a  rule  for  the  efficiency  of  a  diagonal 
joint  that  will  hold  for  extreme  cases  as  well  as  for  those 
encountered  in  practice,  but  such  a  rule  involves  the  use 
of  trigonometry  and  is  therefore  not  as  convenient  as  that 
given  by  Mr.  Mason  in  Ms  book,  "The  Arithmetic  of  the 
Steam  Boiler." 

Any  slight  inaccuracy  due  to  the  use  of  the  rule  in 
question,  for  practical  boiler  work,  will  be  found  to  be 
less  than  that  of  some  other  factors,  such  as  measurement, 
calculation  and  workmanship.  Hence  the  slight  differ- 
ence in  resiilts  by  using  this  rule  may  be  overlooked. 

It  is  a  fact  that  many  practical  rules  in  engineering 
do  not  give  absolutely  correct  results  or  do  not  hold  in 
extreme  cases,  v'et  these  rules  should  not  be  condemned 
on  that  account. 

W.  G.  Hawlet. 

Scrauton,  Penn. 
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Placins  Globe  Valve  on  Feed  Pipe — When  a  globe  valve  is 
used  on  a  boiler  feed  pipe  on  which  side  of  the  valve  disk 
should  the  inlet  be? 

E.   J.   M. 

The  inlet  should  be  under  the  disk  of  the  valve,  i.e.,  tend- 
ing to  open  the  valve,  otherwise  should  the  disk  become  de- 
tached, it  would  obstruct  the  passage  of  feed  water  to  the 
boiler  by  acting  like  a  reversed  check  valve. 


Standard  Cubic  Foot  of  Gas — What  is  meant  by  a  standard 
cubic  foot  of  gas? 

G.  L.   C. 

A  cubic  foot  of  gas  taken  under  standard  conditions  of 
temperature  and  pressure,  i.e.,  at  a  pressure  of  29.92  in.  of 
mercury  and  32  deg.  F.  or  the  equivalent,  viz.:  at  a  pressure 
of  30  in.  of  mercury  and  62  deg.  F.,  these  pressures  at  the 
corresponding  temperatures  being  equivalent  to  14.7  lb.  per 
square   inch. 


Flash,  Burning:  and  Chill  Points  of  Oil — How  are  the  flash, 
burning  and  chill  points  of  an  oil  determined? 

L.    F. 

The  flash  point  is  found  by  placing  the  bulb  of  a  thermom- 
eter in  a  porcelain  dish  filled  with  the  oil  to  be  tested,  then 
heating  the  oil  over  a  Bunsen  burner  and  noting  the  temper- 
ature at  which  a  flash  is  obtained  from  passing  a  lighted  taper 
over  the  surface  of  the  oil.  The  "burning  point"  is  found  b.v 
carrying  the  heating  to  a  temperature  at  which  the  flash 
causes  the  oil  to  burn.  The  "chill  point"  is  found  by  first 
chilling  a  small  quantity  of  the  oil  in  a  test  tube  surrounded 
by  a  freezing  mi.xture  until  the  oil  congeals,  then  stirring  the 
congealed  oil  with  a  thermometer  and  noting  the  temperature 
when  the  oil  has  warmed  sufficiently  to  be  flowed  from  one 
end  of  the  test  tube  to  the  other. 


Stayed  -irea  of  Boiler  Head — What  is  the  rule  for  finding 
the  area  of  that  portion  of  a  return-tutiular  boiler  head 
which  should  be  stayed? 

F.  W.  A. 
The   area  which   requires   staying   is  a   circular   segment   3 
in.  inside  of  the  shell  and  2  in.  from  the  tubes.     The  formula 
for  finding  the   area  of  such  a  segment   is: 
4H'      TR 
ATT- 
In  which 

A  —  Area  of  segment  in  square   inches; 

H  =  Distance  in   inches  from   the  tubes  to   the   top  of  the 

shell,  minus  5  in.; 
R  =  Radius  of  boiler  in  inches,  minus  3  in. 


A  = 


0.60S 


.Mean  F^fTeotlve  PreHMnre  with  V4  Cutoff — With  initial  pres- 
sure at  100-lb.  gage,  cutoff  at  Vt  of  the  stroke,  cylinder  clear- 
ance 5  per  cent.,  and  average  back  pressure  4  lb.  above  at- 
mosphere, what  mean  effective  pressure  would   be  realized? 

J.   G.   W. 
The  formula  generally  employed  for  determining  the  aver- 
age  forward   pressure   per   pound   of   absolute   initial   pressure 
is  that  for  Isothermal  expansion,  viz: 

Pn,   =    {1   -I-  logj    R)    (f  -I-  c)  —  c. 
In   which 

P„,  =  Mean   forward   pressure  per  pound  of  Initial   ab- 
solute  pressure; 
logg  R  =  Hypi-rbolic  logarithm  of  the  ratio  of  expansion; 
f  =  Per  cent,  of  stroke  complete  at  cutoff; 
c  =  Per  cent,  of  clearance. 
Jluitlplylng   the   mean   forward   pressure   per   pound    of   Initial 
absolute  by  the  actual  Initial  gives  the  average  forward  pres- 
sure, and  deducting  the  average  back  pressure  gives  the  m.e.p. 
Instead    of   computing    the    average    forward    pressure    per 
pound  It  Is  usually  taken  from  tables  such  as  those  In  I..ow'3 
"Steam   Engine   Indicator,"   pages  115   and   116.      For    "4    cutoff 
and  5  per  cent,  clearance  the   tables   give  P„,    =    0.6258.     The 
Initial    pressure    being    100    -f-    14.7    =    114.7    lb.    absolute,    the 
average  forward   pressure  would  be 

0.6258   X   114.7  =   71.78  lb.  absolute, 
and  the  average  back  pressure  being 

4    +    14.7    =    18.7   lb.   absolute, 
then 

71.78  —  18.7   =   53.08  lb  m.e.p. 


Delivery  per  Revolution  of  a  Duplex  Pump — Allowing  5 
per  cent,  slippage,  how  many  gallons  of  water  would  be 
delivered  per  revolution  by  a  duplex  pump  having  water  cyl- 
inders 14  in.  in  diameter  by  16  in.  stroke  and  piston  rods  2Vs 
in.   in   diameter? 

F.  G. 
Each  piston  14  in.  in  diameter  would  have  an  area  of 
14    X    14    X    0.7S54    =    153.94  sq.in., 
and  for  one  stroke  in  the  head  end  of  eaci   cylinder  the  pis- 
ton displacement  would  be 

153.94    X    16    =    2463.04  cu.in. 
With  piston  rods   2%   in.   in  diameter  the  cross-sectional  area 
of  each  rod  would  be 

2%    X    2%    X    0.7854    =    4.91   sq.in.. 
and  the  net  area  of  the  rod  side  of  each  piston  would  be 

153.94  —  4.91   —   149.03  sq.in., 
hence  for  one  stroke  in  the  rod  end  of  each  cylinder  the  piston 
displacement   would   be 

149.03    X    16   =:   2384.48  cu.in. 
Therefore  the  piston  displacement  per   revolution  in   one   cyl- 
inder would  be 

2463.04    -I-   2384.48    =   4847.52  cu.in., 
and  for  both  cylinders  it  would  be  twice  as  much,   i.e.,   9695.04 
cu.in.,  or  a  total  piston  displacement  per   revolution  of 
9695.04 

=    41.97   gal.   per   rev. 

231 
With    5   per  cent,   slippage   there   would   be   an   actual   delivery 
of  41.97    X    (1  —  0.05)    =   39.87  gal.  per  rev. 


Steam  Consumption  from  Indicator  Diaeram — What  is  the 
formula  for  computing  the  steam  consumption  of  a  simple 
engine   from  the    indicator   diagram? 

W.   S.  K. 

The  formula  is: 


Steam  Coxsumptiox  fuom  Ixdicator  Diagram 

where 

c  =  Clearance  in  fraction  of  the  stroke; 
F  —  Fraction  of  stroke  completed  at  a,  point  chosen   on 
the  expansion   line   (which   point  should   be   like 
Pi,  near  the  point  of  cutoff,  where  a  would  repre- 
sent the  fraction  of  stroke;  or  Pa  near  the  point 
of  release,  where  b  would  represent  the  fraction, 
of  stroke)  ; 
X  =  Fraction   of  stroke  uncompleted  at  a  point  like   p.i 
chosen  on  the  compression  line; 
Wf  =  Weight   per   cu.ft.    of   steam   at   pressure   shown    on 
the  expansion  line  at  the  fraction  a  or  b  of  the 
stroke: 
Wx  =  Weight  per  cu.ft.  of  steam  at  the  pressure  of  com- 
pression shown   on   the  compression  »lno  at   the 
uncompleted  fraction  of  stroke  x; 
Q  =  Steam   accounted    for   per   hp.   per    hour. 
The    result    will    always    be    less    than    the    usual    amount    of 
steam  supplied  to  the  engine,   because  a  conslderablo  propor- 
tion of  such  steam  is  condensed  upon  Its  entrance  to  the  cyl- 
inder, and  Is  not  reijvaporated  until  after  the  valve  opens  for 
exhaust,  so  that  It  does  not  show  at  all  on  the  diagram. 


[Correspondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  offlce  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations an<l  for  the  Inquiries  to  receive  attention. — EDITOR.] 
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PowKi!    I'oii    DinviMi    .Maliiixi;i!Y 

After  having  made  a  general  study  of  the  conditionj 
to  be  met,  and  having  prepared  an  outline  of  the  meth- 
od.s  to  be  followed,  as  given  in  the  previous  article,  the 
next  step  is  to  find  the  capacity  of  engine  and  generator 
lor  driving  tlie  machinery  of  the  plant.  In  the  machine 
'^op  there  is  a  total  of  250  hp.  to  be  supplied  to  the 
machines,  when  all  are  riuming  at  one  time.  Of  this. 
150  hp.  IS  to  be  furnished  by  two  motors  belted  to  the 
line  shafting.  In  cases  of  this  kind  it  is  customary  to 
Essimie  that  the  friction  of  the  main  shafting  and  va- 
rious countershafts  makes  up  abo'^t  30  per  cent,  of  the 
iota.  load.     Therefore,  in  the  present  case, 

150  ^  O.i  =  214  hp. 
must  be  delivered  to  the  line  shafting  by  the  two  motors. 
Assuming  an  efficiency  of  i)0  per  cent,  for  these  at  full 
load 

214  -^  0.9  =  238  hp. 
of  electrical  energy-  must  be  delivered  to  these  motors. 

In  addition  to  the  above,  100  hp.  of  mechanical  energy 
is  to  be  delivered  to  individual  machines  by  direct-con- 
nected motors.  The  eflBcieiuy  of  small  motors  working 
under  these  conditions  will  not  average  much  more 
than  60  per  cent.,  .'jo  that 

100  -f-  O.fi  =  Ifir  hp. 
Duist  be  provided  for  this  ])art  of  the  work.     This  makes 
a  total  of 

238  +  lOr  =  405  hp. 
of  electrical  energy  to  be  supplied  to  the  building  when 
all  of  the  machinery  is  in  operation. 

Taking  iip  the  other  buildings  to  whicli  power  is  tn 
be  supplied  in  like  manner,  the  following  is  obtained: 
In  the  foundry,  15  hp.  delivered  by  line  shafting  calls 
for 


:i   +  1^ 


15 


—  =  24  hp. 


and   15  li]>.   by  direit-ilrivcn  motor  calls  for 

15 

(I  C 

making  a  total  n! 


Jo  hp. 


24   +   25    =    49   hp. 
<if  electrical  energy  to  be  delivered  to  the  building. 

In   the  forge  shop   15   hp.   delivered  by   line  shafting 
calls  for 


15 


24  hp. 


0.7  X  0.9 
111(1   10  hp.  for  direct-drive  motors,  require.- 


0 .  li    •  -' 


for  the 

mildinsr. 

In   till 

pattern   sli 

.).  20  hi 

.alls   lor 

20 

0 

7  X  0.9 

In  tht 

carpenter 

-^ho],   5   ] 

ing  calls 

for 

0 

inwk-ing  a  total  of 


=   41   hp. 

.  delivered  by  line  shafting 

=  32  h}}. 

ip.   delivered  by  line  shaft- 


0.7  X  0.8       '•  ^'^^- 
The  total   power   required   for   the   plant  with   all   ma- 
cliinerj-  in  operation    (exclusive  of  ventilating  fans  and 
electric  purnps)   is 

■±05"+  49  4-  41  +  32  +  9  =  536  hp. 

Under  actual  working  conditions  only  a  part  of  the 
machines  will  be  running  at  one  time,  and  it  is  usually 
considered  ample  to  provide  75  per  cent,  of  the  power 
as  computed  above,  which  in  the  present  case,  is 
536  X  0.75  =  402  hp. 

To  determine  the  total  ])ower  load  it  will  be  necessary 
to  estimate  the  power  required  for  operating  the  va- 
rious ventilating  fans  and  for  pumping  the  water  from 
tlie  river  to  the  reservoir  in  the  yard.  These  compu- 
tations will  be  made  accurately  later  on,  when  this  part 
of  the  eqtiipment  is  designed,  but  for  present  purpo.ses 
an  approximation  of  the  power  required  for  this  work 
will  be  suffifiently  accurate.  Foitr  changes  of  air  per 
hour  ill  the  machine  shop,  pattern  shop  and  toolroom, 
and  six  changes  in  offices  and  drafting  room  will  call 
I'or  the  delivery  of  approximately  6.340,000  cu.ft.  of  air 
])er  hour  by  the  fans,  while  the  conditions  of  ventilation 
called  for  in  the  foundry  and  forge  shop  will  require 
the  moving  of  about  1,600,000  cu.ft.  more,  or  a  total 
of 

6.;!40.0ii(i  4-  I.CdO.fKKi 

=  132,333  cu.ft.   ver  inui. 

GO  ■       ^ 

Under  the  conditions  found  in  this  ilass  of  work  it  will 
require  approximately  1  h]i.  delivered  at  the  fans  for 
each  1700  cu.ft.  of  air  moved  per  min.,  or  in  the  present 
case 

132.333  -^  1700  =  7  7.8  =   78  /,/). 
Assuining  motor  efficiencies  of  85  per  cent.     This  part 
of  the  work  will  call  for 

78  -H  0.85  =   92  hp. 
or  for  a  round  number,  say  90  lip. 

The  arrangement  proposed  in  regard  to  the  division 
of  jiower,  and  for  condensing,  is  as  follows:  The  main 
engine  is  to  be  of  sufficient  .size  to  drive  the  machinery, 
iii'iuding  ventilating  fans  and  electric  pitmp.  It  is  to  J 
be  run  noncondensing  during  the  winter  and  the  ex-j 
liaust  utilized  in  the  heating  sy.stem.  In  the  summer,;' 
when  the  exhaust  would  be  wasted,  the  engine  is  to  be. 
iun  condensing  to  secure  greater  economy  in  .steamT 
consumption.  If  comijutations  show  the  exhaitst  fronij 
the  2;)ower  engine  to  be  sirfficient  for  heating  purposes,! 
tlien  the  condensing  apparatus  may  be  used   in  connec-; 
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tion  with  the  liirliting  engines  dviring  the  Iieating  sea- 
son, at  which  time  the  lighting  requirements  will  be  at 
a  maximum. 

If,  however,  the  e.xhaust  from  the  jjower  engine  is  not 
ample  for  heating  purposes,  then  sufficient  exhaust  from 
the  lighting  engines  maj'  be  used  to  make  up  the  defici- 
ency while  they  are  in  \ise. 

During  the  nonheating  season,  the  power  engine  will 
be  run  condensing.  As  the  nonheating  and  nonlighting 
seasons  practically  coincide,  the  lighting  engines  will 
not  be  used  to  any  extent  during  the  summer,  except 
on  cloudy  days  and  to  furnish  lights  at  a  few  special 
machines.  This  leaves  the  condensing  apparatus  free 
I'or  independent  use  by  the  power  engine.  There  may  be 
a  short  time  in  spring  and  fall  when  the  lighting  en- 
gines will  be  used  with  the  heating  plant  shut  down, 
liut  with  compound  engines  having  a  good  steam  econ- 
omy, it  would  hardly  be  worth  while  to  provide  conden-  • 
sing  equii^ment  for  use  during  these  short  periods.  The 
best  arrangement  would  i^robably  be  to  furnish  a  con- 
denser of  sufficient  capacity  for  the  power  engine.  Then 
run  this  engine  condensing  during  such  part  of  the  year 
as  the  increased  economy  was  found  to  exceed  that  due 
to  utilizing  e.xhaust  in  the  heating  system.  For  the  re- 
mainder of  the  year,  the  power  engine  would  be  run 
uoncondensing,  and  the  condenser  woiild  be  available 
for  one  or  more  of  the  lighting  engines  whenevar  it  was 
found  advisable  to  use  it. 

As  the  weight  of  condensing  water  required  is  from 
;!0  to  3.5  times  that  of  the  steam  condensed,  it  is  evi- 
dent that  a  supply  computed  on  this  basis  will  be  ample 
for  all  purposes  at  any  time  of  the  year.  For  example, 
during  the  winter,  with  the  exhaust  used  in  the  licating 
.system  and  the  condensation  returned  to  the  boiler.s, 
there  will  be  a  comparatively  small  amount  of  "make- 
up" water  required,  and  if  part,  or  even  all,  of  the  light- 
ing engines  are  run  condensing,  the  water  requirements 
"ill  probably  not  exceed  those  for  which  tlie  ])lant  is 
-idarly  designed.  If,  however,  a  larger  quantity 
'uld  be  required  temporarily,  the  surplus  stored  in 
liic  reserxoir  nuiy  be  drawn  u]ion  to  make  u|)  the  de- 
lii  icncy. 

In  the  summer,  with  the  power  engine  running  con- 
''  using,   the   maxinnnn    quantity   of   water   will    be    re- 
red,  but  at  this  time  the  boilers  may  be  fed  from  the 
•ling  water  after  it  has  lieen  used  in  the  condenser, 
that  no  extra  amount  will   be  required  for  this  juir- 
Jt   will,   therefore,    be   seen    from   the   above   that 
-.1    \vater-sup])ly   bascci   on    that   necessary   for  condensing 
in  the  summer  tinx-  Mill  be  ample  for  all  ])urpo.ses. 

•Sizi:  OK  M  vi\    lv\i;iN  i; 

The  cicitrical  energy  to  !"■  dclivcicd  to  the  motors 
III  the  different  buildings  was  found  to  l>c 

402  +  90  =    l!»2  h/i. 
Taking  the  transmission  or  line  lo.ss  as  ."j  |)cr  cent.,  the 
cfliciencies  of  generator  and  engine  as  90  ])(.t  cent.  each. 
the  indicated  horsepower  of  engine  must  lie 
492 


0.95  X  0.9  X  0.9 


(;40 


lii'lore  computing  the  water  required  I'or  condensing 
W'c  must  assume  the  power  required  for  |Mnnping  this 
iinioiint    from    the    river    to    the    rcserxcjir,    ami    make    a 


trial  computation.     Taking  this  as  ;iO  i.hp.  at  the  nuiin 
engine,   it   will  call   for  a  total  of 

(UO  +  ;50  =  070  i.lip. 
A    com])ound    condensing    engine    of    the    moderate- 
speed  four-valve  type  will  require  approximately   18  lb. 
of  steam  per  indicated  horsepower  per  hour,  or 

18   X    3.5   =   030  11). 
of  condensing  wafer.  Fm-  the  above  euijine  this  amounts 
to 

670  X  C30 

^ =  i(J3o  to.  per  mm. 

il    fill-  puni]iing  water  is 


The  theoretical   ]iowcr  rcqnir 
given  by  the  formula  : 

horsepower  = 


IF  X  // 
33,000 


in  which  11'  equals  the  weight  of  water  pumped  per  min- 
ute and  H  the  height  to  which  it  is  raised,  including 
the  friction  head.  Applying  this  to  the  present  case, 
assuming  the  friction  head  to  amount  to  5  ft.,  gives 

,  7035  X  (oO  +  5) 

Jiorsenoirer  = ,  -^        — '  =1.7 

'  33,0()() 

or  practically  12  hp.  Assuming  a  line  lo.ss  of  5  per 
cent.,  pump  efficiency  65  per  cent.,  motor  efficiency  8-5 
per  cent.,  and  generator  and  engine  efficiencies  of  90  per 
cent,  each,  as  before,  the  indicated  horsepower  to  be  pro- 
\ided  in  the  main  engine  for  this  pur])ose  will  be 

0.95  xlj7fJ5  X  0.85  X  oT9~X  (XT)  ~  ^^ 
which   comes   within    the   limit   as.sumed. 

Having  found  the  required  jjower  of  the  engine,  the 
ne.xt  step  is  to  decide  upon  the  type  and  general  dimen- 
sions. As  it  operates  under  )>ractically  uniform  con- 
ditions the  year  arouiul,  and  is  of  large  power,  the 
steam  economy  is  important.  Taking  everything  into 
consideration  without  going  too  much  into  detail,  it 
would  seem  that  a  cross-compouml  engine  of  the  med- 
ium-s])eed  four-valve  type  would  l)e  well  adapted  to  the 
])resent  case.  Ample  room  for  an  engine  of  this  type 
is  easily  provided,  the  power  hou.se  lieing  new,  ami  it 
may  l)e  direct-connected  to  the  generator,  which  is  a 
mechanical  feature  of  considerable  imjiortance.  As  ))re- 
\ioiisly  .stated,  it  will  be  advisable  to  run  noncondensing 
for  a  considerable  portion  of  the  heating  season  ti)  uti- 
lize the  e.xhan.st  steam,  but  the  engine  should  l)e  pro- 
vided with  a  conden.ser  for  summer  ti.se.  Engines  of 
this  type  and  power  will  vary  .somewhat  with  the  make, 
'i'lie  following,  taken  from  the  catalog  of  a  standard 
<(inipany  of  engine  Imilders,  gives  data  for  an  engine  of 
ajiproxinuitely  this  jiower  operated  noncondensing 
under  a  steam  pressure  of  30  lli. 

liiameter   lii^h-prcHSure   cylinder,   in 21 

I>ianiotcr  low-pressure  cylinder,   in 3s 


Up  in. 


sp.ice,   direct-connected   type,    ft :;(  X21 

l''or  ])ower  work  whei-e  moderate-  and  variable-.speed 
motors  are  desirable,  direct  current  is  required,  and  in 
this  case  a  generator  furnishing  a  current  of  this  kind 
at  -.'.50  volts  will  !)<•  used.     As 

(i70   X    (0.!>   X   0.9)    =   .513  hi>. 

;-trical    elli'rirv   are   lo    be   drfncr.Ml    In     11,,.    I, ,:,,•!, ,,,,.- 


of 

its    lating   shoid 


.513  X  7  Hi 


630 


POWER 


Vol.  40,  No.  17 


or  450  lew.  to  be  on  the  safe  side.  B_y  making  the  ca- 
pacity this  much  larger  than  called  for,  it  will  have 
no  appreciable  effect  upon  the  efficiency  under  normal 
working  conditions,  and  will  allow  a  certain  surplus  for 
additional  calls  for  power  or  for  lighting  in  the  sum- 
mer, without  starting  up  the  regular  lighting  plant. 
For  example,  on  cloudy  days  in  the  early  fall  it  will 
probably  be  necessary  to  run  a  part  of  the  lights  for 
an  hour  or  so  at  night  and  a  good  generator  should 
be  able  to  carry  20  to  25  per  cent,  overload  for  this 
length  of  time  withoiit  injury  or  serious  loss  of  effici- 
ency.    In  the  present  case,  this  would  give  a  surplus  of 

(450   X   1-2)   —  450  =  90  l-w. 
for  purposes  of  this  kind. 

Operating  the  engine  condensing  at  the  same  initial 
pressure  and  cutoff,  will  increase  the  power  approxi- 
mately the  same  amount  (207c.)  over  that  when  running 
noncondensing.  Hence,  in  the  summer,  there  will  be 
approximately  90-kw.  capacity  available  in  the  main  gen- 
erating set  for  temporary  lighting,  should  occasion  re- 
quire. The  size  of  engine  noted  above  has  a  sufficient  ca- 
pacity, above  that  called  for,  to  drive  a  450-kw.  gener- 
tor  without  overloading. 

It  is  customary,  in  practice,  to  increase  the  power  of 
the  main  engine  or  generating  set  about  10  per  cent., 
to  care  for  any  moderate  increase  in  the  required  power 
due  to  the  installation  of  additional  machinery.  In 
the  present  case,  this  is  provided  for  by  using  slightly 
larger  machines  than  called  for  in  order  to  make  use 
of  stock  sizes. 

T©stl  toff  Hlh©  CsiSflboiriiHslirag  IEln?®c4 

off  QgiS^IEEii^aEa©   OhE 

By  C.  L.  Cook* 

;Much  has  been  heard  of  the  so-called  '-noncarbonizing" 
lubricating  oils  for  gas  and  gasoline  engines.  This  prop- 
erty is  an  important  one  because  the  collection  of  carbon 
around  the  valves  and  in  the  interior  of  the  engine  soon 
interferes  not  only  with  its  efficiency  but  with  its  actual 
operation.  In  an  endeavor  to  find  some  means  of  meas- 
uring this  carbonizing  effect  for  the  purpose  of  passing 
upon  various  samples  of  oil,  I  have  developed  the  fol- 
lowing test.  It  is  my  opinion  that  all  oils  carbonize,  that 
there  is  no  such  thing  as  a  noncarbonizing  oil,  and  that 
there  is  a  practical  limit  as  regards  the  amount  of  car- 
bonization under  which  an  oil  will  be  satisfactory  and 
over  wliicli  it  will  be  unsatisfactory  for  use  in  a  gas  en- 
gine. 

Carbonizing  is  caused  by  the  cementing  or  binding 
together  of  small  particles  of  soot,  etc.,  in  the  interior 
of  the  engine  by  a  sticky  residue  left  by  the  partial  distil- 
lation of  the  lubricating  oil  when  it  is  exposed  to  the 
heat  of  the  burning  gas.  The  temperature  is  not  high 
enough  to  completely  distill  it,  hence  it  accumulates, 
gathering  more  carbon,  and  forming  an  extremely  hard 
shell  or  crust  \tpon  the  walls  of  the  cylinder  and  the  valve 
surfaces.  If  the  lubricating  oil  contains  considerable 
gum,  the  engine  carbonizes  rapidly  while  if  it  contains  a 
relatively  small  amount  the  engine  seems  to  be  able  to 
get  rid  of  it  at  the  start  and  a  crust  is  formed  only  after 
a  relatively  long  period  of  running. 


♦Chemist,  Board  of  Public  Works,  San   Francisco. 


The  following  test  produces  this  formation  of  carbon 
from  a  given  .sample  of  oil  and  measures  it  quantita- 
tively : 

Exactly  five  grams  of  the  oil  to  be  tested  are  put  into 
a  platinum  dish,  and  two  cubic  centimeters  of  benzine 
or  petroleum  ether  are  added.  If  less  ether  is  added 
combustion  may  not  be  complete  and  experience  has 
shown  that  more  ether  is  unnecessary ;  therefore,  for  uni- 
form results,  this  measured  quantity  should  be  used. 

The  dish  is  tlien  placed  in  a  cylindrical  iuclosure,  made 
of  a  can  about  (5  in.  in  diameter  and  about  a  foot  high, 
without  a  top  and  having  holes  punched  in  the  sides  at 
the  bottom  to  cause  a  slight  draft,  and  with  a  wire  shelf 
about  4  in.  down  from  the  top,  so  that  the  dish  can  he 
ptit  on  it  and  the  ether  ignited  by  passing  a  flame  over 
the  toj)  of  the  can.  When  the  combustion  has  been  com- 
pleted, the  dish  and  contents  are  weighed.  At  this  stage 
the  dish  will  be  found  to  be  coated  with  soot  and  to 
have  a  certain  amount  of  a  sticky  residtte  in  the  bot- 
tom, looking  like  tar  or  asphaltum. 

Next,  the  dish  is  passed  over  the  flame  of  a  bunsen 
bttrner  until  without  further  ignition  or  combustion  this 
tarry  residue  is  evaporated  to  drjTiess,  assuming  a  flaky 
graphitic  appearance.  The  dish  and  its  contents  should 
be  weighed  again  and  the  loss  over  the  previous  weigh c 
is  that  of  the  gum  evaporated.  This  is  a  measure  of  the 
gumming  or  carbonizing  qualities  of  the  oil,  and  can  be 
expressed  as  a  percentage  of  the  five  grams  used  for  the 
test. 

In  numerous  oils  that  were  tested  this  percentage  of 
gum-forming  ingredients  was  found  to  vary  from  0.3  to 
3  per  cent.  For  gasoline-engine  oil,  as  used  in  automo- 
bile engines,  this  percentage  should  not  exceed  1  per 
cent.  One  oil  in  particular  was  tested  and  it  was  found 
that  serious  carbonizing  which  occurred  at  a  percentage 
of  1.4  per  cent,  stopped  when  this  was  lowered  to  0.8  pei 
cent  by  the  use  of  a  better  compounder  or  base. 

Lighter  oils  show  a  lower  percentage  of  gum,  whereas 
heavier  oils  have  a  greater  jjercentage  of  the  compounder 
which  is  added  to  give  the  necessary  viscosity.  This 
gum  is  introduced  into  the  oil,  it  seems,  as  impuritio?- 
of  the  compounder ;  hence  the  percentage  will  depend  upon 
the  amount  and  the  purity  of  the  compounder  used.  From 
this  it  is  evident  that  the  purity  of  the  compounder  to  be 
used  for  a  heavy  oil  is  of  the  greatest  importance.  Esti- 
mating the  amount  of  compounder  used  in  a  heavy  oil, 
the  writer  is  of  the  opinion  that  this  percentage  of  gnm- 
forming  ingredients  should  not  exceed  1.5  per  cent,  for 
so-called  heavy  oils. 

The  test  described  can  be  easily  made  in  fifteen  min- 
utes. After  having  used  it  for  over  a  year  along  with 
the  usual  tests  for  gravity,  flashpoint,  viscosity,  and  in 
some  instances  tests  for  acidity,  alkalinity,  and  break- 
ing down  at  400  deg.  F.,  the  writer  is  now  in  a  position 
to  select  a  suitable  oil  at  the  best  price  and  to  be  able  to 
successfully  interpret  the  almost  unexplainable  "kicks' 
which  came  from  reliable  sources  and  which  at  first 
seemed  imaginary. 

It  is  to  be  observed  that  this  test  is  an  arbitrary  one. 
and  is  not  exactly  analogous  to  what  happens  in  the  en- 
gine cylinder;  the  gum  as  measured  may  or  may  not  be 
a  true  measure  of  the  amount  deposited  in  the  engine  cyl- 
inder. If,  however,  the  same  conditions  are  observed 
in  all  tests  made,  the  method  becomes  available  for  se- 
lecting a  desirable  oil. 
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OVIEIR  THE  SFHILIL^y^AY 

J  L"  S  T  J  E  S  T  S,  J  A  B  S,  J  O  S  H  E  S  A  X  D   JUMBLES 


More  power  to  George  Chandler,  and  all  engineers  like 
him  I  Over  50  years  he's  been  a  stationary  engineer,  17  ot 
"Which  he  was  chief  engineer  with  the  Bryant  Paper  Co., 
Kalamazoo,  Mich.  Now,  at  74,  he  has  voluntarily  retired 
and  the  company,  in  recognition  of  his  long  service  and 
loyalty,  will  continue  to  pay  him  his  full  salary.  And  bully 
for  the  company,  too.  Both  boss  and  chief  may  well  he  proud 
of  themselves. 


"College  doesn't  make  fools,  it  merely  develops  them,'' 
said  "Old  Gorgon  Graham,"  in  his  letters.  So,  if  you  meet 
a  college  feller  who  you  believe  is  a  fool,  remember  he 
had  a  big  start  in  the  fool  business  long  before  he  ever 
entered   college. 


Out  in  Portland,  Ore.,  they  have  a  Safety  First  Commis- 
sion, and  its  apparently  complete  organization  makes  it  look 
like  Portland  will  soon  be  a  mighty  safe  place  to  move  around 
in.      Man    named    Coffin    is    the    chairman — no,    he's   a    live   one. 


Some  day  we  are  going  to  cast  a  form  for  use  in  news- 
paper offices  when  reporting  a  boiler  explosion.  Here  are 
some  expressions  that  the  censor  will  delete:  "Escaped  in  a 
miraculous  manner";  "hurled  this  mass  of  metal";  "it  went  up 
in  the  air  straight  as  an  arrow,  carrying  the  steel  roof  with 
it";  "it  blew  out  with  terrific  force";  "windows  were  shat- 
tered": "concussion  from  the  explosion";;  "cause  was  low 
water" — and  somewhere  in  the  form  will  be  this  line:  "If 
you   can't   find   out   the   reason,    don't    fake    one." 


Pretty  clever  wording  that,  "Electricity  the  heart  beat  of 
modern  warfare."  But,  "Peace  hath  her  victories  no  less 
renowned  than  war."  So  let  us  hope  that  the  plowshare  of 
peace  will  soon  drive  a  deep  furrow  through  these  now  bloody 
fields  of  Europe  and  that  the  sun  will  shine  down  once  more 
upon  those  desolated  homes  and  bring  up  a  harvest  ot  hap- 
piness and  prosperity.     Speed  the  day! 


To  Increase  the  use  ot  its  current,  a  Kansas  City  lighting 
company  had  demonstration  days,  one  for  washing,  one  for 
ironing,  and  one  "when  the  more  delicate  dishes  were 
given  prominence."  'What's  indelicate  about  washing  and 
ironing?     Oh.   Mama,   may   I  go  out   to  swim? 


Elevators  were  known  as  far  back  as  300  B.  C,  we  were 
told  by  a  wise  geek  at  New  York's  electrical  show.  Yes, 
but  that  city  Is  rapidly  replacing  them.  By  2001  this  type  of 
lift  will  be  only  a  memory. 

Uncle  Sam's  navy  has  keen  competition  in  its  midst  in 
the  Individual  coaling  of  its  ships.  The  dreadnaught  "Ar- 
kansas" has  made  a  record  of  stowing  560  tons  in  Its  bunkers 
In   60  minutes. 

'#; 

But  the  "Kronprinzcssin  Cecille"  had  one  true  heart 
aboard,  writes  a  visitor  who  saw  her  shortly  after  her  cap- 
ture, and  here  comes  a  fine  touch  of  humanity.  After  making 
the  round  of  the  ship,  our  chief  engineer  found  In  the  cabin 
assigned  him  a  blotting-pad  with  a  farewell  message.  There 
were  none  of  the  German  jeers  you  might  expect,  but  pen- 
ciled appeals  In  broken  English  to  clean  the  engines  "twice 
weekly,"  to  feed  the  "pldgons"  on  the  "uper  deck,"  and  to 
"oel"  the  piston-rods  regularly  for  the  very  good  reason 
that  "paking  is  cast-lren  and  will  be  resting."  It  seems 
that  the  Ober-Ingenleur  who  wrote  this  note  had  superin- 
tended the  building  of  the  ship  In  the  Stettin  yards,  and 
when  he  took  leave  of  her  at  Falmouth,  they  say  he  sobbed 
like  a  woman  bereft  of  a  child.  Doubtless  in  the  Babylonian 
captivity  of  Bodmin  he  wonders  how  the  engines  that  he 
loved  are  faring,  and  it  should  comfort  him  to  know  that 
they  are  in  good  hands.  Moreover,  his  blotting-pad  message 
now  adorns  a  British  ofTlcer's  album  as  so  much  proof  that 
a   true   McAndrews   may    bear  a   German    name. 

Brother  Harris,  Ijachine,  Que.,  sent  us  this  corking  good 
heart-throb    from    the    "Montreal    Star." 


By  it.  G.  Gibsox 

The  po-\ver  plant  with  which  the  writer  is  connected 
take.?  care  of  several  buildings.  One  of  them,  recently- 
constructed,  is  some  distance  from  the  power  house.  The 
heating  and  ventilating  plant  in  this  building  consists  of 
a  double-duct  forced-air  system,  the  air  being  heated  by 
exhaust  steam,  aided  by  live  steam  in  very  cold  weather. 
The  steam  coils  are  operated  on  the  vacuum  system,  the 
condensation  being  removed  by  means  of  a  motor-driven 
centrifugal  pump.  The  air-circulating  fan  is  also  motor- 
driven. 

Because  of  the  isolated  position  of  the  building  with  re- 
lation to  the  main  engine  room,  it  is  not  ^wssible  for  the 


Switch miAnn  with  Pump.  Fax  and 
Y.VCUUM   f'oxi'itoi. 

engineer  to  remain  coiitimialiy  witli  tlic  heating  apiniratus. 
It  is  obvious  that  should  the  vacuum  ])ump  stop  for  any 
reason,  the  coils  would  soon  fill  with  water.  If  the  out- 
side temperature  were  below  freezing  and  the  air-circu- 
lating fan  continued  to  run  after  the  vacuum  pump 
stopped,  probably  some  frozen  mid  burst  coils  woulil  be 
the  result. 

To  lessen  the  chance  of  such  an  occurrence  the  follow- 
ing arrangements  were  made:  On  the  switchboard,  with 
the  rest  of  the  ]uinip  and  Ian-control  ling  ai)])aratus,  was 
movinte<l  a  (lia])bi'agin  circuit-breaker,  shown  at  the  cen- 
ter in  the  illustration.  This  and  the  vacuum  gage,  in 
the  center  of  the  board,  are  piped  in  ]ianillel  to  the  suction 
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side  of  tlio  ViKiium  iiunij).  When  the  pump  maiutaius  a 
vatiunii  in  the  coils,  it  also  acts  on  the  diaphragm  switch 
(just  above  the  .spring),  closing  it.  The  closure  com- 
pletes a  circuit  through  the  coil  of  a  solenoid-controlled, 
cjuick-acting  circuit-breaker,  shown  to  the  left  of  the  vac- 
uum gage,  this  breaker  lieing  in  the  air-circulating  fan- 
motor  circuit. 

Thus  it  will  he  seen  that  if  for  any  reason  the  vacuum 
pump  stops,  or  for  any  other  reason  a  vacuum  is  not 
maintained,  the  diaphragm  spring  will  open  the  switch 
to  which  it  is  connected.  This  breaks  the  circuit  in  the 
solenoid,  allowing  its  contacts  to  open,  thus  breaking  the 
circulating  fan-motor  circuit  and  stopping  the  fan. 

Part  of  a  signal  apparatvis  for  notifying  the  engineer 
when  the  fan  has  stopped  is  shown  at  the  left  of  the  air- 
fan  starting  box  near  the  foot  of  the  switchboard.  It  con- 
sists of  a  piece  of  fiber,  to  which  two  brass  flexible  contact 
strips  are  attached.  This  is  so  fastened  to  the  switch- 
board that  when  the  fan  stops  and  the  starting-box 
arm  falls  hack,  it  will  cause  the  two  contacts  to  toiieh 
and  complete  a  battery  bell  circuit  to  ring  a  liell  in 
the  engine  room. 

Ds^ffiffi^^edl  h>y  Floodl 
By  C.  V.  Hull 

The  floods  of  the  Cedar.  Little  Cedar  and  Shcllrock 
rivers  of  central  Iowa  were  unusually  destructi\e  this  year, 
causing  considerable  property  damage,  and  the  dam  at 
Marble  Eock,  on  the  Shellrock  Eiver,  was  seriously  dam- 
aged. 

The  dam,  and  the  small  hut  tiptodate  power  house. 
were  completed  in  the  fall  of  1913  ;  the  only  unsatisfactory 
part  of  the  installation  was  the  foundation  for  the  dam. 
A  view  of  the  generating  apparatus  is  shown  in  Fig.  1. 

When  plans  were  made  for  the  plant,  explorations  of 
the  river  bottom  showed  that  it  was  some  40  ft.  to  bed- 
rock. It  seemed  inadvisable  to  build  the  dam  on  rock  and 
con.sequently  the  power  house  and  the  dam  were  built  on 
a  foundation  of  piles  with  a  cement  cap. 

T\lien  the  high  water  came,  the  unusual  pressure;  and 
current  caused  erosion  and  movement  of  the  river  bed, 
so  that  water  passed  under  the  dam.  When  this  was 
noted,  the  flood  gates  were  immediately  opened  wide,  but 
despite  this  relief  the  water  continued  to  carry  away  the 
dirt  and  piles  until  the  volume  of  water  passing  under 
the  dam  was  greatly  increased.  Probably  15  or  20  ft. 
of  the  foundation  was  Avashed  out,  but  the  dam  was  so 
well  reinforced  that  it  stayed  in  position  with  part  of  the 
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foundation  gone.  Fig.  2  shows  the  water  at  its  highcsr 
stage. 

The  damage  done  to  the  plant  will  make  it  necessary 
to  ])ut  about  $15,000  into  the  repair  work,and  a  new  bridge 
will  cost  about  $20,000  to  replace  the  one  carried  away. 

While  the  water  power  was  out  of  service,  a  kerosene 
tractor  outfit  furnished  power  to  run  one  of  the  alterna- 
tors, which  was  turned  at  right  angles  to  its  former  po- 


Fii;.  1.     View  of  the  Statiox  Appakatus 
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sition,  the  belt  being  run  through  the  door  of  the  liuild- 
ing,  Fig.  3.  This  nuikeshift  gives  service  from  11  to 
16  hours  per  day. 

As  soon  as  the  dam  can  be  repaired,  the  original  equip- 
ment will  again  be  put  in  service.  In  it  are  two  water, 
vertical-shaft  turbines,  belt-connected  to  three-phase,  60- 
c}-cle,  2400-volt  alternators,  running  at  400  r.p.m.  The 
generators  and  turbines  are  arranged  for  parallel  opera- 
tion. The  switchboard  is  neatly  arranged,  with  all  the 
necessary  switches  and  instruments.  Current  is  fur- 
nished to  the  consumer  at  104  volts.  The  exciters  run  at 
1550  r.p.m.  and  generate  28  amperes  at  125  volts. 

Since  the  turbines  have  vertical  shafts,  quarter-turn 
idlers  are  necessary  to  make  the  belt  turn  to  the  genera- 
tors. They  are  secured  to  heavy  frames,  molded  into  the 
heavy  cement  walls  of  the  buildings:  this  insures  a  sub- 
stantial and  accurate  lineup. 

The  plant  was  ])ut  in  for  the  benefit  of  residents  of 
the  town,  who  wanted  dav-and-night  .service. 
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A  niechanical  stoker  eniliodyiiiij-  new  reatures  is  illus- 
trated herewith.  It  is  attat-hed  to  the  boiler  front  by 
simply  opening  the  door  and  running  the  discharge  nozzle 
into  the  opening.  The  stoker  is  run  by  a  y^-  to  1-horse- 
])inver  motor,  according  to  the  size  of  the  boiler.  The 
motor  is  placed  underneath  the  blower,  the  latter  being 
driven  by  a  belt  from  the  former;  the  pipe  which  con- 
M'vs  the  coal  to  the  oscillating  nozzle  is  attached  to  the 
lilower. 

The  hopper  is  in  the  middle  of  the  machine,  the  top  of 
which  stands  about  40  in.  above  the  floor.  Coal  is  lifted 
out  of  the  hopper  by  a  screw  conveyor  into  the  side  of  the 
pipe  and  is  then  carried  liy  the  force  of  the  air  from  the 
blower  onto  the  fire.  The  coal  and  air  in  passing  through 
the  nozzle,  absorb  heat  and  the  fuel  is  deposited  on  the 
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The  annual  meeting  of  the  .-Vmeiican  Society  of  Mechanical 
Engineers  will  be  held  at  the  home  of  the  society,  the  Engi- 
neering Societies  Building,  29  "West  Thirty-ninth  St.,  New 
Torli  City,  Dec.  1  to  4. 

It  is  expected  that  two  features  of  the  annual  meeting 
alone  will  make  it  distinctive  and  of  widespread  interest. 
The  first  of  these  is  the  important  all-day  session  on  Thurs- 
day, Dec.  3,  on  the  Engineer  in  Public  Service,  when  papers 
upon  municipal  engineering  and  related  topics  will  be  pre- 
sented. Contributions  have  been  arranged  for  upon  a  wide 
variety  of  subjects  as  is  indicated  in  the  following  tentative 
list: 

The  collection  and  disposal  of  refuse  from  an  engineering 
standpoint  and  the  utilization  of  municipal  wastes;  the 
handling  of  sewage  sludge:  the  training  of  municipal  em- 
ployees; the  cleaning  of  public  buildings;  the  future  of  the 
police  arm  presented  from  the  engineering  side;  tlie  problem 
of  organization  as  related  to  the  highway  department;  con- 
trolling   factors     in    municipal    engineering;      cleaning      filter 
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lire  hot ;  at  the  same  time  the  nozzle  itself  is  prevented 
from  becoming  overheated  by  the  passing  of  this  coal 
and  air  through  it. 

The  coal  is  bituminous  slack,  and  the  stoker  will  oper- 
ate on  any  coal  that  will  pass  through  a  -yi-in.  mesh 
screen.  By  the  mixture  of  o.'iygen  with  the  coal,  the  finest 
of  the  coal  or  the  dust  is  aflame  immediately  ujion  leaving 
the  nozzle,  and  the  larger  particles  are  burst  open  by 
tlie  heat,  liberating  the  gases,  which  are  immediately 
consumed,  with  the  result  that  there  is  an  incandescent 
tire  in  the  furnace.  The  feed  of  fuel  and  the  air  sujiply 
under  ))erf('<'t  ((uitrol,  and  tlie  faster  the  feed,  the 
■i-r  tile  fire. 

I  Icing  ada])tal)le  to  all  sizes  of  boilers  and  mounted 
on  wheels,  the  stoker  is  easily  moved  up  to  or  away  from 
tlic  l)oilcr.     The  hopper  will  hold  about  350  lb.  of  coal. 

The  stoker  is  mamifaitured  bv  W.  W.  Cooke,  32.')  (iran- 
ite  Hid-.,  T?o.li.-tci-.  X.  Y. 


Wn««pK  AriMiiKl  l"<>««T  riiintK-  -Wastes  around  the  power 
plant  may  be  reduceil  .sonii.«  liat  by  the  covering  of  all  hot 
Hurfaces,  such  aH  small  ai^-Heparatin^c  and  other  t.'ink.s  which 
receive  the  condensation  from  vacuum-return  system.H,  or 
from  drips,  etc.  All  drips  should  be  covered  when  the  con- 
densation from  the  drip.-*  is  not  wa.ste<1  to  the  sewer. 


sands;  the  design  and  operation  of  a  municipal  electric-light 
plant;  and  municipal  colleges  in  Germany.  The  session  will 
lie  opened  by  John  Purroy  Mitchel,  mayor  of  the  City  of  New 
York.  Arrangements  for  the  session  are  being  completed  by 
Ihe  committee  on  public  relations,  and  it  promises  to  be  one 
iif  the  most  attractive  and  largely  attended  meetings  which 
the  society   has  held. 

The  other  feature  is  that  of  the  reports  which  are  ex- 
pected for  the  Wednesday  morning  session.  .\s  is  known  to 
the  membership,  two  of  the  most  important  reports  ever  un- 
dertaken by  the  society  are  nearing  completion,  and  it  is 
hoped  that  both  can  be  presented  at  the  coming  annual 
meeting. 

One  report  is  that  of  the  power  test  committee,  which  was 
published  in  preliminary  form  in  the  society's  "Joui-nal"  near- 
ly two  years  ago.  Since  then  the  report  has  been  thoroughly 
revised  and  is  now  being  put  into  its  final  form.  It  attempts 
to  standardize  the  methods  of  testing  the  various  types  of 
prime  movers  and  auxiliary  apparatus,  and  is  so  broad  in  its 
scope  that  it  will  interest  a  large  number  of  members.  It 
is  expected  will  constitute  one  of  the  most  comprehensive 
Iiul)lications   that    the   society   has   ever  issued. 

The  report  of  the  committee  on  standardization  of  steam 
Ijollers  is  eciually  voluminous,  and  is  also  approaching  its 
completed  state.  Its  value  both  to  engineers  and  the  public 
at  large  Is  so  great  that  it  can  scarcely  be  estimated,  involv- 
ing as  it  does  every  Item  of  consequence  In  relation  to  the 
safety  of  steam  boiler.s,  from  the  specifications  of  steel  to 
the  qualifications   of  the  men   In   the  boiler   room. 

.\n  interesting  session,  in  charge  of  the  subcommittee  on 
iron  and  steel,  will  be  devoted  to  subjects  relating  to  cast 
iron    and    steel    from    the   standpoint   of   the   mechanical   eiigi- 
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neer.  New  developments  in  the  field  of  engineering  metals 
■will  be  dealt  with  in  a  way  to  bring  out  and  make  these  recent 
advances  a  matter  of  common  knowledge.  Other  sessions 
in  charge  of  subcommittees  will  be  those  on  machine-shop 
practice  and  on  railroads.  At  the  latter  there  will  be  a  re- 
port by  the  subcommittee  on  railroads,  on  the  steam  loco- 
motive of  today.  Copies  of  individual  papers  have  been  re- 
ceived from  other  subcommittees,  and  one  session  will  be  de- 
voted to  a  number  of  miscellaneous  papers  of  exceptional 
merit.  The  subjects  will  be  announced  later,  when  the  com- 
plete program  for  the  meeting  will  be  published. 

The  president's  reception  will  be  given  on  Tuesday  even- 
ing during  the  convention,  and  on  'Wednesday  evening  there 
will  be  a  lecture  upon  a  subject  to  be  announced.  The  re- 
union this  year  is  expected  to  take  the  form  of  a  dinner 
dance  at  the  Hotel  Astor,  and  this  will  constitute  the  chief 
social  event  of  the  meeting.  Covers  will  be  laid  for  at  least 
350,  and  there  will  be  dancing  between  courses.  The  grand 
ball   room  at   the   Astor   has   been   engaged   for   this  occasion. 


Power  ©Ba  thi<s  Fsxcs^c  C®as<t 

In  an  address  before  the  recent  convention  of  the  north- 
west Electric  Light  &  Power  Association  at  Spokane,  Wash., 
W.  E.  Herring  of  the  Puget  Sound  Traction  Light  &  Power 
Co.  showed  that  the  Pacific  Coast  during  the  past  few  years 
has  come  forward  with  a  greater  increase  in  water  power  de- 
velopment than  any  other  section  of  the  United  States. 

The  electrical  energy  as  a  whole  is  increasing  at  a  tre- 
mendous rate.  At  the  end  of  1912  the  total  kilowatt  rating  of 
generators  in  the  United  States  -was  in  excess  of  5.000,000,  an 
increase  of  323  per  cent,  in  ten  years.  In  no  other  industry 
has  there  been  such  an  increase  in  capital,  it  now  exceeding 
J7, 000,000, 000  and  for  tlie  five-year  period  up  to  1912  there 
was  required  an  average  of  $180,000,000  a  year  for  central 
station   work   alone. 

Bringing  the  argument  home  to  the  Pacific  Coast,  Mr.  Her- 
ring showed  that  the  new  capital  needed  on  this  slope  in 
the  next  ten  years  would  be  from  $150,000,000  to  $250,000,000, 
depending  to  a  great  extent  upon  the  number  of  new  in- 
dustries that  can  be  brought  to  this  section  and  upon  the 
amount  of  electrification  done  by  steam  roads. 

The  minimum  potential  water  power  in  the  country  shows 
a  total  of  26.736.000  hp.,  of  which  4.932,000  is  available  in 
■Washington,  3.148,000  in  Oregon  and  3,424,000  in  California. 
The  total  for  the  three  states  is  11,504,000  hp,  or  nearly  43 
per  cent,  of  the  total  potential  water  power  of  the  United 
States.  'W'ashington  has  developed  306,000  hp.  or  6  per  cent, 
of  the  possible  power;  Oregon  105,000  hp.  or  3  per  cent.;  Cali- 
fornia,  430,000   or  about   8   per   cent. 

'With  this  wealth  of  power  it  is  shown  that  in  practically 
all  of  the  Coast  cities  the  value  of  the  manufacturers'  products 
is  less  than  in  a  majority  of  Eastern  cities  of  similar  size; 
but  it  is  believed  that  with  a  rapidly  increasing  popu- 
lation, the  Panama  Canal,  and  the  opening  of  Alaska  this 
condition   will   change. 


The  Canadian  "Western  Power  Co.  is  making  important  im- 
provements and  increasing  the  capacity  of  its  plant  at  Stave 
Falls,  British  Columbia.  A  13,000-hp.  turbine,  a  900-hp.  gen- 
erator, a  3000  kw.  transformer  and  a  large  outfit  of  switch- 
boards will  soon  be  installed  for  use  in  connection  with  the 
third  unit  of  the  plant,  the  buildings  for  which  are  nearing 
completion.  The  company  has  a  capacity  of  25,000  hp.  Later, 
with  the  installation  of  the  third  unit,  the  plant  will  have  37,- 
000  hp.,  and  by  next  year  will  be  generating  over  50,000  hp. 
with   four   units    in   operation. 

The  new  hydroelectric  plant  for  Kamloops  will  get  its 
power  from  the  Barriere  River.  The  power  house  building 
has  been  completed,  the  machinery  is  being  erected  and  the 
city  of  Kamloops  will  be  utilizing  the  current  carried  over  the 
new  line  within  a  few  weeks.  The  first  unit  will  produce  2600 
hp.  and  later  the  capacity  of  the  plant  will  be  increased  to 
8000  hp. 

The  city  council  of  Revelstoke  has  awarded  contracts  for 
the  improvement  of  the  civic  water  power  plant  to  Escher, 
"Wyss  &  Co.,  Zurich,  Switzerland,  for  a  water  turbine  with  a 
44-in.  valve,  and  to  the  "Westinghouse  Co.  for  a  generator,  ex- 
citer and  switchboard.  The  total  cost  of  the  improvements 
will  be  about  $20,000. 

The  Canadian  Northern  Ry.  is  developing  a  50,000-hp.  plant 
from  the  Sumallo  and  Nicaloon  Rivers,  which  will  be  em- 
ployed in  operating  the  Canadian  Northern  trains  from  Port 
Mann  to  the  False  Creek  terminals  at  Vancouver,  B.  C. 


Announcement  has  just  been  made  of  the  proposed  con- 
struction of  a  large  hydroelectric  plant,  to  represent  at  its 
completion  an  expenditure  of  several  millions,  and  to  be  on 
the  Speel  River,  35  miles  south  of  Juneau,  Alaska.  The  gov- 
ernment has  issued  a  grant  for  the  projected  undertakings 
and  actual  construction  work  is  expected  to  start  in  a  few 
months.     The  plant  will  have  a  capacity  of  100,000  hp. 
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If  Salt  Lake  City,  Utah,  will  make  the  necessary  appro- 
priation, the  metallurgical  bureau  of  the  Universary  of  Utah 
will  undertake  a  systematic  study  of  the  smoke  problem  in 
Salt  Lake. 

A  resolution  recently  adopted  by  the  board  of  governors 
(if  the  Commercial  club  was  forwarded  to  the  city  com- 
mission asking  that  an  appropriation  to  cover  the  cost  of 
the  investigation  be  made.  The  resolution  was  accompanied 
by  a  plan  for  a  systematic  investigation,  evolved  by  Prof. 
D.  A.  Lyon,  government  expert  in  charge  of  the  university 
bureau.  In  a  letter  to  the  city  commission  George  W.  Snow 
recommends  that  the  offlcBr  of  the  United  States  Bureau  of 
Mines  at  the  University  of  Utah  be  allowed  to  conduct  an 
investigation  as  to  the  smolve  nuisance  in  Salt  Lake,  and  that 
the  city  make  an  appropriation  to  cover  the  cost  of  the  in- 
vestigation. 

DiPO^^Ihift  Sihmts  Do^yyia  FEaiEats 

A  large  number  of  industrial  plants  in  Pennsylvania,  espe- 
cially in  the  western  section,  have  been  compelled  to  shut 
down  temporarily  for  lack  of  water.  The  long  drought  has 
dried  up  rivers  and  smaller  streams  upon  which  many  com- 
panies depended  for  their  water  supplies.  Some  of  the  big 
coal  companies  are  compelled  to  haul  water  long  distances 
in  order  to  keep  their  power  plants  in  operation.  "West  Vir- 
ginia and  Ohio  report  similar  conditions.  The  drought  is  the 
worst  that  has  visited  the  section  in  many  years. 


(Doiair©s'©irac©   off  Mai^^oips  Bi.t 
F]haIlaidl©Sp]hnsi 

"When  it  is  remembered  that  over  eight  billion  dollars  are 
invested  in  electric  light  and  street-railway  companies  alone 
in  this  country,  five  and  one-half  .billions  being  controlled 
by  holding  companies,  it  will  be  realized  what  a  stupendous 
task  a  single  city  has  when,  unaided,  it  asks  for  adequate 
rates  and  proper  service  from  the  public  utilities. 

This  condition  is  largely  responsible  for  the  formation  of 
the  Utilities  Bureau  under  the  sponsorship  of  Mayors  Blank- 
enburg  of  Philadelphia,  Mitchel  of  New  York,  Harrison  of 
Chicago,  Baker  of  Cleveland  and  Shroyer  of  Dayton.  Its 
object  is  to  secure  fairer  rates  and  better  service  standards 
from  municipal  utilities  through  the  cooperation  of  public 
officials  and  interested  citizens.  The  bureau  is  nonpartisan 
and  at  the  service  of  those  citizens  and  officials  who  need 
advice  and  seek  data  concerning  other  utilities  than  their 
own. 

A  conference  of  mayors  will  be  held  in  Philadelphia  on 
Nov.    12,    13    and    14.      The    program    is   as    follows: 

Reception  Bellevue-Stratford  Hotel,  Thursday  evening, 
Nov.  12.  Address  of  welcome,  Hon.  John  K.  Tener,  governor 
of    Pennsylvania. 

First  Session — Bellevue-Stratford  Hotel,  Broad  and  'Walnut 
Sts.,    ball    room. 

Friday  Morning,  10:30  o'cIock^"Practical  Utility  Prob- 
lems." Presiding  officer,  Hon.  Rudolph  Blankenburg,  mayor 
of  Philadelphia.  Addresses:  "Fundamental  Planks  in  a  Pub- 
lic Utility  Program,"  Delos  F.  'Wilcox,  franchise  expert,  New 
Tork;  "The  Regulation  of  Municipal  Utilities,"  Nathaniel  T. 
Guernsey,  general  counsel,  American  Telegraph  &  TeleplK 
Co.,  New  Tork;  "Philadelphia's  Transit  Problem,"  A.  Merritt 
Taylor,  director  of  city  transit,  Philadelphia;  "Municipal 
Lighting  Rates,"  Ray  Palmer,  commissioner  of  gas  and  elec- 
tricity,   Chicago,    111.;    "Labor's    Interests    in    Public   Utilities. 

Second  Session — Bellevue-Stratford  Hotel,  Friday  after- 
noon, Nov.  13,  2:15.  "The  Regulation  of  Utilities."  Addresses: 
"Some  Present  Day  Issues  in  Regulation,"  Edward  W.  Bemis, 
Chicago,  111.,  member  of  board  of  supervising  engineers,  Chi- 
cago, valuation  bureau  of  public  utilities  commission  of  the 
District  of  Columbia:  "What  Certain  Cities  Have  Accom- 
plished Without  State  Regulation,"  Stiles  P.  Jones,  secretary,! 
Voters    League,    Minneapolis,    Minn.;    "A    Constructive    Policy] 


October  27,  1914 


POWEE 


625 


for  Public  Service  Corporations,"  Charles  Day,  of  Day  &  Zim- 
merman, Philadelphia;  "What  Regulation  Must  Accomplish 
It  It  Is  To  Be  Permanent,"  Hon.  John  M.  Eshelman,  presi- 
dent,   railroad   commission   of  California. 

Third  Session — Central  High  School  Assembly  Room. 
Under  the  auspices  of  the  American  Academy  of  Political  and 
Social  Science,  Friday  evening,  Nov.  13,  8:15.  "Local  and 
State  Regulation  of  Municipal  Utilities."  Presiding  officer, 
Hon.  John  Purroy  Mitchel,  mayor  of  New  Tork.  Addresses 
and  Discussion;  Hon.  Halford  Erickson,  member  of  railroad 
commission  of  'VS'isconsin;  Hon.  Milo  R.  Maltbie,  member  of 
public  service  commission  for  the  first  district  of  New  York; 
Prof.  Charles  E.  Merriam,  professor  of  political  science,  Uni- 
versity of  Chicago;  Hon.  Ira  W.  Stratton,  mayor  of  Reading, 
Penn. 

Fourth  Session — Bellevue-Stratford  Hotel  Ball  Room,  Sat- 
urday morning,  Nov.  14,  10:30.  "Municipal  Ownership  and 
Operation."  Presiding  officer,  Hon.  Newton  D.  Baker,  mayor 
of  Cleveland,  Ohio.  Address — "Municipal  Ownership — The 
Testimony  of  Foreign  Experience,"  Frederick  C.  Howe,  com- 
missioner of  immigration,  Ne^-  York.  Fifteen-minute  reports 
from  the  managers  of  typical  municipal  plants.  Open  dis- 
cussion led  by  Clarke  M.  Rosecrantz,  of  general  counsel,  Mil- 
waukee Electric  Ry.  &  Light  Co.,  Hon.  Robert  Crosser,  United 
States  congressman  from  Ohio,  member  of  committee  on 
the   District    of   Columbia. 

Fifth  Session — Saturday  afternoon,  Nov.  14,  2:15.  Execu- 
tive session,  open  only  to  mayors  and  delegates.  Round  table 
discussion:      "Elements    in    a    Constructive    Utility    Program." 

Sixth  Session — Witherspoon  Hall.  Under  the  auspices  of 
the  American  Academy  of  Political  and  Social  Science,  Sat- 
urday evening,  Nov.  14,  S;15.  "Holding  Companies  and  the 
Public  Welfare."  Presiding  officer,  Hon.  Franklin  K.  Lane, 
secretary  of  the  interior,  Washington,  D.  C.  Addresses  and 
discussion:  Francis  T.  Homer,  Bertron,  Griscom  &  Co.,  New 
York;  Charles  F.  Mathewson,  of  counsel.  Consolidated  Gas 
Co.,  Ne'w  York;  James  P.  Goodrich,  director.  National  City 
Bank,  Indianapolis,  Ind.;  Louis  D.  Brandeis,  lawyer,  Boston, 
Mass.  The  attendance  of  106  mayors  or  their  delegates  has 
been   promised  for  the  conference. 


TJRADIE  CATAILOGS 


American  District  Steam  Co.,  North  Tonawanda,  N.  Y. 
Catalog  No.  9.  Steam  heating  specialties.  Illustrated,  234 
pp.,   6x9   in. 

Sprague  Electric  Works,  527-31  W.  34th  St.,  New  York. 
Bulletin  No.  48,701.  Electric  Dynamometers.  Illustrated,  24 
pp.,  8xl0>4   in. 

The  Ohio  Blower  Co.,  5130  Perkins  Ave..  Cleveland.  Ohio, 
The  HANDiLINE  HANDiBOOK.  Sheet  metal  and  angle  iron 
specialties  including  refuse  boxes,  cans,  racks,  battery  cases, 
etc.     Illustrated,  3V4x6  in. 

Ingersoll-Rand  Co.,  11  Broadway,  New  York.  Form  No. 
4033.  "Little  Tugger"  air  hoist  for  power  pl.ants.  etc.  Illus- 
trated, 8  pp..  6x9  in.  Form  No.  8013.  "Little  David"  pneu- 
matic chipping,  calking  and  scaling  hanuiier.s.  Illustrated, 
12  pp.,  fix!)  in.  Form  No.  8207.  "Little  David"  pneumatic 
drills.     Illustrated,  36.  pp.,  6x9  in. 


mK'W    PUBIL2CATSOHS 


.MINER.S'  CIRCULAR  16.  Hints  on  coal-mine  ventilation,  by 
J.  J.  Rutledge.     1914.     22  pp. 

TECHNICAL  PAPER  65.  A  study  of  the  oxidation  of  coal. 
by  H.  C.  Porter  and  O.  C.  Ralston.  1914.  30  pp.,  12 
Figs. 

NEW  GOVERNMENT  PUBLICATIONS — The  Bureau  of  Mines. 
Department  of  the  Interior,  announces  the  following  new 
publications: 

TECHNICAL  PAPER  93.  Quarry  accidents  In  the  UnltPd 
States  during  the  calendar  year  1913,  compiled  by  A.  H. 
Fay.      1914.     66  pp. 

TECHNICAL  PAPER  84.  Production  of  explosives  in  the 
United  .States  during  the  calendar  year  1913,  by  A.  H. 
Fay.      1914.      13    pp. 

BULLETIN  83.  The  humidity  of  mine  air.  with  especial 
reference  to  coal  mines  in  Illinois,  by  R.  Y.  Wllllama 
1914.      69   pp.,    7   Figs. 

NOTE — Only  a  11miti-d  supply  of  the.ip  publications  Is  avail- 
able for  free  distribution,  and  applicants  arc  asked  to  co- 
operate In  insuring  an  equitable  distribution  by  selecting 
publications    that    are    of    especial    Interest.      Requests    for    all 

riapers  cannot  be  granted  without  satisfactory  reason.  Pub- 
ications  should  be  ordered  by  number  and  title.  Applications 
should  be  addressed  to  the  Director  of  the  Bureau  of  Minen. 
Washington,  D.   C. 


SIMPLE    PROBLEMS   IN  1M.\RTNE    ENGINEERING   DESIGN — 
By    J.    W.    51.    Sothern.    Principal,    Sothern    Marine    Engi- 
neering  College,   Glassow.      Tliird    edition.      James    Munro 
&    Co.,    Ltd.,    Glasgow;    D.    Van    Xostrand    Co.,    New    York. 
191   pages;    5xS-in.    semi-Hexible    cloth.      Price,    $1. 
This  work  contains  data  and  methods  of  solving  problems 
of    design    of    boilers    and    engines,    reduced    to    simple    arith- 
metical  and   algebraical   processes.      The   test   questions   under 
each  head  afford  valuable  information  and  practice  for  young 
engineers    and     candidates     for    licenses     who     may    wish     to 
refresh    their    knowledge    of    engineering    calculations. 
POCKETBOOK     OF     MARINE     ENGINEERING     RULES     AND 
TABLES.      By  A.    E.   Seaton  and   H.   M.    Rounthwaite;    12th 
edition,    with    diagrams.      London,    Charles    Griffin    &    Co.; 
New   York..   D.   Van   Nostrand   Co.      Flexible  leather;    4x6% 
in.;    713   pages.      Price   $3.50. 
This    pocketbook.    which    in    Great    Britain    is    known    as    a 
standard,    is    a    compendium    of    rules,    tables    and    data    that 
should  find  a  welcome  place  in  the  kit  of  every  marine   engi- 
neer.     The    rapid    modifications   of    conditions   in    marine    engi- 
neering of  recent  years,  such  as  the  adaptation  of  turbine  and 
internal-combustion     engines     to     propulsion     of     ships,     have 
called    for    convenient    form    of    additional    data    not    included 
in    earlier   editions   of   this   work.      The   authors   have   also   in- 
cluded now  Rules  of  the  Board  of  Trade  and  the  more  recent 
modifications  of   Lloyds  and   other   registry   societies. 

PUMPING  BY  COMPRESSED  AIR— Bv  Edmund  M.  Ivens,  M. 
E.  First  edition.  New  York,  John  Wiley  &  Sons.  244 
pages;    6x9    in.;    106    illustrations;    cloth.      Price,    53. 

Literature  on  pumping  by  compressed  air  has  heretofore 
been  almost  exclusively  confined  to  air  compressor  catalogs, 
articles  scattered  through  the  proceedings  of  technical  socie- 
ties and  some  data  to  be  found  in  works  on  compressed  air 
"Which  "were  either  a  repetition  of  material  contained  in 
catalogs  or  of  a   purely  theoretical   character. 

The  work  will  therefore  be  appreciated  by  engineers  and 
others  for  its  systematic  and  practical  presentation  by  an 
author  who  has  had  the  opportunity  to  install  and  test  a 
number  of  air  lifts  operated  under  a  wide  range  of  conditions 
and  is  fortified  by  valuable  data.  The  work  places  before 
the  student  a  comprehensive  theoretical  study  of  the  subject 
and  at  the  same  time  imparts  easily  understood  instruction 
to  the  operating  engineer  in  the  economic  essentials  of  the 
practical    installation. 

In  addition  to  the  space  devoted  to  design  and  operation 
of  air  lifts,  the  work  contains  good  descriptions  and  illustra- 
tions of  various  commercial  and  return  systems,  and  for 
greater  completeness  of  the  subject  of  compressed  air  pump- 
ing, the  later  chapters  are  devoted  to  pertinent  principles  of 
hydraulics  and  thermodynamics.  The  concluding  chapters 
treat  of  air  compressors,  flow  of  compressed  air  in  pipes  and 
flow  of  water  in   pipes. 

"VERBAL"    NOTES    AND    SKETCHES,    FOR    MARINE    ENGI- 
NEERS.    By  J.  W.  M.  Sothern,  Principal.  Sothern's  Marine 
Engineering  College.     Glasgow.  James  Munro  &  Co.,  Ltd.; 
strand  Co.     676  pages.     6x9  in.;  illus- 

;5. 

The  former  editions  of  this  work  are  well  known  to  the 
engineering  profession,  especially  to  those  specializing  in 
marine-engineering  construction  and  operation.  The  work  is 
systematically  divided  into  ten  sections  and  an  appendix 
treating  of  workshop  practice,  in  which  are  described  such 
subjects  as  types  of  engines,  design  and  construction  of 
parts,  auxiliary  machinery,  trial  trips,  etc.;  marine-boiler 
construction  and  management;  notes  and  sketches  of  various 
details;  valves  and  valve  data;  general  notes  on  designing 
and  repairing  of  parts  and  marine-engineering  operation; 
marine-engineering  chemistry  notes  embracing  practical 
chemistry  of  combustion,  feed  water  and  boiler  and  condenser 
corrosion;  marine  electric  lighting;  propellers;  refrigeration, 
and  internal-combustion  engines;  together  with  an  appendix 
on   marine  steam   turbines,   air   pumps  and   various   details. 

The  work  Is  to  be  especially  commended  for  the  thor- 
oughness and  completeness  of  treatment,  good  presentatlor 
and  excellent  illustrations,  most  of  which  are  drawn  to  scaie 
with  the  parts  especially  referred  to  emphasized  with  appro- 
priate shading.  The  work  is  an  excellent  textbook  for  stu- 
dents and  apprentice  englneeis  and  a  valuable  reference 
handbook  on  British  marine  engineering. 

r " "■"""" I 

I      EHGHHEERING  AFFAHRS      [ 
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Anniinl  MpFdnR:  of  MniiniichiiMrttK  Clinptrr.  A.  S.  H.  &  V.  K. 

— The  annu.il  meeting  of  the  Massachusetts  Chapter  of  the 
Amerlc:in  Society  of  Heating  and  Ventilating  Engineers  was 
held  Oct.  l.l,  at  the  Revere  House,  Boston,  Mass.,  with  a 
large  attendance.  The  principal  business  was  the  election 
of  officers  which  resulted  in  the  following:     Andrew  G.  Paul, 
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president;  Eugene  R.  Stone,  vice-president;  Charles  Morrison, 
secretary;  AVilliam  T.  Smallman,  treasurer.  Board  of  Gov- 
ernors: William  G.  Snow,  Frank  Irving^  Cooper,  James  W.  H. 
Myrick.  There  is  a  good  balance  in  the  treasury.  Several 
nt-w  members  were  admitted  and  a  general  feeling  of  enthusi- 
asm and  cooperation  prevailed  which  bids  fair  to  continue 
throughout  the  year.  Resolutions  were  engrossed  on  the 
recent  death  of  Albert  Barnes  Franklin,  who  was  active  in 
the   society,   having   been   second   vice-president. 

Pennsylvania  Department  of  Labor  and  Industry — In  ac- 
cord with  the  unanimous  vote  of  the  first  Tennsylvania  Indus- 
trial Welfare  and  Efliciency  Conference  held  in  Harrisburg, 
Penn..  last  year,  Commissioner  Jackson  has  issued  a  call  for 
a  second  conference  to  be  held  in  the  State  Capitol  at  Har- 
risburg on  Nov.  17,  IS  and  19.  This  conference  is  held  under 
the  auspices  of  the  Pennsylvania  department  of  labor  and 
industry  and  the  Engineers  Society  of  Pennsylvania.  The 
purpose  is  to  enable  the  employers  and  employees  to  work 
out  together  the  great  problems  before  them  with  reference 
to  increasing  the  w-elfare  of  the  employees  and  the  prosperity 
of  the  industries.  The  conference  last  year  was  attended  by 
some  2000  persons,  many  of  whom  were  leaders  in  the  labor 
and  industrial  world.  The  gathering  this  year  bids  fair  to 
have  an  even  larger  attendance  and  to  create  even  more  in- 
terest than  that  of  last  year. 

In  connection  with  the  conference  proper,  will  be  held  an 
unusually  effective  safety,  welfare  and  efficiency  exhibition 
which   will   open   on   Nev.    16   and    close  on    Nov.    20. 

The  commissioner  believes,  both  from  the  unusual  value 
of  the  conference  last  year  and  the  even  more  positive  pur- 
poses of  the  present  conference,  that  a  great  amount  of  work 
can  be  accomplished  this  yeai-.  He  therefore  earnestly  calls 
upon  every  broad-minded  citizen  who  is  interested  in  indus- 
trial affairs  to  come  to  Harrisburg  at  the  time  of  the  confer- 
ence and  take  an  active  part  in   the  proceedings. 


Paul  Bigelow,  Eastern  manager  of  the  Buckeye  Engine 
Co.,  addressed  the  Brooklyn  Engineers'  Club,  117  Remsen 
street,  Brooklyn,  N.  T.,  on  the  evening  of  Oct.  23  on  the  Buck- 
eye-mobile. 

George  H.  Chandler,  a  stationary  engineer  for  more  than 
50  years,  and  for  the  past  17  years  the  chief  engineer  of  the 
Bryant  Paper  Co.,  Kalamazoo,  Mich.,  has  retired  from  that 
position  at  the  age  of  74  years.  Mr.  Chandler  will  act  as 
storekeeper  for  the  company,  and  in  recognition  of  his  long 
and  faithful  service  will  draw  the  same  salary  he  had  while 
chief    engineer. 

Dr.  John  A.  Brashear,  Pittsburgh,  Penn.,  has  been  nomi- 
nated for  the  presidency  of  the  American  Society  of  Mechan- 
ical Engineers.  Other  nominations  are  as  follows:  For  vice- 
presidents:  Henry  Hess,  Hess  Steel  Castings  Co.,  Bridgeton. 
X.  J.;  G.  W.  Dickie,  San  Francisco,  and  James  E.  Sague, 
Public  Service  Commission  of  the  Second  District,  New  York. 
For  managers:  Charles  T.  Main,  Dean  &  Main,  Boston;  Spen- 
cer Miller,  Lidgerwood  Manufacturing  Co.,  New  York;  Max 
Toltz,  St.  Paul,  and  Morris  L.  Cooke,  director  of  public  works, 
Philadelphia.  William  H.  Wiley,  John  Wiley  &  Sons,  New 
York,  has  been  renominated  as  treasurer. 

George  M.  Brill  has  been  appointed  director  of  the  general 
reception  committee  for  the  International  Engineering  Con- 
gress to  be  held  in  connection  with  the  Panama-Pacific  Expo- 
sition in  San  Francisco  next  year.  With  headquarters  in  the 
Engineering  Societies  Building  in  New  York  City  he  is  to  or- 
ganize reception  committees  in  the  large  cities  of  the  country. 
-\mong  the  members  of  the  general  reception  committee  are 
Walter  M.  McFarland,  Babcock  &  Wilcox  Co.;  William  L. 
Saunders,  Ingersoll-Rand  Co.,  New  York;  E.  D.  Meier,  Heine 
Steam  Boiler  Co.;  Ambrose  Swasey,  Warner  &  Swasey  Co., 
Cleveland;  Howel  H.  Barnes,  Jr.,  General  Electric  Co.;  Steven- 
son Taylor,  Quintard  Iron  Works,  and  Dr.  A.  C.  Humphreys, 
Stevens  Institute  of  Technology. 


CURTIS  E.  WHITTLESEY 

Curtis  B.  Whittlesey,  for  many  years  treasurer  and  secre- 
tary of  the  McGraw  Publishing  Co.,  died  at  his  home  in 
Madison,   N.  J.,  on  Oct.   9,   in   his   72d   year. 

During  the  24  years  Mr.  Whittlesey  spent  in  the  publish- 
ing business  he  gained  for  himself  a  host  of  friends  who 
honored  and  loved  him   for  his  gentleness  and  his  unostenta- 


tious deeds  of  real  benevolence.  His  knowledge  of  finance 
made  him  frequently  sought  after  by  business  men  who 
valued  his  discernment  and  business  acumen  very   highly. 

JOSHUA  H.  MILLETT 
Joshua  Howard  Millett,  president  of  the  Crosby  Steam  Gam- 
&  Valve  Co.,  died  at  his  home,  Maiden,  Mass.,  on  Oct.  15, 
of  hardening  of  the  arteries,  aged  72  years,  6  months,  28  days. 
He  had  been  ill  but  a  few  days  and  was  at  his  office  in  Boston 
within    three   weeks. 

Mr.  Millett  was  born  in  Cherryfield,  Me.,  and  was  grad- 
uated from  Colby  University  and  was  later  admitted  to  the 
bar.  For  many  years  he  practiced  successfully  in  Boston, 
but  retired  frorti  active  practice  in  1S95  to  devote  his  time 
to  the  concern  of  which  he  was  the  head.  When  admitted 
to  the  bai'  he  became  a  member  of  the  firm  of  Redfield, 
Herrick  &  Millett,  of  which  Judge  Isaac  Redfield  was  the 
head. 

He  came  to  Maiden  in  1SB9  and  was  soon  identified  with 
the  welfare  of  the  town.  He  was  elected  to  the  House  in 
1884  and  1SS5  and  served  on  the  committee  on  judiciary  and 
the  special  committee  on  establishing  the  metropolitan  police. 
He  was  a  member  of  the  special  commission  to  revise  the  city 
charter  and  served  on  the  park  commission  and  school  com- 
mittee and  was  for  a  time  a  trustee  of  the  public  library. 
He  also  served  on  the  committee  to  erect  the  soldiers  monu- 
ment. He  was  urged  several  times  to  take  the  mayoralty 
and  to  stand  for  the  senate  and  for  congress  but  in  later 
years  refused  all  political  honors. 

He  was  a  member  of  Converse  lodge  of  Masons,  Tabernacle 
chapter,  Melrose  council  and  Beauseant  Commandery,  the 
Historical  society,  the  Sons  of  the  American  Revolution  and 
the  college  Greek  letter  fraternity  of  D.  K.  E.  For  many 
years  Mr.  Millett  was  Maiden's  leading  Unitarian  layman 
and  was  much  interested  in  the  Home  for  Aged  Persons  and 
was  president  of  the  corporation  from  its  incipiency  until 
his  death.  Mr.  Millett  was  a  patron  of  art  to  a  considerable 
extent   and   many   fine  paintings  hung   in   his   beautiful   home. 

An  officer  of  the  Crosby  company  who  was  closely  asso- 
ciated with  Mr.  Millett  has  this  to  say  of  him:  "In  my  own  ] 
varied  business  experience,  I  have  come  into  close  contact 
with  a  great  many  men,  of  many  types;  but  I  have  never  I 
known  another  of  his  like,  and  his  many  personal  and 
business  acquaintances  have  used  these  same  words  in  regard 
to  him  during  all  the  past  10  years  that  I  have  known  him 
intimately.  This  is  merely  to  give  an  idea  of  how  he  was 
regarded  by  those  who  could  best  estimate  him,  and  possibly 
to  throw  a  side  light  upon  the  controlling  policy  which  has 
established  the  Crosby  company  upon  a  high  plane  of  reputa- 
tion and  accomplishment." 

Besides  his  widow  he  leaves  a  son,  Charles  H.  Millett, 
associated  with  liim  in  business  and  a  daughter,  Mrs.  Alfred 
B.   Carhart   of  Winchester. 


Mmss^clh^se^fts   Bosiifdl    of  Boiler 

On  Thursday,  Oct.  15,  the  Massachusetts  Board  of  Boiler 
Rules  held  the  hearing  prescribed  by  the  statute  under  which 
it  is  appointed,  and  discussed  the  proposed  changes  which 
were  published  on  page  395  of  our  issue  of  Sept.  15.  The 
hearing  was  attended  by  about  one  hundred  engineers,  and  thei 
remonstrance  against  making  any  change  in  the  rules  in  ad- 
vance of  the  publication  of  the  report  of  the  committee  on 
uniform  boiler  specifications  of  the  American  Society  of 
Mechanical  Engineers,  was  practically  unanimous,  the  only 
interests  appearing  to  favor  the  holding  aloof  by  Massachu- 
setts from  the  nation-wide  effort  to  obtain  uniform  laws  ap- 
pearing to  be  the  boiler  manufacturing  interests  of  that  state. 

The  proposed  change  which  occasioned  the  most  discus- 
sion was  that  reducing  water-tube  boilers  with  cast  headers; 
to  15  lb.  pressure,  which  would  put  millions  of  dollars  worti 
of  water-tube  boilers  already  installed  out  of  service.  It  wai 
shown  that' owing  to  improved  methods  of  manufacture,  thi 
cast  header  is  being  gradually  abandoned,  and  that  the  hi.s- 
tory  of  its  use  does  not  show  it  to  be  so  serious  a  menace  ai 
to  warrant  such  drastic   legislation. 

There  are  at  least  three,  and  perhaps  four,  courses  open 
to  the  board;  one  to  reject  the  proposed  changes  in  toto;  the* 
other  to  adopt  them  in  toto;  the  third  to  revise  them  in  ac- 
cordance with  the  light  evolvea  by  the  hearing,  and  holding 
a  new  hearing  after  the  advertisement  required  by  law;  or 
perhaps  to  adopt  such  of  the  changes  as  commend  themselves 
to  the  board  after  the  discussion.  If  any  attention  is  to  be  paid 
to  the  sentiments  expressed  at  the  hearing,  nothing  will  be 
done  until  the  final  report  of  the  American  Society  of  Mechani- 
cal Engineers'  committee  is  submitted  to  the  December  meet- 
ing   of    that   society. 
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By  Thomas  Wilson 


SYNOPSIS — Bij  intelligent  supervision,  the  stopping  of 
steam  leaks  to  the  atmosphere,  and  remodeling  the  boiler 
furnaces  so  that  evaporation  was  increased  60  per  cent., 
this  enormous  saving  over  the  previous  cost  of  operation 
was  effected. 

lu  1909  the  power  plant  in  the  La  Salle  Hotel,  Chicago, 
was  put  into  commission.  It  was  equipped  with  good 
machinery  and  was  well  laid  out,  but  unfortunately  it  was 
not  operated  otliriently — in  fact,  the  operating  costs  were 


over  the  previous  cost  of  operation  will  exceed  $-15,000  per 
year.  This  is  an  enormous  figure,  large  enough  to  operate 
a  power  plant  in  any  ordinary  building. 

In  a  hotel,  however,  there  are  many  and  varied  ser- 
vices. The  elevator  load  is  heavy  and  so  is  the  lighting ; 
enormous  quantities  of  hot  water  and  steam  are  required, 
the  heating  and  ventilation  demands  are  usually  excessive 
and  refrigeration  is  needed  for  the  kitchen,  for  cooling 
some  of  the  larger  rooms  and  for  making  ice.  Then  there 
are  cuniiMvsscil  air  uses  and  vacuum  cleaning  machines. 


-^^m^ 


Fig.  1.  Pl.\x  View,  Showing  General  Layout  of  La  Salle  Hotel  Plant 


so  high  that  at  one  time  central-station  current  was  se- 
riously considered.  A  new  engineer,  W.  W.  Bird,  came 
to  the  rescue,  and  as  he  was  backed  by  a  progressive  man- 
ager, Ernest  J.  Stevens,  who  came  on  about  the  same 
time  and  incidentally  has  increased  the  business  of  the 
hotel  30  per  cent.,  an  enormous  saving  was  made  in  the 
operating  expenses. 

For  the  year  1913,  the  total  power-plant  costs  were 
$43,000  less  than  in  1910  or  in  1911,  and  in  the  present 
year  further  reductions  averaging  between  $200  and  $300 
per  month  are  being  made.  If  the  results  obtained  in  the 
next  few  months  are  as  good,  the  total  annual  saving 


and  plumbers  are  a  necessity  on  the  operating  force.  Be- 
sides, there  are  other  services  calling  for  men  and  ma- 
chines, so  that  it  will  not  be  surprising  to  learn  that  the 
operating  cost  under  the  original  management  mounted  as 
high  as  $138,000  per  year.  At  present  it  is  below  $95,- 
000  and  for  the  services  rendered  is  not  excessive. 

Power-Plant  Equipment 
It  will  be  interesting  to  learn  how  this  great  saving 
was  made,  but  first  it  will  he  well  to  know  the  equipment 
of  a  plant  which  consumes  on  the  average  100,000  ll>.  of 
coal  and  450,000  gal.  of  water  per  day  of  24  hr. 
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The  hotel  is  22  stories  hijjh,  measures  in  phm  l()2.5xlT8 
ft.  and  contains  11T2  rooms.  The  plant  occupies  the  sub- 
basenieut;  its  general  layout  is  shown  in  Fig.  1.  There  are 
five  JrOO-hp.  combination  fire  and  water-tube  boilers, 
which  are  served  by  chain-grate  stokers,  and  originally 
there  was  a  large  ash-storage  capacity  at  the  end  of  the 
grates.     At  this  point  a  special  dump  box  was  provided. 

Tn  generating  cajjacity  there  is  a  total  of  1100  kw., 
made  up  by  three  directly  connected  units.  The  largest 
has  a  capacity  of  500  kw.  and  the  prime  mover  is  a  cro.ss- 
compound  engine  with  cylinders  measxiring  20  and  32x36 
iu.  Another  17  and  28x30-in.  cross-compound  engine 
drives  a  3oO-tw.  generator,  and  the  third  is  a  2.50-kw. 
unit  with  a  simple  li)x30-in.  engine.  Direct  current  is 
generated  and  distrilnited  at  110-220  volts  on  the  three- 
wire  plan.  The  norn^al  load  averages  close  to  100  kw., 
while  the  connected  load  is  aljout  900  kw. 

Heating  in  the  smaller  rooms  is  elfectud  by  direct 
radiation,  while  in  all  the  large  rooms,  dining  rooms, 
banquet  halls,  etc.,  the  heating  is  indirect.  An  extensive 
system  of  ventilation  replaces  the  air  of  the  entire  liuild- 
ing  every  six  numites.  In  the  summer,  cool  air  is  suj)|)licd 
to  the  public  rooms  and  banquet  halls  by  a  100-ton  ab- 
sorption refrigerating  system.  A  similar  outfit  rated  at 
•50  tons  makes  on  an  average  for  the  year  10  tons  of  ice 
per  clay,  and  cools  the  drinking  water  and  53  refrigerators. 
These  .sy.stems  use  exhaust  steam  from  the  auxiliaries  at  a 
pressure  of  ^  lb.  to  15  11).  above  the  atmosphere. 

There  are  six  hydraulic  passenger  elevators  and  three 
for  freight,  the  pumjiing  equipment  consisting  of  a  three- 
cylinder  comijound  Corliss,  high-duty,  13,  IG  and  ]()x4i4x 
13-in.  pumping  engine,  one  high-duty,  ISi/o,  2'i  and  '^2x 
5%x24:-m.  2)ump,  and  a  simple  ]2xl8.K4%-iu.  pump.  Tlien 
there  are  the  boiler-feed,  vacuum,  brine  and  house  ])umi)s, 
heaters  and  other  auxiliai'y  equipment  descril)ed  more  in 
detail  in  the  .May  K,   1910,  issue  of  rowEi!. 

How  Saving  Wa.s  ^IauI': 

^\'ilcil  the  new  engineer  took  charge,  there  were  22  steam 
traps  in  the  building.  Uixm  investigation,  it  was  found 
that  all  of  them  le-akt'd.  .V  large  quantity  of  live  steam 
was  constantly  escaping  to  the  exhaust  and  most  of  it  even- 


will  show,  there  uas  no  occasion  to  run  two  units  at  any 
one  time  and  a  mure  economical  schedule  was  possilde.  It 
did  not  take  long  to  decide  that  it  would  be  better  to  run 
Xo.  2  from  7  a.m.  to  5  p.m  ,  No.  3  for  the  heavy  load 
from  5  p.m.  to  1  a.m.  and  No.  1  for  the  balance  of  the 
night.  This  schedule  has  been  maintained  for  the  past 
two  years  and  has  resulted  in  a  considerable  saving  in 
steam. 

A  revisio]!  of  the  varioiis  fan-motor  schedules  and  a 
change  from  arc  to  tungsten  lamps  in  the  basement,  re- 
sulted in  a  lower  kilowatt  output,  although  820  t^vontv- 
five-watt  tu]ig>lcn   liordcr  lamps  had  been   added  at  the 
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'.)')0  tcii-watt  sign  lamps  on  a  large  roof 
sign  and  a  number  of  motors  in  the  laundry,  kitchen  and 
new  machine  .shop  increased  the  connected  load.  Besides, 
a  general  o\erhauling  of  the  steam-using  equipment  and 
the  change  in  the  schedule  of  the  main  units  reduced  tiie 
steam  consumption  .so  tiiat  instead  of  an  excess  of  exhaust 
steam — which  had  always  been  the  case  in  the  past,  even 
in  winter — live  steam  is  now  needed  when  the  temperature 
outside  falls  below  20  deg.  F.  Weather  at  this  temperature 
occurs  only  a  small  percentage  of  the  heating  season, 
so  that  during  the  greater  part  of  the  colder  months  tlu: 
plant  is  working  under  ideal  conditions. 

The  ice-making  plant  was  also  perfetited  and  its  en- 
]iacity  so  increased  that  $300  worth  of  ice  was  bougid  in 
1913,  as  compared  to  $2400  in  1911.    A  comparison  ol'  the 


TABLE   1.      -V  COMPARISON   OF  OUTPUT  AND  COAL 
Pons  of  Coal 


March    

Apiil    

May   

June    

July 

AuKUst   .  .  . 

.September 

<«tobei     .  . 

November 

December 

January   .  . 

February 


2.190 

l.SS.S 
1,S80 
1.770 


2.032 
2.ns5 
1.623 


mis 

1.3ii5 
1,20B 
1.276 
1.164 
1.233 
1.250 
1.29S 
1,365 
1.27S 
1.345 
1,429 
1.33S 


Cost 
1910 
$6,398.14 
5,996.56 
6,073.6S 
5,728.99 
5.407.01 
6.205.05 
6.059.35 
5,338.20 
5,156.40 
5,913.45 
5.805.00 
4. 706. 85 


if  Coal 

1913 
»3.523.93 
3,071.62 
3,222.44 
2,945.42 
3.115.92 
3.159.09 
3,198.62 
3.471.41 
3,229.66 
3.400.38 
3,611.53 
3,387.58 


K\v.-Hr. 

Light  and  Powei 

1913 


1910 
272.830 
21,8,160 
244,570 
253.010 
218,910 
308,970 
307,110 
210,130 
279,680 
248,570 
320.910 
300,000 


Made,  Tons 
1910        1913 


Cost 

Removing  .Vslic: 

llilO  1913 


231.100 
218.460 
222,890 
214,490 
211,740 
220,485 
219,070 
235,000 
228,250 
231,590 
243.301 
220,070 


Totals 


22,826        15,577      $68,788.68 


tually  to  atiiiospliere.  These  trajis  were  replaced  I)y  eight 
of  greater  cajiacity  and  of  a  type  which  by  tlieir  move- 
inciit  gave  evidence  of  satisfactory  ()|)erating  conditions. 
All  important  leak  was  stopped  and  tlie  engineer  gave  his 
attention  to  llie  operating  schedule  of  tlie  main  units. 

Fig.  2  shows  liow  the  electrical  l<iad  varied  on  an  aver- 
age day  of  1910  or  1911  and  how  at  dilfereiit  periods  it 
compared  with  the  ca])acity  of  the  tiiree  generating  units. 
Formerly  it  had  been  the  custom  to  run  unit  No.  3  from  I 
a.m.  to  5  p.m..  units  Nos.  I  and  2  from  ■■>  \t.m.  to  1  a.m. 
and  No.  1  for  tiie  balance  of  the  time.     .As  the  load  curve 


$39,337.60      3.180,850       2.696,445 
TABLK 


193 
208 
234 
249 
24S 
254 
246 
248 
213 
226 
226 
211 

2,756 


262 
259 
348 
368 
412 


278 
268 
261 
232 


$454.00 
406.00 
352.00 
400.00 
408.00 
458.00 
481.65 
270.05 
202.00 
300.00 
379  00 
242.00 


$141.50 
158.50 
157.511 
145.57 
136. 5,s 
145.13 
164.47 
164.7(1 
148.95 
143.60 
1 59 . 30 
159.30 


3,722    $4,352,70    $1,825.10 


.V   4-YR.    SUMMARY    OF  OPERATING    COSTS 


Iteni.s 

WaK<..s    

Maintenance 
and   supplies. 

Coal    

Ice    buuKht 

Water    


1910 
$35,885.08 

19,219.36 
G8.7S8.68 
2.100.00 
11,800.00 


1911 
$36,249.05 

21,314.65 

66,208.60 

2,409.50 

12,844.53 


1912 
$35,196.58 

12.908.63 

50,697.23 

396.50 

11,512.60 


1913 
$35,573.62 

9.649.94 

39.337.60 

286.74 

9,908.  3."i 

$94,766.25 

'dven  tlu' 


Total    $137,793.12   $138,026.23   $110,711.44 

tonnage  is  a\ailable  in  Table  1  :  in  Tal)le  2  is 
cost  of  jnireiia.sed  ice. 

frreatest  of  all  was  the  saving  made  in  the  coal  pile  by 
a  modincation  in  tlic  iioiler  settings.     Fig.  3  .shows  the 
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(lid  arraati-onient.  Space  had  beeu  left  between  the  end  of 
the  grate  and  the  bridge-wall  for  a  perforated  dump  box 
extending  the  full  width.  This  box  had  considerable  ca- 
])acity  and  by  oollecting  the  ashes  gave  time  for  the  in- 
candescent particles  carried  o\er  to  give  up  most  of  their 
heat  before  being  dropped  into  the  ashpit.  From  this  box 
a  wedge-shaped  piece  projected  to  raise  the  clinker  from 
the  grate,  so  that  it  would  not  clog  the  delivery  of  the  finer 
ash.  The  intention  was  good,  but  the  result  was  the  con- 
tinual breaking  of  links. 

As  regards  combustion,  the  air  naturally  took  the  course 
of  least  resistance,  passing  along  under  the  grate  to  the 
perforated  dump  box  at  the  rear  or  to  the  same  si)ot 
through  the  plank  covering  the  mouth  of  the  ashpit,  as 
indicated  by  the  arrows.  Very  little  of  it  passed  through 
the  fuel  bed  where  it  was  needed,  the  greater  quantity 
taking  the  longer  but  easier  course  through  the  dump  box 
at  the  rear.  An  evaporation  not  exceeding  o  lb.  of  water 
per  pound  of  coal  was  obtained  and  the  average  could  not 
have  been  niut'h  over  -i  lb.  It  was  impossible  to  burn 
No.  5  coal,  a  mixture  of  Nos.  3  and  4  Carterville  washed 
coal  being  the  fuel  used. 

The  revised  furnace  is  shown  in  Fig.  4.  Iron  doors  re- 
place the  plank  flooring.  Partitions  in  the  ashpit  and  un- 
der the  grate  force  the  air  to  pass  up  through  the  fuel. 
The  dump  box  was  taken  out  and  the  bridge-wall  carried 
over  as  shown,  with  a  water-back  to  support  it  and  at 
the  same  time  better  the  circulation  in  the  boiler.  The 
result  is  an  evaporation  of  8  lb.  of  water  per  pound  of 
coal,  and  the  fuel  burned  is  a  mixture  of  Nos.  4  and  5, 
which  can  be  obtained  at  a  lower  cost  per  ton.  Now  there 
are  no  leakj-  tubes  at  the  l)ack  head,  a  common  occurrence 
after  a  shutdowni  in  the  old  days. 

Ashes  were  formerly  wheeled  to  a  chute  leading  to  the 
underground  freight  tunnel,  dumped  in  a  space  provided 
for  the  purpose  and  then  shoveled  into  the  tunnel  cars. 
These  two  handlings  were  reduced  to  one  by  having  the 
ashes  carted  away  and  the  cost  ])er  month  to  remove  them 
was  lowered  from  an  average  of  $360  to  $150. 

Comparative  Ekcoi!Ds 
Table  !  comjiarcs  the  tonnage  and  cost  of  coal,  the  load, 
(|uantity  nl'  ii 


made  and  the  cost  of  removing  ashes  for 


Fig.    3.   Original   Furnace   Design 

1910  and  1913,  the  fiscal  year  starting  in  March  and 
ending  in  February.  Only  the  figures  for  these  years  are 
given,  as  the  results  for  1909  and  1911  are  much  the 
same.     This  also  applies  to  Table  2,  which  is  a  sum- 


mary of  the  operating  costs  for  the  four  years  the  plant 
has  been  in  operation.  During  1912  the  plant  was  being 
put  in  condition,  and  although  a  saving  was  made  over 
the  previous  years,  it  is  not  as  large  as  in  1913. 

The  totals  in  Table  1  show  that  the  saving  in  coal  alone 
was  $39,451.08,  due  to  burning  less  by  7349  tons  and 
to  a  lower  cost  per  ton,  as  by  remodeling  the  furnace  it 
was  possible  to  burn  a  mixture  of  Nos.  4  and  5  instead  of 
Nos.  3  and  4.  The  load  is  less  by  484,405  kw.-hr.  per  year 
and  the  cost  of  removing  ashes  has  been  reduced  $2537.00. 
In  the  ice  plant  the  increase  in  output  is  966  tons. 

Table  2  is  a  sunnnary  of  the  operating  and  maintenance 


Kn;.  4.  The  I.mfkuveo  Furnace 

costs  of  the  entire  engineering  force  of  the  building 
from  1910  to  1913.  Under  the  former  management  these 
costs  averaged  close  to  $138,000.  In  1 913  they  were  reduced 
to  less  than  $95,000,  the  exact  difference  between  1911 
and  1913  being  $43,269.98.  From  March  1  up  to  the 
present  writing  there  has  been  a  further  reduction  of 
from  $200  to  $300  per  month,  so  that  for  1914  the  saving 
over  1911  should  exceed  $  15,000. 

It  should  be  borne  in  mind  that  the  business  of  the  hotel 
has  increased  30  per  cent.,  and  ordinarily  a  correspond- 
ing increase  would  be  expected  in  the  demands  on  the 
engineering  department.  The  showing  made  by  Mr.  Bird 
is  then  all  the  more  creditable.  It  is  an  indication  of 
what  attention  to  business  will  accomplish  in  a  power 
plant.  Getting  after  the  small  leaks  as  well  as  the  big 
ones,  using  rare  Judgment  in  arranging  the  operating 
schedules  of  the  main  units  and  auxiliaries  and  keeping 
all  apparatus  in  first-class  condition  are  the  things  that 
count.  Add  to  these  a  good  system  of  records  showing 
the  results  obtained  and  an  engineer  who  can  properly 
interpret  them,  and  you  have  in  a  nutshell  the  correct  ex- 
planation of  the  remarkable  showing  made  in  the  La 
Salle  Hotel  plant. 

'it' 

Repair.s  to  Valves — The  repairs  to  valves  in  boiler  plants 
may  be  facilitated  by  the  use  of  one  make  of  valves  through- 
out the  piping-  system.  This  involves  the  keeping  in  stock 
of  but  one  kind  of  repair  parts,  with  which  the  steamfitter 
soon  becomes  familiar. 

Canadian  City  Takes  Over  Itilities  Plant — Sault  Ste,  Marie, 
Canada,  has  taken  over  the  Tagona  Water  &  Light  Co.  The 
employees  of  the  former  water  and  light  company  will 
be  on  the  city  payroll  under  the  supervision  of  the  water 
and   light  committee. 

The  rates  will  be  based  on  their  schedule  as  per  100  ft. 
of  floor  space.  It  is  the  intention  of  the  city  to  do  away  with 
the  meter  rental,  which  has  been  a  .source  of  contention  in 
many  places. 
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Mew  ]Ro4ar§^  Air  C®2iaps=®ssos' 

All  air-couleil  rotary  air  compressor,  whieh  at  400  r.p.m. 
makes  3200  compressions  per  minute  to  deliver  about  75 
cu.i't.  of  air  at  100  lb.  pressure,  has  just  been  placed  on  the 
market  In-  the  Wernicke-Hatcher  Pump  Co.,  Grand 
Eapids,  ilich. 

The  macliine,  showTi  in  Fig.  1,  -fteighs  only  1400  lb. 
It  is  46  in.  long,  28  in.  wide  by  35  in.  "high,  and 
is  arranged  for  belt  drive.    It  consists  principally  of  two 


inanent  seal  between  pockets,  the  plates  slide  back  and 
I'orth  in  the  slots,  but  as  the  elements  rotate  in  the  same 
direction,  the  movement  of  the  plates  is  relatively  slow. 
Tills  permits  a  close  sealing  fit  on  the  side  walls,  "and  as 
tlie  pressure  in  the  leading  pockets  during  compression  is 
always  greater  than  in  the  pocket  beliind,  the  plates  are 
pressed  down  on  the  faces  of  the  slots  so  that  there 
is  no  leakage  back  to  the  chambers  of  lower  pressure. 
The  ojjeratioii  may  be  explained  by  the  use  of  Fiffs.  3, 


Compressor. 
Discharge  chamber 


Fig.  1.  Wkhxicke-Hatcheu  Single-Stage  Rotary  Aie 
Compressor 


Fig.  2.  Disihauge  Exd  with  Eeae  Beau 
iNo  Bracket  and  Case  Head  Eemoveu 


Rotor 


H  '.^ring  surface 
//       Discharge 

S.I 


Discharge  end  [ 
bearing 


heait 


Fig.  3.  E.vn  and  Sn>K  Seitionai,  Views,  Showing  Positiox.s  Takex  by  the  Elements 


elements,  a  rotor  and  a  rotor  casing,  both  of  wliich  re- 
volve in  the  same  direction  and  at  the  .same  sjiced  on  in- 
dependent axes  eccentric  to  eacli  other.  Plates  extending 
radially  from  the  rotor  and  fitting  into  slots  in 
tlie  cawing  and  case  heads,  divide  the  displacement  of  tlie 
compressor  into  eight  indciiciident  pockets.  Tlie  plates 
are  pivoted  to  shoes  which  slide  on  the  surface  of  tlio 
nilor.     To  allow  for  tlie  ecccntriiily  and  maiiilaiii  a  ^icr- 


4  and  5,  in  which  for  simplicity  the  pockets  have  been 
reduced  to  four.  These  illustrations  sJiow  the  successive 
jjositions  takc4i  b^v  tlie  campressing  elements,  while 
the  comj)ressor  revolves  through  oue-foiirth  of  a  revolu- 
tion. In  the  Fig.  3  pocket,  A  is  fully  contracted  and  has 
just  discliarged  its  volume  of  air.  Pocket  B  is  sucking 
in  air,  ('  i-^  filled  with  air  and  D  is  comjtressing.  In  Fig. 
I,  .1  lius  begun  to  take  in  air,  B  is  still  taking  it  iu,  while 


6^2 


V  0  \y  !•:  n 


Vol.  -iO.  Xu.  1;^ 


r  has  beaun  to  compress  aud  D  has  compressed  still 
further.  In  Fig.  5.  ^-1  is  still  drawing  in  air,  B  has  been 
filled,  ('  is  still  eompressiug  and  D  has  discharged  its 
air.  It  will  be  apparent  that  as  each  pocket  passes  from 
the  ))()sition  A  to  C,  Fig.  3,  or  through  one-half  revolution, 
it  e.\]iands  and  draws  in  air.  Through  the  second  half  of 
the  revolution,  it  compresses  this  air  and  discharges  it. 
With  eight  ])0ckets  there  is  practically  continuous  com- 
tiression.    The  periods  of  operation  overlap  so  that  tire  air 
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CoiiPEEssixG  Elements 

is  discharged  uniformly  at  the  desired  pressure.  This 
gives  a  steady  torque  on  the  drive  shaft,  and  as  the  ma- 
chine is  equipped  with  roller  bearings  the  friction  is  low. 
From  Fig.  2  it  will  be  cAideut  that  the  clearance  volume 
in  a  closed  pocket  is  small,  and  another  feature  is  the 
cooling  surface  afforded  by  the  rotor  casing.  In  propor- 
1i<>;i  to  the  volume  of  air  compressed,  this  surface  is  un- 
nsuallx-  liiri:c.  and  is  not  reduced  during  compression.    On 


this  accoiinl,  much  of  tiie  heat  of  compression  is  radiated, 
and  on  an  all-day  ruji  it  is  re]»rted  that  the  temperatures 
will  not  exceed  .'500  deg.  F.  Water  cooling  is  not  neces- 
sary. The  even  load  and  easy  starting  permit  direct  con- 
nection to  a  high-speed  electric  motor  with  automatic 
starting  and  stopping  under  load  if  desired.  This  feature 
conserves  the  energy  for  driving,  as  the  macJiine  is  at  rest 
except  when  air  is  actually  used. 

Each  pocket  is  provided  with  an  intake  and  a  discharge 
\al\e.  Both  are  of  the  ordinary  poppet  type,  and  con- 
nect through  suitable  passages  with  the  intake  and  dis- 
charge at  o])posite  ends  of  the  hollow  rotor  shaft.  The 
sketch  in  Fig.  ;i,  indicating  a  longitudinal  section,  shows 
tb.e  general  arrangement.  The  intake  valves  are  mechan- 
ically o]3erated  by  a  stationary  cam,  the  valve's  and  lifting 
mechanism  rotating  aronnd  it.  An  unloader  protects  the 
machine  and  allows  it  to  nm  idle  except  when  air  is  being 
used. 

Anothci'  fcatiiiv  ol'  tlic  cdinpirssoi-  is  the  oiling  system. 
A  small  pump,  chain  driven  from  the  nuiin  shaft,  draws 
oil  Irom  a  large  stoi'age  chamber  in  the  base.  The  oil  is 
I'orccd  up  through  a  sight  feed,  then  down  under  the  base 
.■111(1  up  1(1  the  bearings.  In  l"ig.  1  the  sight  Feed  has 
iidt  been  placed.  A  small  amount  nf  oil  is  also  drop])ed 
into  the  intake  to  hdjricate  the  moving  parts.  The  over- 
I1(pw  from  the  l)eariiigs  returns  to  the  tank  by  gravitv. 

CoBfflips=essi(n)Eix  C^Il(CTyiIl®.ta©ias  for 

r.V    1).   ().   P.AKilKTT 

The  writer  recently  had  occasion  to  make  extended 
tests  co\'ering  the  determination  of  compression  and  the 
relation  existing  between  the  compression  pressures  and 
volumes  in  oil  engines.  The  engines  on  which  the  te.sts 
Aicre  made  were  of  the  two-stroke-cycle,  semi-Diesel  or 
low-compression  type,  the  fuel  being  injected  directly  into 
the  cylinder  by  means  of  a  pump,  ignition  taking  place 
Avhen  the  oil  comes  in  contact  with  either  a  hot  bulb  or  a 
plate.  Since  these  engines  have  projections  on  the  jiistons, 
to  deflect  the  gases,  the  only  accurate  method  of  determin- 
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iiig  the  compre.ssion  \oluiue  was  by  filling  the  clearance 
space  with  water,  previously  measured,  and  this  was  done 
in  all  cases.  In  some  instances,  however,  a  definite  amount 
was  faced  off  the  cylinder  head  to  decrease  the  compressior 
and  in  these  cases  the  volumes  could  easily  be  calculatetl 
from  previous  measurements:  in  other  cases,  plates  wera 
tised  between  the  cylinder  head  and  the  cylinder  to  in| 
crease  the  compression  volume. 
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The  effective  piston  di;^plaeeineiit  is  represeiited  only 
by  that  portion  of  the  stroke  to  the  edge  of  the  exhaust 
ports,  and  this  is  one  reason  why  two-stroke-cycle  engines 
do  not  produce  a  greater  percentage  of  jDower  in  compari- 
son with  the  four-stroke-cycle,  since  alwut  15  per  cent, 
of  the  stroke  is  lost,  due  to  the  uncovering  of  the  exhaust 
ports. 

From  low-spring  indicator  diagrams,  it  was  found  that 
atmospheric  pressure  was  reached  on  the  compression 
stroke  when  the  piston  had  just  covered  the  exhaust  ports. 
The  engines  tested  covered  a  variety  of  sizes  ranging  from 
10  to  100  hp.,  and  with  piston  speeds  varying  from  600 
to  900  ft.  per  minute.  It  was  found,  liowever,  that  the 
variation  in  the  piston  sjieeds  had  no  apprecial)le  effect 
upon  the  compression  pressures. 

The  relation  between  ])rcssurcs  and  volumes  is  repre- 
sented bv  the  followini;- : 

^  =  (''' 
1\       \  V 


Fr"  =  i\i\ 


where, 

P,  =  ll.:;, 

P  =  Compression  pressure  absolute ; 
F  =  Clearance  volume; 
Vi  =  Total  volume. 
The   accompanying  table   shows   the    results   obtained 

VALUES    FOR    P    and 


Bore 


Stroke 


for    niFPEREXT 

EXGINES 

Comnvesaioj 

Value 

Pressure. 

of  Ex- 

Lb. per  Sq.I: 

.  P 

ponent  n 

1U5 

1.27 

lis 

1.33 

111) 

1.29 

134 

1.32 

170 

1.31 

115 

1.2!) 

108     ■ 

1.2f. 

lis 

1.35 

126 

1.32 

134 

1.35 

144 

1.32 

155 

1.37 

from  these  tests,  giving  the  bores  and  strokes  of  the  en- 
gine, together  with  the  compression  pressure,  also  the 
value  of  the  exponent  n  in  the  above  equation.  It  will 
be  noticed  that  these  values  vary  from  1.26  to  1.37.  the 


ciVective  2:)iston  displacement.    It  is  desired  to  carry  a  com- 
pression i^ressure  of  135  lb.  gage,  which  would  make  the 
absolute  pressure  119.7  lb.,  while  the  pressure  at  the  be- 
ginning of  the  stroke  is  14.7  lb. 
We  now  have : 

Pi  =  14.7  :P  =  14.7  +  135 

Z.  -  H^  -  10  18 

]\  =  ;J418  +  Y 


149.7 


Now, 


Ii 
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.IP 

\'p; 


■^"^^.+ ^  =  ^  (io.i8)«  =  g.(j;) 

(5.fi9  —  1)  r  =  3418 


T' 


728  en. in. 


3418 
17(59 
as  the  \'olume  of  the  compression  space. 

The  accompanying  curve  shows  graphically  the  relation 
between  the  pressure  and  volume  ratios.  Compression 
pressures  are  given  at  the  bottom,  since  it  may  be  safely 
assumed  that  the  pressure  at  the  beginning  of  the  com- 
pression stroke  is  atmospheric.  At  the  left  is  given  both 
the  ratio  of  the  compression  volume  to  the  total  cylinder 
volume,  and  also  to  the  piston  displacement,  the  latter 
value  being  one  less  than  the  former. 


The  inclined-tube  differential  draft  gage,  first  brought 
out  by  L.  M.  Ellison,  of  Chicago,  in  ISOfi,  formerly 
was  made  in  the  open  type  only,  but  more  recently  an  in- 
closed type,  with  a  glass  cover  to  show  the  scale  and  the 
inclined  tul)e  in  which  oil  is  used  as  the  indicating  me- 
dium, has  lieen  added  to  tlic  line.    The  liquid  movement  is 
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average  being  close  to  1.33.  From  the  tests  it  would  seem 
safe  to  accept  the  value  of  1.33  for  compression  calcula- 
tions in  this  type  of  engine.  This  vahu',  which  is  equiva- 
lent to  l/'.3,  greatly  simplifies  comjiression  calculations 
\vbi(  li,  at  i)est,  are  somewliat  dilhcult  for  the  average  en- 
gine designer.  Tallies  of  s(|uares  and  cuIjcs  are  readily 
olifainable.  wiiile  tlie  fourth  root  may  be  obtained  by  tak- 
ing the  s(|uare  root  of  the  square  root. 

As  an  e\am])lc,  assume  an  engine  cylimler  of  Uj-in. 
bore  and  <;0-in.  stroke,  the  distance  from  the  end  of  tlii^ 
cylinder  to  tlie  edge  of  the  exluuist  port  licing  85  yier  cent. 
of  the  stroke,  or  17  in.  The  area  of  a  IC-in.  circle  is 
201. Of.,  which,  nniUi])]ied  by  17,  gives  3118  cu.iu.  as  the 


Fig.  2.  Cojipuuxd  Difpeeexi'lvl  Drapt  Gage 
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multiplied  five,  tcu  or  fifteen  times.  The  1914  model. 
Fig.  1,  i.<  of  hea\y  coii.*tru(tiou  and  a.s  an  innovation  hat; 
a  ])air  of  movable  pointer.^,  which  are  attached  to  the  cover 
frame  and  may  he  set  to  indicate  an  economical  range  of 
draft  for  given  variation?  in  load  and  fuel  bed. 

Fig.  2  shows  a  new  single-tube  compound  gage  which 
multiplies  the  liquid  movement  ten  times.  The  scale 
reads  on  both  sides  of  zero,  on  the  chamber  end  indicating 
the  draft  at  the  breeching,  or  indirectly  variations  in  the 
air  supply,  and  at  the  indicating-tube  end  of  the  gage  the 
draft  at  the  ftirnaee.  When  both  cocks  are  closed,  the  two 
tube  ends  are  vented  to  the  atmosphere  through  openings 
in  the  cocks,  and  the  liquid  stands  at  zero.  To  indicate  the 
furnace  draft  only,  the  cock  at  the  indicating-tube  end 
is  opened,  and  the  cock  at  the  other  end  for  the  draft  at 
the  breeching;  as  with  a  single  tube  only  one  reading 
at  a  time  can  he  taken.  Ft  is  usual  to  run  the  gage  con- 
tinuously on  the  chamber  end,  which  is  connected  to  the 
breeching,  and  use  the  draft  or  furiuice  side  only  as  a 
check  in  ca.se  of  soot  stoppage.  Pointers  limiting  the  eco- 
nomical range  for  either  reading  are  provided. 

A  third  gage,  which  has  just  been  perfected,  is  the  mul- 
tiple differential  gage  shown  in  Fig.  3.  This  consists 
of  two  co\er-type  gages  mounted  on  a  cast-iron  plate  anil 
cross-connected  with  copper  tubing.  The  upper  gage  con- 
tinuously iudiiates  the  furnace  draft,  and  the  lower  gage 
the  \ariations  in  the  air  supply  by  the  drop  in  pressure 
iK'tween  the  flue  and  the  furnace.  As  the  gages  are  inde- 
pendent of  each  other,  they  can  be  equi])ped  witli  scales 
wliicli  magnify  equally  the  liquid  movement,  or  one  may 
magnify  ten  and  the  other  fifteen  times.  For  light  draft 
and  low  drop,  such  as  is  foiuid  in  oil  burning,  the  larger 
scale  is  of  special  advantage.  The  several  types  men- 
tioned and  other  gages  modified  for  special  work  can  be 
furni.slicd  either  "right  or  left"  by  Lewis  il.  Ellison, 
6238  Princeton  Ave.,  Chicago,  111. 


F®rtalble  De^d<=Weaglht   Testes' 

The  accompanying  illustrations  repre.sent  a  new  port- 
able device  for  testing  pressure  gages  by  dead  weight. 
Differential  pistons  have .  been  utilized  to  create  a  hy- 
draulic  multiplication,   and   friction   between   the   parts 


has  been  minimized.  The  gage  to  be  tested  need  not  be 
rcmo\ed  from  its  working  position  after  putting  in  the 
tee  below  the  gage.  Fig.  1.  This  instrument  may  be  used 
with  or  without  tubing  and  tripod  to  reach  an  elevated 
gage  or  as  a  bench  machine  without  a  tripod.  The  oil 
u.sed  to  transmit  pressure  to  the  gage  also  serves  to  keep' 
the  working  parts  lubricated. 

The   design   is   based   on   the    fact   that    the    pressure 

POUNDS 


Skctiox    iiiiiorciT   Portable   Dead-Weight 
Testei! 

applied  to  the  surface  of  a  fluid  is  transmitted  to  every 
part  of  it.  Referring  to  Fig.  2,  the  area  B  is  an  exact 
multiple  of  the  area  A.  If  the  area  B,  for  example,  is  20 
times  that  of  A,  and  a  one-pound  weight  is  placed  on  the 
tray  of  the  piston  D,  its  pressure  is  transmitted  undi- 
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Fig.   3.   Tester  ix   Case 
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niinished  to  each  surface  unit  ol'  area  B.  In  other  words, 
llie  area  B  is  exerting  a  pressure  of  20  lb.  on  the  area 
('.  For  example,  let  the  area  C  be  i  sq.in.  Hence  the 
weight  registered  by  the  gage  is  20  X  1  X  5  or  100  lb. 
per  sq.in.  In  the  same  way  tlie  proportions  of  the  plimg- 
ers  ha\e  been  worked  out  to  read  pressure  in  kilograms 
per  square  centimeter.  Decreasing  either  or  botli  of  the 
areas  A  and  C,  B  remaining  constant  (for  manufacturing 
purposes),  the  gage  reading  iucreases.  If  ,1  ami  ('  in- 
crease, the  pressure  under  C  decreases. 

As  the  weight  employed  is  multiplied  from  1  to  .500 
times,  according  to  the  cajmcity  of  the  machine,  so  like- 
wise the  retarding  effect  of  the  friction  would  be  multi- 


Tliis  instrument  was  invented  by  l»icliard  C.  Cox. 
Cambridge,  Mass.,  and  is  manufactured  by  the  Sim])lex 
Tester  Co.,  Brattle  Building,  Harvard  Square,  Cam- 
bridge, Mass. 


iLyaffimctuiiitiaes    aim    Jis=®.n; 

Ei'dHi  the  acionipauying  illustrations  a  good  idea  may 
l>c  had  of  some  of  tlie  transportation  difficulties  en- 
niuntercd  in  Australia.  Figs.  1  and  2  show  a  heavy  boiler 
being  drawn  over  a  sandy  country  road  in  Victoria, 
Australia,  on  the  way  to  a  mining  plant.  The  boiler 
weighs  slightly  over  18  tons,  and  is  being  hauled  iiy  a 
Itullock  team. 


Fig.  1.  A  Saxdy  Eoad 

plied.  This  serious  oljstacle  lias  been  overcome  by  the  at- 
tachment of  the  flywheel  to  the  piston  E.  The  inertia 
of  the  floating  weights  allows  the  piston  E  to  rotate 
around  the  piston  D  free  from  the  efliect  of  friction. 
Tlie  flywheel,  carrying  with  it  the  piston  E,  eliminates 
the  effect  of  friction  Avithin  the  cylinder,  tlius  allowing 
the  weights  employed  to  give  tlieir  true  multiiilicd 
weiglit.  The  weight  of  tlie  pistons  is  regulated  in  dill'ci-- 
cnt  instruments  to  give  a  reading  of  an  even  li\e  on  the 
gage  for  convenience.  This  is  known  as  the  initial  cdu- 
staiit  and  in  high-capacity  instruments  is  •^■"i  lb.  There- 
fore, wlien  the  weights.  1000  lb.,  ai'c  ])lacc(l  on  the  tray, 
tlie  gage,  if  correct.  siu)uid  read  102.")  Ih.  If  it  fails  to 
register  according  to  the  weights  used  plus  the  initial, 
the  error  is  at  once  evident.  The  constant  valiu'  of  a 
dead-weiglit   test    makes   it   tlu^  only  true   test. 

Tliis  instrument  is  initially  (ille<l  Ijy  immersing  the 
tul)C  ill  a  \-e-sel  III'  (lil  and  tniscrewing  the  handle  shown 
at  the  left  of  Fig.  2.  This  fills  tlie  oil  cylinder  /.  after 
which  it  is  ei)n\ey<'<l  to  tlie  gage  wlicii  attaciied  and  below 
the  areas  A  and  ('.  TIk;  direction  of  How  is  controlled 
by  the  three-way  coel<,  the  liaiidh'  of  which  stands  at  the 
front  of  Fig.  1.  When  the  test  has  been  made,  the  oil 
is  stored  for  the  next  test  in  the  reservoirs  X  and  (I. 
which  are  connecteil  by  a  duct,  and  to  tin;  reservoir  .1/. 
if  desired.  Air  compression  below  the  area  B  is  eliin- 
Jnatcd  by  llie  hole  A'. 

This  cfiiiipnient  may  be  jiacked  in  a  case.  Fig.  .T.  its 
weiglit  being  but  17  li).  for  tests  from  1000  to  AOOO  lb. 
and  as  low  as  13  for  tests  fo  .^OO  lb.  Heretofore,  200  lb. 
dead  weight  has  been  necessary  on  the  ordinary  !-s(|.in. 
tester  to  make  a  test  to  only  1000  lb. 


Fi«.  2.  A  IlAiiD  Haul 


Fi(i.  ;!.  SA^■Kl.^■  o\i:i;  'liii'.  r>i;ii"ii: 

One  peenliarily  is  that  the  wagon  has  six  \iheels.  The 
extra  wheels  Were  necessary  to  i-arry  the  heavy  weight, 
this  \eliiele  at  ordinary  limes  lieing  tised  I'or  haiuUiiig 
limher.  Fig.  1  shows  the  team  at  work,  and  Fig.  2 
is  a  \ie\v  of  the  boiler  being  hauled  up  a  small  sand  hill. 

The  j)liotograj)hs  gi\e  a  good  idea  of  the  tiii-]>rodueing 
country  in  .\ustralia,  where  the  trees  ha\e  been  ringed 
and  left  standing  dead,  a  ring  of  hark  being  renio\e(l 
near  the  liase  to  kill  the  tree. 

Fig.  '■')  shows  a  large  surface  condenser  which  has  safely 
crossed  a  crudely  constructed  liridge. 
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By  R.  C. 

SYNOPSIS — The  most  valuable  vegetable  oils  include 
linseed,  china  wood,  cottonseed  and  olive  oils.  The  fish 
oils  are  menhaden,  seal,  whale  and  sperm  oils.  The  ani- 
mal oils  are  neatsfoot,  lard  and  tallow.  Nearly  all  were 
formerly  used  for  lubricating  pvrpo.^es.  but  now  hare 
mostly  given  way  to  mineral  oils.  The  processes  of  oh- 
laining  these  oils  and  the  methods  of  delecting  adultc ra- 
tions are  described. 

m. 

Animal  and  vegetable  oils  are  often  called  "fixed  oils," 
because  in  contradistinction  to  mineral  oils  they  cannot  be 
volatilized  or  distilled  without  decomposition.  Chemically 
s])eaking,  they  are  all  glycerides  of  fatty  acids.  The  gyl- 
cerides  are  neutral  substances,  whereas  the  fatty  acids  are, 
as  the  name  implies,  of  an  acid  nature.  A  simple  differ- 
entiation for  the  layman  between  neutral  oils  and  fatty 
acids  is  this:  When  treated  with  caustic  alkalies  they  both 
form  soaps  and  a  secondary  product;  but  in  the  case  of 
the  glycerides  this  .secondary  product  is  glycerin,  whereas 
in  the  case  of  fatty  acids  it  is  simply  water.  All  acids, 
whether  of  a  fatty  or  of  a  mineral  nature,  such  as  muri- 
atic acid,  when  neutralized  with  caustic  alkali,  form  water 
as  a  secondary  product.  All  glyi'crides  when  so  neutral- 
ized form  glycerin. 

The  animal  oils  are  obtained  by  merely  heating  the 
fattr  tissues  of  the  carcass;  that  is,  by  "rendering"  or 
"trying  out"  the  fat,  or  by  boiling  out  the  fatty  oil  with 
water.  Vegetable  oils  occur  mostly  in  the  seeds  or  fruit 
of  plants  and  are  obtained  either  by  pressing  or  by  ex- 
tracting with  solvents.  Since  each  of  the  oil-yielding 
plants  "and  animals  produces  its  characteristic  oil,  there 
are  very  many  varieties  of  fixed  oils.  Aniriial  oils  are,  as 
a  rule,  either  nearly  colorless  or  yellow;  vegetable  oils 
occur  in  various  shades  of  yellow  and  green.  Each  variety 
generally  has  a  distinctive  odor.  Their  specific  gravities 
(weight  in  comparison  with  an  equal  volume  of  water) 
vary  from  about  0.880  to  0.970  (water  =  1.000). 

Sperm  oil  is  the  lightest  and  the  most  fluid  and  castor 
oil  the  heaviest  and  the  most  viscous  of  the  fixed  oils. 
Certain  of  the  vegetable  oils,  when  exposed  to  the  air, 
rapidly  absorb  considerable  oxygen,  forming  thin,  elastic, 
varnish-like  films.  Such  oils  are  called  drying  oils,  of 
which  the  best  known  is  linseed  oil,  largely  used  in  paints. 
Other  vegetable  oils  show  no  tendency  to  form  such  films 
and  these  are  called  nondrying  oils.  There  is  also  a 
third  class  of  oils,  called  semidrying,  which  falls  between 
the  drying  and  the  nondrying  classes.  For  lubrication, 
either  nondrying  or  semidrying  oils  must  be  used,  such 
as  olive,  rape  and  castor  oils.  It  is  important,  moreover, 
that  all  oils  used  for  lubrication  should  be  as  free  as  pos- 
si!)le  from  fatty  acids.  All  fixed  oils  contain  a  certain 
amount  of  fatty  acids,  some  more  than  others;  and  if  the 
oil  is  allowed  to  stand  in  the  air  the  amount  increases 
and  becomes  "rancid."  Xo  oil  which  contains  more  than 
4  or  5  per  cent,  of  fatty  acid  should  be  used  to  lubri- 
cate any  kind  of  machinery  (we  do  not  include  here 
cutting  oils).     For  delicate  and  intricate  machinery  th(! 
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amount  permissible  is  considerabh'  less.  The  fatty  acids 
not  only  attack  and  corrode  metal,  especially  if  it  is  brass, 
but  at  the  same  time  form  soaps  which  dissolve  in  the 
oil  and  cause  it  to  get  thick  and  gummy. 

The  animal  oils  most  valuable  for  lubrication  are  lard, 
neatsfoot,  tallow,  whale,  sperm  and  porpoise  oils.  Former- 
ly these  oils  were  widely  used  for  lubricating  purposes, 
but  now  ilicy  have  given  way  to  mineral  oils.  They  still 
li:i\('  oilier  iniporlniil.  uses,  however. 

LixsEED  Oil 

Linsc(>(l  is  perhaps  the  most  widely  known  of  the  dry- 
ing oils.  This  class  cannot  be  used  as  lubricants.  The 
chief  interest  in  linseed  oil  is  its  use  in  paints.  It  is 
obtained  from  the  seeds  of  the  flax  plant  and  considerable 
quantities  are  produced  in  this  country.  The  seeds  are 
generally  crushed  between  rollers  and  then  heated  in  a 
mixing  kettle  and  finally  pressed  while  still  warm. 

Linseed,  like  all  expensive  oils,  is  often  adulterated 
with  cheaper  oils,  bnt  it  is  difficult  to  detect  such  adulter- 
ations cxc'cpt  by  chemical  analysis.  Fish  oils  are  known 
by  the  odor  of  the  cold  oil.  Linseed  oil  itself  when 
lieated  has  a  fishy  odor.  A  good  oil  for  paints  should 
be  clear,  have  a  pleasant,  clean  odor,  and  should  not  sep- 
arate gelatinous  matter  when  heated.  A  "raw  oil"  when 
llowi'd  over  a  clean  piece  of  gla.ss  and  allowed  to  stand 
in  a  vertical  position  should  dry  hard  and  free  from 
stickiness  within  "."i  lir..  and  a  "boiled  oil"  within  31  hr. 
lis  s])ceific  gravity  is  about  0.93. 

( 'iiiNA-WooD  Oil 

This  oil,  also  called  Japanese-wood  and  tung  oil,  is 
obtained  from  tlie  seeds  of  a  tree  native  to  China  and 
.rajian.  Tliese  trees  produce  nuts  having  three  seeds 
eaeh.  and   ihe  oil  is  obtained  by  cold  pressing  the  seeds. 

ll  has  a  rather  pale-yellow  color  and  a  characteristic 
aud  somewhat  unpleasant  odor.  The  Chinese  oil  has  a 
specific  gravity  of  about  0.941  .and  the  Japanese  about 
(T.9:i3.  The  only  heavier  fixed  oil  is  castor  oil.  A  char- 
acteristic ))roperty  of  the  oil  is  its  forming  a  jelly  when 
heated  to  2.50  dog.  C,  or  even  when  kept  at  180  for  an 
hour  or  two.  The  oil  will  also  become  solid  if  long  ex- 
posed to  the  light.  Apparently,  China-wood  oil  is  not 
extensively  adulterated. 

Soja-Beax  Oil 
This  oil,  also  known  as  soy-bean  oil,  Chinese-bean  oil, 
and  simply  "bean  oil,"  is  obtained  from  the  seeds  of  a 
plant  which  grows  largely  in  Japan,  Korea  and  China. 
The  so.ja-bean  industry  is  one  of  the  staples  of  Man- 
churia and  Japan.  The  oil  is  largely  used  there  for  edi- 
ble purposes,  but  it  has  recently  been  finding  use  in  this 
country  as  a  paint  and  varnish  oil  in  connection  with 
linseed;  it  has  about  the  same  specific  gravity  as  the 
latter,  but  its  drying  properties  are  considerably  inferior. 
ft  belongs  to  the  class  of  semidryng  oils. 

COTTOXSEED    OiL 

Cottonseed  oil,  as  its  name  indicates,  is  obtained  from 
the  seeds  of  the  various  kinds  of  cotton  plants,  and  is 
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produced  in  l-dv^v  qiunilil  ics  in  lliis  ((iiuitrv.  It  is  ob- 
tained from  the  seeds  by  pressin<r.  and  is  suitable  I'or 
edible  purposes.  There  seems  to  l)e  a  prejudice  against 
using  it  under  its  own  name.  Many  people  prefer  to  buy 
"table  oil,"  "salad  oil,"  "butter  oil,"  or  "sweet  uttt  oil," 
aiul  would  be  probably  quite  surprised  to  know  that  such 
names  are  generally  merely  aliases  for  eottonseed  oil. 

The  specific  gravity  is  0.925  and  can  l)e  raised  by 
treatment  to  about  0.94.  On  account  of  its  drying  prop- 
ei'lies  and  its  tendencies  to  gum,  it  cannot  be  recom- 
nifuded  as  a  lubricant.  Its  chief  legitimate  uses  are  for 
(•dible  ]nir]i(ises  and  for  soap  making. 

liAi't:  On. 

This  oil  is  also  known  as  colza  oil  and  is  obtained  from 
ra]ie  seed  :  it  is  clear.  ]ialc  yclbiw.  having  a  character- 
istic odor.  Its  specific  gravity  is  about  0.914,  and  its 
viscosity  is  higher  than  any  other  fixed  oil  except  castor 
oil — that  is,  only  one  other  fixed  oil  will  flow  more  slowly 
at  any  given  temperature.  This  oil  is  semidrying  and. 
Therefore,  it  is  not  suitable  as  a  lubricant  for  certain 
classes  of  machinery;  its  chief  use  is  for  btirning. 

Rape  oil  is  often  adulterated  with  other  oils,  such  as 
cottonseed,  corn,  linseed,  fish  and  mineral  oils.  The  pres- 
ence of  fish  oil  can  sometimes  be  detected  by  the  odor. 
csiH'cially  if  the  oil  is  \v:uiiic(l,  and  inincral  oil  is  often 
shown  bv  the  "bloom"  or  lluorcscriu-c  which  it  imparts. 
The  other  oils  can  be  detected  only  by  clicniical  analysis. 

Oi.ivK  Oil 

This  oil,  as  its  name  indicates,  is  olifaiiied  from  the 
fruit  of  the  olive  tree.  The  finest  edible  oils,  which  are 
often  called  "sweet  oil,"  are  obtained  from  haud-picked 
olives,  which  are  carefully  crushed  in  a  mill  without 
i)rcaking  the  pits.  The  meat  is  separated  from  the  pits 
and  ]iressed  in  a  hydraulic  press.  A  second  grade  of  oil 
is  then  obtained  by  pouring  cold  water  over  tiie  pressed 
meats  and  again  pressing.  This  pul]i  is  once  more  re- 
moved from  the  press,  mixed  with  liot  water  and  pressed, 
yielding  the  bright  colored  oils  which  are  used  for  tech- 
nical purposes,  i)urniiig  oils,  lubrication  and  soap  making. 

Tiie  specific  gravity  of  the  oil  is  about  0.915.  It  is  a 
noiidrying  oil,  a)ul  formerly  found  considerable  use  as  a 
lidiricaiit  for  light  nuuhinery.  The  better  grades  are 
now  too  expensive  for  this  purpose,  however,  and  the 
cheap  grades  generally  contain  so  mucli  fatty  acid  that 
lliey  sire  likely  to  cause  trouble  by  the  formation  of 
gummy  deposits.  The  oil  is  not  at  present  much  used 
for  lubrication,  although  it  is  still  employed,  mixed  with 
mineral  oil.  on  si)iiidles  and  looms.  Many  adulterants 
are  used  in  connection  with  olive  oil.  es|iecially  cotton- 
.seed  oil. 

C.v.sTDii  On. 

Castor  oil  is  obtained  from  tiie  seeds  of  the  ricinus 
])lant,  which  grows  in  great  f|uantities  in  all  tropical 
countries.  There  are  many  cultivated  varieties  and  the 
."eeds.  known  as  ( astor  beans,  vary  considerably  in  size 
and  appearanre.  The  United  States,  particularly  certain 
of  the  Middle  West  states,  grows  many  castor  beans,  liut 
the  greater  amount  produced,  however,  is  from  imported 
lir'ans,  most  of  which  comes  from  East  India.  The  oil 
is  f)btained  from  the  beans  either  by  pressing  or  by  ex- 
tracting with  solvents.  A  noteworthy  iieculiarity  is  that 
it  contains  a  pni-ioiious  alkaloid  known  as  ri(  inc.     It   le- 


(|uires  care  to  gi't  the  oil  out  of  the  Ijeans  without  get- 
ling  any  of  the  poisonous  ricine  with  it.  Only  the  purest 
and  most  carefully  prepared  castor  oil  can  be  used  for 
medicinal  purposes. 

For  obtaining  the  best  quality  (medicinal)  oils  the 
beans  are  first  passed  through  specially  made  rollers 
which  crack  the  outside  husks,  or  shells,  which  are  then 
removed  by  a  blast  of  air.  The  inner  kernels  are  then 
pressed  cold  and  part  of  the  oil  is  squeezed  from  tlicni. 
Only  the  cold-pressed  oil  can  be  used  for  medicinal  ]iur- 
poses,  since  the  ricine  does  not  pass  into  the  oil. 

The  crude  oil  obtained  is  refined  by  steaming  and  then 
filtering.  AVhen  properly  refined  the  oil  keeps  well  and  is 
not  likely  to  turn  rancid.  It  is  nearly  colorless  or  ])alo 
gTeenish  yellow,  and  the  taste  is  mild  at  first,  then  harsh  ; 
being  more  marked  in  American  oils.  The  oil  has  the 
highest  specific  gravity  of  all  the  fixed  oils  (generally 
about  0.965),  and  it  is  also  most  viscous  of  them  all. 
It  does  not  begin  to  congeal  until  about  0  deg.  F.  Castor 
oil  is  completely  soluble  in  about  three  to  five  times  its 
volume  of  grain  alcohol  at  (W  deg.  F.  If  castor  oil  when 
mixed  with  three  to  live  times  its  volume  of  alcohol  does 
not  gi\e  a  clear  solution,  it  is  probably  adulterated. 

Castor  oil  is  nondrying,  and  is,  therefore,  suitable  for 
use  in  lubrication;  generally  it  is  conii)arativcly  free 
from  fatly  acids.  It  is.  liowc\cr.  too  viscous  IVu-  niost 
liilirieating  purposes,  and  is  mostly  used  in  a  mixture. 
I'or  hea\y  and  quick-running  bearings  where  considerable 
heat  and  friction  are  developed,  it  has  iieen  used  with 
some  success.  Castor  oil  is  also  used  as  a  belt  dressing 
oi-  preservative. 

iricxHAoicx  AND  Otiii:i{  Fisii  Oils 

I'eal  menhaden  oil  is  an  .Vmeriean  product  obtained 
fi'oiri  the  menhaddciK  a  lisli  a  little  larger  than  the  hci-- 
ring.  The  term  '"meidiaden  oil,"  however,  is  rather  elas- 
tic, aiul  oils  obtained  from  other  species  are  often  sold 
under  that  name.  The  fish  are  placed  in  large  ]ians. 
where  they  are  boiled  with  steam.  This  disintegrates  the 
flesh,  and.  after  standing  some  time,  the  oil  rises  to  the 
lop  and   i<  >kimmed  <dr. 

The  color  nf  tile  (lil  \aries  widely,  depending  on  the 
freshness  of  the  lish  from  which  it  was  extracted  -aim] 
upon  the  length  of  iicnling.  The  specific  gravity  of  the 
oil  is  about  0.9:1. 

The  process  of  obtaining  oils  from  other  tish  is  similar 
to  the  above. 

The  i)riiicipal  use  of  menhaden  oil  is  in  the  lealiiei'  in- 
dustries. In  the  machine  simp  it  linds  an  imp(n-tant  use 
as  a  (pienching  and  teni]iering  oil. 

Si;m.  Oil 

Seal  oil  comes  from  the  lilubhcr  of  seals.  In  the  good 
old  days  the  oil  was  tried  out  of  the  fat  right  on  board 
the  vessel.  Later,  however,  the  seals  were  brought  to 
s|iecial  rendering  plants  on  shore. 

At  the  present  time  .seal  oil  is  obtained  in  a  manner 
similar  to  the  process  u.scd  for  whale  nil.  The  blubber 
is  carefully  separated  from  the  flesh,  cut  into  strips, 
chopped  up  fine,  ])laced  in  large  pans  and  boiled  with 
steauL  The  specific  gravity  is  about  o.!l'^5.  The  best 
(pialities  are  largely  used  as  burning  oils. 

It  is  also  used  to  some  extent  as  a  hduieant  for  seiew  - 
cutting  machines,  either  alotie,  or  mi\<'d  with  mineral 
nil.      it    i^  similar  (o   whale  oil.  ami    llic   lalter  is  often 
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adulterated  ^th  it.     Both  seal  and  whale  oil  are  used  iu 
tempering  steel. 

Whale  Oil  ('Traix  Oil") 

True  whale  oil  comes  from  the  Arctic  or  Greenland 
right  whale,  but  the  so  called  '-whale  oil"  of  commerce  is 
obtained  from  the  blubber  of  various  species  of  whales. 
Its  history  is  almost  exactly  that  of  seal  oil.  Much  of 
the  American  oil,  however,  is  still  tried  out  on  board  the 
whaling  vesi;els,  which  deliver  the  crude  oil  to  the  re- 
fineries on  the  coast.  A  large  right  whale  of  the  Pacific, 
or  a  full  grown  bowhcad  wjiale  will  sometimes  yield  as 
much  as  7800  gal.  of  oil.  The  small  white  whale,  ou  the 
other  hand,  will  only  yield  from  30  to  100  gal.  The 
right  whale  oil  is  of  better  quality  than  the  Southern 
whale  oil,  which  in  turn  is  better  than  that  from  the 
finback  whale. 

The  best  quality  of  oil  is  obtained  as  ''first  runnings" 
from  the  separated  blubber  in  the  trying-out  i)ro<ess. 

Whale  oil  is  somewhat  similar  in  its  appearance  and 
fishy  odor  to  sperm  oil,  but  can  lie  easily  distinguished 
from  it  by  its  specific  gravity,  which  is  above  0.!*2,  where- 
as that  of  sperm  oil  generally  varies  between  0.8(5  and 
0.88.  Even  the  best  qualities  have  marked  drying  prop- 
erties and  it  can,  therefore,  be  used  as  a  lubricant  only 
for  rough  work.  It  is  considerably  employed,  however, 
for  mixing  with  mineral  oil  l)oth  for  lubricating  and  as 
a  cutting  oil. 

Since  whale  oil  is  a  cheap  oil,  the  only  adulterants  gen- 
erally employed  are  still  cheaper  oils,  such  as  rosin,  min- 
eral, cheap  fish  and  sometimes  seal  oils.  The  rosin,  and 
mineral  oils  are  easy  to  detect,  but  the  fish  oils  are  dif- 
ficult of  detection,  and  it  is  impossible  to  detect  seal  oil 
by  chemical  means. 

Sperm  Oil 

True  sperm  oil  is  obtained  from  the  blubber  and  the 
head  of  the  great  sperm  whale.  A  single  male  sperm 
whale  will  yield  on  the  average  from  2300  to  2800  gal. 
of  oil.  Arctic  sperm  oil  comes  from  the  smaller  bottle- 
nose  whale,  which  is  mainly  found  in  the  Arctic  Seas, 
and  yields  about  250  gal.  per  whale.  The  two  oils,  how- 
ever, are  very  similar. 

The  process  of  obtaining  the  crude  oil  is  similar  to 
the  old  process  of  tri'ing  out  whale  oil.  It  is  practically 
all  done  aboard  ship. 

The  true  sperm  oil,  refined,  is  pale  yellow  and  the  best 
grades  have  only  a  faint  odor.  Bottlenose  oil  is  usually 
darker  and  has  a  rather  unpleasant  fishy  odor.  Both  oils 
;;re  much  more  fluid  than  most  animal  or  vegetable  oils. 
On  the  other  hand,  when  heated,  their  fluidity  does  not  in- 
( rease  as  rapidly  as  in  the  case  of  other  fixed  oils.  This 
j^roperty  of  retaining  its  viscosity,  with  rising  tempera- 
ture, makes  sperm  oil  valuable  as  a  lubricant  for  light 
niachinerv'  and  spindles,  but  it  cannot  be  used  for  heavy 
work.  Another  propertv'  is  that  it  has  little  tendency  to 
become  gummy  or  rancid.  Bottlenose  oil,  however,  shows 
more  of  this  tendency,  and  is,  therefore,  less  valuable. 
It  is  hard  to  distinguish  these  two  oils  apart,  since  there 
has  appeared  on  the  market  a  pale-colored  "deodorized" 
sperm  oil.  The  specific  gravity  is  low,  being  only  about 
0.88.  This  makes  it  diSicult  to  adulterate  it  with  other 
fixed  oils  without  deteclion. 

Xeatsfoot  Oil 
In  theory  neatsfoot  oil  is  obtained  by  boiling  out  the 
feet  of  cattle  in  water^  but  in  practice  the  commercial 


nil  may  include  that  from  the  feet  of  horses,  sheep,  swiue 
and  other  animals.  Some  dealers  ease  their  consciences 
by  calling  such  oils  "foot  oil."  The  oil  is  generally  a  by- 
product of  packing  and  slaughtering  houses.  In  prepar- 
ing it,  the  feet  (after  washing  free  from  blood  and  dirt) 
are  scalded  with  boiling  water  for  10  to  15  min.  to  loosen 
tj,e  hoof,  which  is  then  pulled  out.  The  rest  is  boiled  out 
in  water  for  8  to  10  hr.  The  bulk  of  the  oil  is  skimmed 
off  from  time  to  time,  poured  through  a  screen,  separated 
as  much  as  possible  from  the  water,  dried  by  steam  pipes, 
and  finally  filtered. 

If  properly  prepared  from  fresh  material  the  amount 
cf  fatty  acid  in  neatsfoot  oil  is  generally  less  than  i/^ 
l>er  cent.,  but  the  oil  ordinarily  met  with  contains  some- 
times as  much  as  25  to  30  per  cent.  The  chief  factors 
in  determining  the  value  of  a  given  sample  are  color, 
odor,  low  freezing  point,  or  "cold  test,"  and  freedom  from  • 
fatty  acids.  It  should  not  be  used  for  lubricating  pur- 
poses if  it  contains  over  4  per  cent,  of  fatty  acids. 

Xeatsfoot  is  pale  yellow,  and  rather  thin,  with  a  specific 
gravity  of  about  0.915.     Its  odor  depends  upon  the  care 
with  which  it  has  been  prepared  and  is  sometimes  very  - 
rank.     On  standing  it  deposits  light-colored  "stearine" 
or  fat,  sometimes  in  considerable  amounts.     On  account 
of  its  high  cost  the  oil  is  frequently  adulterated.     For  ^ 
liiis  purpose  vegetable  oils  are  largely  tised,  such  as  rape* 
and  cottonseed  oil.     Fish,  mineral  and  rosin  oils  are  also 
used.     The  odor  and  appearance  will  sometimes  indicate 
whether  an  oil  is  adulterated,  but  generally  adulterants 
can  be  detected  only  by  chemical  tests. 

By  far  the  greatest  use  of  neatsfoot  oil  is  in  the  leather 
industries,  and  as  a  bell  dressing,  either  alone  or  mixed 
with  other  materials.  It  is  a  valuable  lubricating  oil  for 
clocks  and  delicate  machinery.  Its  main  use  as  a  lubri- 
cant at  present,  however,  is,  like  tallow  and  lard  oils,  for 
mixing  with  mineral  oils.  It  is  pretty  expensive  to  use 
alone,  but  forms  with  mineral  oil  a  valuable  lubricant. 
For  this  purpose,  care  should  he  taken  to  use  only  those 
oils  with  as  little  fatty  acid  as  possible. 

Lard  Oil  ' 

i 

Lard  oil  is  a  secondary  product  from  the  manufacture 
of  lard  and  may  be  looked  upon  as  the  liquid  part  of  the 
latter.  It  is  obtained  by  allowing  lard  to  crystallize  at  a 
carefully  regulated  temperature,  and  then  separating  the 
liquid  and  solid  portions  by  straining  under  pressure. 
Just  as  the  quality  of  lard  varies  largely  with  its  source 
and  the  condition  of  the  hogs,  so  lard  oil  varies  in  quality 
according  to  the  lard  from  which  it  is  obtained.  Some- 
what lower  grades  are  used  for  burning  and  as  lubricat- 
ing oils. 

The  amount  of  fatty  acid  present  in  different  speci- 
mens also  varies  greatly.  This  may  be  looked  upon  as  an 
indication  of  the  freshness  of  the  oil  and  also  of  the  care 
with  which  it  was  prepared.  An  oil  which  is  practically 
neutral  will  become  rancid  on  standing,  especially  if  ex- 
posed to  the  air.  The  specific  gravity  of  lard  oil  is  about 
0.915.  Its  color  varies  from  practically  water  white  to 
dark  brown,  depending  upon  the  grade.  Because  of  its 
high  price,  lard  oil  is  frequently  adulterated  with  min- 
eral and  clica])  vegetable  oils,  and  also  to  some  extent 
with  fish  and  blubber  cils.  Any  considerable  amount  of 
the  latter  can  be  generally  detected  by  their  fishy  odor. 
There  are  so  called  "mineral  lard  oils"  which  are  mix- 
tures of  mineral  and  lard  oils.     In  such  oils  the  odor 
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of  mineral  oil  is  generally  quite  pronouneed  and  they  are 
usually  thinner  than  lard  oil  and  the  surface  has  a  dif- 
ferent color  to  the  body  of  the  oil,  due  to  the  peculiar 
behavior  of  mineral  oils  toward  reflected  light.  Oil  men 
speak  of  this  peculiarity  as  "bloom." 

Tallow   a\d  Tallow    Oil 

The  term  tallow  is  applied  to  the  fat  of  certain  rum- 
inant animals.  Beef  tallow  is  obtained  from  cattle;  mut- 
ton tallow  from  sheep  and  goats.  The  operation  of  melt- 
ing out  the  fat  from  the  enveloped  tissues  and  mem- 
brane is  generally  carried  out  in  large  kettles  by  means 
of  live  steam.  Tallow  at  from  60  to  80  deg.  F.  is  a  mix- 
ture of  solid  and  fluid  fats.  If  subjected  to  pressure  the 
fluid  ])(.>rticin  can  then  be  scparalcd  out  and  is  knciwu  as 
tallow  oil. 

Beef  and  mutton  tallow  are  quite  similar  in  their  gen- 
eral characteristics.  For  most  commercial  purposes  "tal- 
low" may  be  either  one  or  a  mixture  of  both.  Its  chief 
interest  in  the  power  plant,  hdwever,  is  as  a  lubri- 
cant grease.  Formerly  it  was  used  alone,  but  now  its 
main  use  is  in  mixed  greases,  although  it  is  sometimes 
used  unmixed  for  lubricating  heavy  engine  bearings,  such 
as  in  rolling  mills.  It  slioidd  be  white  in  color  and  when 
melted  should  be  clear  and  free  from  more  than  a  slight 
amount  of  suspended  particles.  It  should  also  have  a 
fresh,  clean  odor,  and  be  as  free  as  possible  from  fatty 
acids.  In  freshly  rendered  tallow  the  amount  of  fatty 
acids  is  seldom  over  I/2  per  cent.,  but  in  commercial  sam- 
ples it  nuiy  be  as  much  as  25  per  cent.,  or  even  more. 
Such  rancid  tallows  should  not  be  used  for  lubrication, 
since  the  fatty  acids  will  attack  and  corrode  metal.  The 
upjicr  limit  should  be  not  over  1  per  cent.  Beef  tallow  is 
less  likely  to  become  inncid  on  standing  tlian  mnttun 
tallow. 

Tallow  oil  is  llic  Inpiid  ]iail  <il'  tallow,  just  as  lard  oil 
is  the  liquid  part  of  lanl.  II  is  made  by  melting  tallow 
and  keeping  it  warm  for  several  hours.  Much  of  the 
stearine  crystallizes  and  is  removed  by  hydraulic  pres- 
sure in  canvas  bags.  If  tallow  oil  is  properly  jirepared, 
the  amount  of  fatty  acid  is  low.  This  makes  it  especially 
valuable  for  making  compounded  cylinder  oils  from  min- 
eral-oil stciik.  Such  mixtures  seem  to  have  a  greater 
"oiliness"  than  mineral  oil  alone.  It  is  a  lubricating  oil 
for  shaftings  and  bca\y  bearings,  cither  alone  or  mixed 
with  mineral  oil.  (arc  should  be  taken  that  the  tallow 
oil  is  frcsli  and  as  free  as  possible  from  fatly  acids, 
especially  when  used  in  cylinder  oils.  It  sboulil  have  a 
clean,  sweet  (>d(ir.  and  be  pale  yellow,  or  nearly  colorless 
and  free  from  suspended  matter.  It  is  seldom  adulter- 
ated, lis  specific  gravity  ranges  from  O.iill  to  0.915, 
and  it  flashes  at  between    175  to  500  deg.  F. 

HosiN'  On. 

li'osin  oil  is  tlu!  ])rineipal  prodmt  of  tiie  destnu'tive 
ilistillation  of  colophony  (common  rosin).  When  we  heat 
water  it  vaporizes  into  sti'am,  and  if  Ibis  steam  is  con- 
densed we  get  water  back  again  inichanged.  Tiiat  is  a 
process  of  ])lHin  distillation.  When,  however,  we  heat 
rosin,  we  also  get  vapors;  but  if  they  are  comlensed,  we 
do  not  (ind  the  product  is  rosin  again,  but  (entirely  dlf- 
Icreiit  suljstances,  the  chief  of  whicii  is  rosin  oil.  The  dis- 
tillHtion  breaks  up  the  rosin  chemically  and  destroys  its 
original  nature,  hence  it  is  called  "destructive  distilla- 
tion." The  process  is  carried  out  in  cast-iron  stills,  which 


bold  charges  of  from  three  to  five  tons,  and  are  heated 
from  beneath  by  a  ilirect  flame.  The  rosin  oil  distills 
liver  at  above  570  deg.  F.,  and  if  the  distillation  is  car- 
ried clear  to  dryness,  the  amoimt  of  oil  may  be  as  high 
as  85  per  cent.  The  residue  in  the  still  is  rosin  pitch,  or 
in  case  the  distillation  is  carried  to  completion,  it  becomes 
coke. 

Crude  rosin  oil  is  a  brown,  viscous  liquid  with  a  char- 
acteristic odor  and  a  marked  "bloom,"  usually  of  a  bluish 
or  violet  tinge.  When  heated  to  about  300  deg.  F.  for 
ibree  (II-  four  hours,  it  loses  from  1  to  5  per  cent,  of  its 
more  \(ilatile  constituents  and  assumes  a  green  fluores- 
cnce.  This  fluorescence  can  be  destroyed  by  chemical 
means,  and  by  a  process  of  refining  the  color  can  be  made 
a  pale  brownish  yellow.  The  specific  gi'avity  of  the  com- 
mercial oils  generally  ranges  from  0.96  to  0.99,  but  not 
infrequently  they  run  as  high  as  1.01.  This  latter  case 
is  interesting  because  it  means  that  an  oil  of  this  specific 
gravity  is  heavier  than  water  and  will  sink  when  brought 
in  contact  with  water.  A  common  use  of  rosin  oil  is  in 
the  manufacture  of  belt  dressings. 

Rosin  oil  is  not  suitable  for  lubricating  machinery,  but 
is  often  used  in  adulterating  mineral  and  other  lubricat- 
ing oils.  It  can  often  be  detected  in  such  cases  by  its 
odor,  which  is  almost  unmistakable  to  one  familiar  with  it. 

lii     !..   ('.    HosLEIt 

A  great  dt'al  has  been  written  and  many  discussions 
have  taken   place  regarding  the  proper  methods  to  cm- 
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pldv  to  corret'tly  sain]ile  conl.  It  seems  stnuige  to  tlie 
writer  that  some  of  the  larger  eousumors  of  coal  shoiild 
coiitiiiue  to  use  the  ancient  and  crude  system  of  samp- 
liiiu  coal  bv  takino-  a  handful  or  shovelful  from  each 
car  or  bucket  unloaded,  as  the  case  may  be.  For  a  ]iro])- 
er  analysis  of  a  quantity  of  ( i>ai  the  first  and  important 
filing-  to  get  is  a  representatixe  sample,  after  which  this 
can  he  redui-ed  to  a  working  quantity  by  an  automatic 
machine. 

Tlie  Philadelphia  Ka])id  Transit  Co.,  has  ])erfeeted 
and  put  in  its  Beach  power  <laiioii  an  automatic  coal- 
sampling  device  by  wliich  all  of  the  coal  receixed  is  sam- 
pled without  the  human  element  entering  into  the  o[iera- 
tion  at  all. 

Coal  is  received  in  boats  and  is  unloadcil  therefrom  by 
two  electrically  driven  locomotixe  cranes  on  the  pier. 
The  coal  is  dumped  into  cars  where  it  is  weighed  and 
is  then  delivered  to  a  conveyor  and  cai'i'ied  to  the  crusher. 
The  coal  at  this  point  is  reduced  to  a  size  not  greater 


icr-ueight  attached  to  the  arm  F.  Hy  the  pull  rod  A', 
and  yoke  le\ci-  L.  ilic  ai'iu  ('  can  be  slid  on  the  shaft  E 
out  of  the  path  of  the  i)late  A,  thereby  cutting  the  ap- 
]iaratus  out  of  service. 

It  will  be  seen  that  there  must  be  a  fixed  relation  be- 
tween the  position  of  the  flight  and  the  oi)eniiig  of  the 
gate.  With  the  gate  wide  open  when  the  flight  reaches 
the  near  side  of  the  hole,  the  maximum  discharge  will 
take  ])lace  as  the  coal  is  always  banked  against  the  flight. 

The  amount  of  coal  desired  in  the  ma.jor  sample  is 
governed  liy  the  numlier  of  openings  of  the  gate  per  rev- 
olution of  the  ccmveyor  and  this  in  turn  by  the  number 
of  arms  .1  that  are  fastened  to  the  flights. 

As  an  example,  from  each  boat  load,  averaging  800 
tons,  a  major  sample  of  about  1500  lb.  is  taken.  After 
passing  the  grinder  and  sampling  machine  the  final  sam- 
ple is  (i  11). 

In  Fig.  1  the  act\ial  apparatus  is  shown  under  the 
coal  conveyor  in  the   I. oiler  room.     The  two  s])outs  re- 
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than  3  in.  in  diameter.  It  is  then  raised  to  a  height 
equal  to  the  elevation  of  the  to]5  of  the  coal  bunkers  and 
is  then  conveyed  to  them.  The  sampling  device  is  in  this 
last  named  conveyor. 

Referring  to  Fig.  2,  the  hopper  for  catching  the  major 
sample  is  truderneath.  Beneath  this  is  a  No.  00  rotary 
(•rusher  and  automatic  sampler,  made  by  the  .Sturtevant 
Mill  Co.,  which  receives  the  coal  from  the  hopper.  This 
machine  performs  two  separate  and  distinct  functions;  it 
lirst  grinds  the  major  sample  to  any  desired  size  and  then 
divides  it  into  two  parts,  one  of  which  is  the  final  sam- 
ple, it  being  drawn  from  the  front  spout,  while  the  bal- 
ance falls  back  into  the  bimker  through  the  side  spout. 
I>y  operating  the  adjusting  wheel  on  the  grinder,  any 
pi'oportion  desired  can  be  obtained  between  the  final  and 
tlie  major  sample. 

Fig.  3  is  a  view  of  the  gate-operating  mechanism.  On 
a  flight  of  the  conveyor  is  fastened  a  plate  A.  With  the 
movement  of  the  conveyor  to  the  left  this  plate  engages 
with  the  roller  B  and  thereby  rai.ses  the  arm  ('.  With 
this  movement  the  arm  D  is  also  raised  as  both  are  keyed 
to  the  shaft  E.  is  the  arm  D  raises  it  pulls  up  the  arm 
F,  which,  through  the  shaft  G,  is  keyed  to  the  arm  H. 
M,  the  end  of  this  arm  is  fastened  the  rod  J ,  which  oper- 
ates the  gate.     This  gate  is  closed  bv  the  use  of  a  coun- 


ferred  to  in  the  foregoing  are  seen  near  the  bottom  of  (be 
grinder. 

During  the  recent  special  tests  made  by  the  compau}- 
on  six  samples  of  1000  tons  each,  three  major  samples 
of  1500  lb.  were  desired  from  each  cargo.  To  accom- 
jilish  this,  it  was  necessary  to  have  four  gate  openings 
])er  I'cvolution  of  the  conveyor,  this  delivering  the  re- 
quii-c<l  amount.  The  opening  in  the  bottom  of  the  con- 
veyor trough  through  which  the  coal  passes  to  the  ho])- 
per  is  -IxG  in.  and  by  actual  experiment  was  found  to  de- 
liver 3  11).  of  coal  per  opening  under  ordinary  conditions 
of  moisture. 

All  of  the  apparatus  except  the  crusher  was  designjd 
and  erected  by  the  company's  engineers  and  has  been 
in  continuous  service  for  a  year,  giving  excellent  results. 


DLsoliarce  From  Trans — Steam  traps  should  not  discharge 
along  the  foundation  waHs  of  the  boiler  house  or  of  any 
other  building.  The  continued  discharge  from  these  traps 
will  in  time  effect  the  settlement  of  the  building's  walls 
Where  the  condensation  is  needed  as  make-up  water  it 
should  be  discharged  to  the  feed-water  heater  or  direct  to 
the  boiler  by  any  of  the  approved  methods.  The  drips  from 
exhaust  heads  are  often  allowed  to  drain  directly  on  the 
loof  of  the  boiler  house,  and  thence  to  the  sewer  by  way 
of  a  rain-water  conductor.  This  is  bad  practice,  as  the 
hot  water  will  damage  any  roof  of  modern  construction,  such 
as   a    roof  of   tar   and   gravel    composition. 
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By  H.  AVixfield  Secor 


The  operating  engineer  is  often  required  to  make  a 
few  rough  tests  on  electrical  machinery  about  the  plant, 
and  particularly  ou  motor  and  dynamo  armatures.  It 
is  well  to  know  a  few  simple  testing  schemes,  so  that 
armatures  can  be  tested  without  any  elaborate  apparatus, 
and  a  few  methods  which  have  been  extensively  adopted 
in  practice  are  mentioned  here. 

In  Fig.  1  is  indicated  a  conmion  shop  method  of  test- 
ing out  direct-current  armatures  of  the  lap-  or  wave- 
wound  types.  Current  is  passed  through  the  armature 
hy  way  of  the  brushes  or,  if  the  armature  is  not  in  place, 
at  points  corresponding  to  the  u.sual  brush  positions  on 
the  commutator,  which  can  be  effected  by  tying  the  two 
test  leads  T  and  T^  ou  the  commutator  by  means  of  a 
piece  of  string.     A  niilli-vnltnicter.  or  ammeter  without  a 
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shunt,  is  connected  across  two  adjacent  commutator  bars 
as  shown.  .\  simjile  testing  handle  filled  with  two 
nail  prongs,  as  at  li,  Fig.  1,  is  handy  in  making  such  a 
l<'sf.  anil  a  biiid<  of  several  llO-volt  lamps  (or  220-volt 
lamps  on  a  22o-volt  circuit)  is  used  for  limiting  the  cur- 
rent passed  through  the  armature  under  test. 

The  current  Ihroiigli  the  armature  should  be  regulated 
until  a  suitable  arbitrary  reading  is  had  on  the  milli-volt- 
meter,  and  the  readings  across  any  two  adjacent  bars 
ft'ill  be  appro.ximately  the  same,  if  the  armature  is  in 
proper  condition.  After  making  a  test  across  the  various 
pairs  of  segments  between  the  leads  T  and  7',.  these 
■liould  be  shifted,  kee])ing  them  the  same  distance  apart 
md  repeating  the  Itar  to  bar  test  until  the  whole  commu- 
tator has  been  te.«ted.  This  is  the  usual  .«ho]i  test  on 
irniaturcs  newly  wound,  or  where  the  winding  or  coninni- 
lator  connections  have  been  repaired.  If  a  higher  meter 
Icfleetion  than  usual  is  observed,  a  loose  or  wrong  con- 
'lection  of  the  armature  coils  may  l)c  looked  for.  If  the 
'neter  needle  goes  olf  the  scale  there  is  probably  an  open 
■oil  in  the  winding  at  the  point  under  immediate  test. 
Where  a  reading  lower  than  normal  occurs,  a  short-cir- 


cuit, perhaps  in  the  turns  of  the  coil  but  frequently  be- 
tween the  commutator  bars,  where  the  leads  have  been 
soldered  to  it,  will  be  found.  It  is  usual  to  test  the  in- 
sulation resistance  of  the  armature  winding  from  the  steel 
shalt  and  core  by  connecting  the  milli-voltmeter  be- 
tween one  testing  lead,  say  T^,  and  the  sliaft,  while  the 


POWER 

Fi(i.  2.     Testixo  Out  Ai;.vi.\TriiEs  liv  31e.\xs  of  Alter- 
XA'riN(i  CntiiEXT 

otlier  testing  lead   T  is  left  connected  to   the   commu- 
tator.    Practically  no  deflection  should  be  observed. 

In  Fig.  2  is  shown  a  test  similar  to  that  just  described, 
except  that  an  alternating-current  circuit  is  utilized.  A 
lio-volt  lamp  is  connected  in  series  with  the  test  circuit. 
Init  instead  of  using  a  voltmeter  for  the  bar  to  bar  test, 
a  common  telephone  receiver  is  employed.  After  the 
strength  of  the  hum  has  been  noted  for  several  coils,  trou- 
ble can  soon  be  located.  A  decreased  hum  indicates  a  par- 
tial or  completely  short-circuited  coil,  and  the  commutator 
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connections  should  be  carefully  examined.  Sometimes 
where  a  coil  lead  passes  over  the  turns  of  a  neighboring 
<()il,  the  insulation  will  be  found  to  have  chafed  away, 
causing  a  short-circuit,  .\gain  it  juay  be  in  the  coil  itself, 
and  then,  of  course,  the  coil  will  have  to  be  removed. 
.\n  extremely  loud  hum  in  the  receiver  indicates  an  open 
circuit  in  the  coil  connected  to  thi'  bars  under  test.  With 
a  little  practice  one  can  (piite  accurately  diagnose  arma- 
ture trouble  by  this  method.  I{esistance  may  be  inserteil 
in  series  with  the  receiver  if  the  hum  is  too  high  and 
the  lamp  used  should  be  of  the  same  voltage  as  that  oC 
the  testing  circuit. 
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A  siil)srirutc  for  thi'  Mltcrnating-iurrent  i-inuit.  wliii'h 
is  not  iilw.ivs  inaiuiblc.  is  a  >nuill  imhu-lidii  coil  von- 
iieek'd  as  in  Fig.  o.  A  siiuill  tinfoil  and  ])ai)rr  condenser 
can  lie  ishiinled  across  the  vibi'ator  to  intensify  the  sec- 
ondary current  if  desired,  liut  if  the  cuil  is  lairly 
strong,  this  will  not  he  iiecessarv.  The  secondary  leads 
T  and  T^  are  eoiULected  to  the  commutator  and  used 
wilh  a  receiver,  as  in  Fig.  2. 

A  simpler  source  of  interrupted  current  is  a  couinioii 
hattery  buzzer,  with  test  leads  connected  across  the  vi- 
liraior. 

.\  useful  armature  stand,  two  of  which  are  recpured 
to  sup|H>rt  an  armature,  is  shown,  Fig.  4.  It  consists  of 
;,  ])iece  of  2  to  SVi-i"-  ""o"  piP"-'.  threaded  into  a  cast- 
iron  Hanged  base  having  a  spread  of  preferably  about  16 
to  IS  in.  M  the  top  it  is  surmounted  by  a  pipe  flauge,  and 
a  casting  carrying  two  rollers.  The  latter  permit  of  eas- 
ily turning  even  heavy  armatures,  and  it  is  convenient 
for  overhauling  and  balancing  them.     This  stand  may  be 
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arranged   s^ 
raised  and 


hat    the   armature-bearii 
•ercd  to  any  drsired  heisrht. 


rollers    nuiv 
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SYNOPSIS— Savinn  ,1--,  /„■,■  mil.  of  llir  ami  hill  In  a  <!!- 
rect-cxtrrent  rnilirai/  plant,  avcriujiinj  130,000  Iw.-hr.  per 
month. 

■0. 

In  this  article  will  he  gi\en  in  part  the  details  of  the 
operation  ])ursued  by  an  eiriciency  engineer  in  reducing 
the  coal  bill  of  a  certain  power  plant.  In  this  case  the 
reduction  was  oS  per  cent,  in  the  cost  of  coal  for  making 
direct  current  to  supply  an  interurban  railway. 

The  boiler-room  equipment  consists  of  five  ;).")0-hp. 
water-tube  boilers  equipped  with  hand-fired  stationary 
grates.  Natural  draft  is  furnished  by  two  steel  stacks. 
The  coal  is  Georges  Creek  run-of-mine,  one  of  the  best 
gi-ades  of  bituminous  coal  in  the  country,  running  about 
1  l..-)00  B.t.u.  per  lb.  Practically  all  attempts  to  increase 
efficiency  were  confined  to  the  boiler  room. 

The  plant  had  for  years  nominally  operated  four  boil- 
ers, burned  on  an  average  about  6T5  tons  of  coal  per  month 
and  turned  out  about  150,000  kw.-lir.  in  the  same  pe- 
riod. The  boilers  were  banked  from  1  to  5  a.m.  The 
total  steam  per  kilowatt-hour  averaged  close  to  54  lb. 

Upon  being  called  to  the  property  the  conditions  exist- 
ing were  not  unlike  those  in  other  j^lants  with  which  the 
writer  has  had  to  deal.  The  average  draft  over  the  fire  was 
0.5  in. ;  the  average  CO^  content  in  the  gases  was  7.5  per 
cent,  in  the  first  pass  and  4  per  cent,  in  the  last ;  the  inter- 
\als  between  firing  periods  were  from  40  to  50  iiiin. ;  the 
fuel  bed  was  carried  about  18  in.  thick  in  front  of  the 
fire  doors  and  from  5  to  10  in.  on  the  rear  of  the  grates; 
the  dampers  could  be  operated  rather  crudely  from  the 
rear  of  the  boilers;  the  settings  were  leaky,  especially 
around  the  doors  and  drums. 

The  operating  force  iie\er  had  any  instruments  for 
testing  at  its  disposal,  or  been  instructed  along  the  lines 
of  efficient  boiler-room  operation.  It  was  necessary  to 
show  that  these  conditions  were  not  good  practice  and 
that  considerable  coal  could  be  saved  by  slightly  changing 
them.  Of  course,  the  usual  protests  were  made,  such  as 
the  varying  load  conditions,  the  inefficiency  of  the  engines, 
poor  coal,  lack  of  help,  etc. 


It  was  linally  made  clear  that  4  ])er  cent.  C0„  indicated 
])oor  furnace  operation,  ami  that  0.5-in.  draft  was  much 
too  high  for  burning  7  lb.  of  coal  per  square  foot  of 
grate  surface  i)er  hour.  The  firemen  were  also  shown  that, 
contrary  to  their  fm-mcr  (ipinJon,  no  mystery  surrounded 
CO^  and  ihc  tbcoi-y  of  draft,  and  that  it  was  unnecessary 
to  understand  the  laws  of  Boyle,  Charles,  Gay-Lussac  and 
Avogadro  to  put  them  into  common,  every-day  boiler- 
room  practice. 

After  interest,  enthusiasm  and  cooperation  had  been 
aroused,  the  work  of  building  up  the  boiler  and  furnace 
efficiency  was  started.  All  the  coal  was  weighed,  the 
water  measured,  and  the  steam  metered — in  fact,  accu- 
rate data  were  kept  on  the  entire  plant.  During  the  first 
2i:  hours  the  firing  intervals  were  reduced  to  about  .10 
minutes,  the  fires  kept  more  even  and  thinner,  the  draft 
cut  down  to  an  average  of  0.;16  in.  over  the  fire,  the  v-ater 
level  kept  more  constant,  and  the  CO^  in  the  last  release 
averaged  7  per  cent.  As  a  result,  the  evaporation  in- 
creased from  an  average  of  G.75  to  7.5  lb.  of  water  per- 
pound  of  coal,  bringing  the  boiler  and  furnace  efficiency  up " 
to  50  per  cent. 

On  the  following  day  the  dusting  doors  were  made  to 
close  tightly  and  many  of  the  air  leaks  were  stopped, 
around  the  drums  and  headers.  The  CO,  ran  7.5  per* 
cent,  in  the  last  pass  and  10  per  cent,  in  the  first,  show-  ' 
ing  that  there  was  yet  considerable  air  leakage.  The 
intervals  between  firing  were  then  cut  to  about  22  miu., 
the  fires  kept  more  even  and  thinner,  and  the  draft 
throttled  down  to  an  average  of  0.20  in.  over  the  fire.  This 
24-hour  period  showed  an  increase  in  evaporation  over  the 
previous  one  and  the  boiler  and  furnace  efficiency  was 
brought  up  to  57  per  cent. 

To  get  still  better  results,  it  was  e.xplained  to  the  force 
that  one  boiler  wotdd  have  to  be  cut  off  the  line  to  give, 
more  nearly  rating  on  them  and  a  slight  overload  during 
the  peaks.  (We  had  been  informed  that  three  boilers 
would  not  i)ull  the  load,  especially  the  peak.)  One 
boiler  wa>  taken  olV.  Iniwcvcr,  and  the  peak  carried  wilh  no 
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i-ecluction  in  tlie  ^tcaui  prussure;  the  draft  being  regulated 
to  take  eare  of  the  extra  denlaud  on  the  boilers. 

To  be  brief,  the  results  of  the  next  four  days  increased 
in  like  proportion  to  those  of  the  first  two  days.  In  the 
meantime,  still  another  boiler  was  cut  off,  leaving  only  two 
lired  up.  On  the  seventh  day  the  firing  was  done  about 
every  12  to  14  min.  On  account  of  other  duties,  the 
iiremen  coukl  not  further  reduce  this  interval.  More 
air  leaks  were  stojiped  and  tlie  C0„  maintained  at  10  per 
cent,  in  the  last  relea.se.  Tlie  draft  was  now  about  O.M 
ill.,  the  fires  approximately  10  in.  thick  and  the  bare 
spots  scarce.  The  results  then  were:  Evaporation.  10.4 
!b.  per  pound  of  coal;  coal  ]ier  kilowatt-hour,  .").  I  lb.:  ef- 
ficiency, ()S).5  per  cent. :  this  is  a  reduction  on  coal  costs 
alone  of  40   per  cent. 

Since  tins  work  of  several  months  ago,  the  reduction  in 
fuel  has  averaged  o5  per  cent.  With  coal  at  $'^  per  ton, 
this  means  a  saving  in  this  plant  of  over  $700  per  month. 

\\\  1Ieni:y 

The  determination  of  thermal  efficiency  is  usually  ba.-ied 
on  the  fuel  consum])tion  jjer  brake  horsepower-hour.  As 
specific  gravity  and  liquid  measure  often  enter  into  the 
problem,  calculation  of  the  efficiency  becomes  a  tedious 
process.  However,  these  calculations  can  he  readily 
solved  by  a  logarithmic  chart,  from  whicli  the  thermal 
efficiency  can  be  determined  from  the  fuel  con.sumption, 
whether  given  in  pints  or  pounds  of  fuel  of  any  specific 
gravity  per  brake  horse]iowcr-hour  or  in  cidjic  feet  of  gas 
per  brake  horsepowei'-hoiii'. 

The.<e  various  clas,<es  of  fuels  coxer  the  field  (if  the 
sources  of  energy-,  for  heat  engines,  and  include  gasoline, 
oil,  gas  and  producer-gas  engines,  steam  engines  of  all 
types,  and  even  the  hot-air  engine. 

This  chart  will  be  found  ])artiiularly  convenient  in 
running  tests  with  gasoline  and  oil  engines,  with  which 
the  fuel  consumj)tion  is  measured  in  pints  per  brake 
horsepower-liour,  while  in  tlie  Die.sel  and  often  in  the 
semi-Diesel  type,  it  is  measured  in  ])ounds  per  brake 
horse])ower-hour. 

It  is  always  necessary  in  finding  the  thermal  rllicicncy 
to  know  th(!  ninnljer  of  I'.iitisb  thermal  unit.-  in  the 
fuel  used.  This  is  jiarticularly  true  in  the  case  of  the 
hot-bulb  type  of  oil  engine,  which  burns  such  a  variety 
of  fuels,  witli  such  a  range  in  specific  gravity  an<l  calor- 
ific value. 

AVICIIA';!':  HE.AT  VALCIO.S   I''Oll  A    NCJIBER  OF   FUlil^S 


Fuel 
•  iasolin 

Naphtha     0 

Kerosene  . 
DlBtniate  . 
Aleohol  .  .  . 
Penn.  crude 
on  BUS  .  .  . 
Coa" 


Specific 

B.t.u. 

Giavlty 

B.t.u.  per  LI). 

per  Cu.  Ft 

D.(>r>-0.72 

18,000 

0.74 

18,000 

0.7S-n.S2 

20,000   to  22,000 

O.SO-O.'.IO 

17.000   to  20.000 

0,79 

12.000 

0.!)2 

21.000 

caa 


Water   (tas    

I'roriucer    Kas    .  .  .  . 
Blast   furnace   gas 

Natural    pas     

Bituminous    co.il 
Anthracite  coal   ..  . 
Coke    


1  4.000 
n.RflO 
13.500 


1,000 
fiSM 
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As  an  c.vaniple  in  the  use  of  the  chart,  find  the  tlier- 
iiial  efficiency  of  a  hot-bulb  engine  which  liunis  0.7  j)int 
of  distillate  jier  bi-ake  lior.sepowei--liour  (0.8."i  specific 
gravity,  and  B.t.u.  20,000).  .Move  to  the  right  up  the 
diagonal  line  of  0.7  jjint  to  the  horizontal  line  of  0.85 
specific  gravity,  then  on  the  diagonal  to  the  left  to  O.C.I 


pound:  then  to  the  right  on  the  diagonal  to  the  hori- 
zontal B.t.u.  line  of  20,000.  and  on  the  diagonal  to  the 
left  to  20.9  per  cent,  thermal  efficiency. 

Bt.u.  per  Cubic  root  of  Gos 


C'm.m,i-  loii 


Specific  Gravity 
10*  n'a*  35*45'  58*  71*  875' 
Oavrn4 
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syyOPSIS—Dcsciibes  the  100,000,000-gal.  lurhinc- 
(Iriren  De  Laval  centrifugal  pump  for  the  Rons  pumpiiii/ 
sfalion,  Pitlsbiin/h,  Peitn.  The  performance  data  of  the 
pump  are  given. 

About  two  years  ago  the  water  department  of  Pitts- 
burgh asked  for  bids  on  a  pump  to  be  installed  at  the 
Ross  pumping  station  to  handle  100,000,000  gal.  per  day 
against  a  total  bead  ol'  56  ft.,  ineluding  18  ft.  sutlidii 
lift,  pumping  from  the  AUegheuy  River  into  tlie  Aspiii- 
wall  tiltratiou  plant.     The  pumping  engines  previonsly 


measurements  were  made  at  the  turbine  exhaust  by  mer- 
cury colunui,  and  barometer  readings  were  obtained  every 
hour  Ironi  the  U.  8.  Weather  Bureau.  The  ronden.sate 
fi'iim  the  surface  condenser,  which  included  also  the  ex- 
haust from  the  dry-air  pump,  was  weighed  in  two  tanks 
on  ca]il)rated  platform  scales.  The  discharge  pressure  of 
the  ])unip  was  measured  by  means  of  a  spring  gage  at- 
iac  bed  to  tbe  di.seharge  pipe,  close  to  the  discharge  ilange 
111  the  jnuiip.  T!ie  gage  was  calilirated  by  means  of  a 
<lead-weig]it  tester.  The  suction  lift  was  measured  by 
a  mercury  colunm  attached  close  to  the  suction  flange  of 


Etc.  1.     TiiK  100,000.00()-(;.\i..  I'lMr  k 

installed  were  reciprocating  engines  driving  centrirugal 
pumps.  However,  the  possibility  of  securing  turbine- 
driven  centrifugal  pumps  suggested  to  the  eugineers  a 
careful  canvas  of  the  situation,  the  more  so  as  the  recent 
introduction  of  reducing  gears  of  large  capacity  had 
for  the  first  time  made  possible  the  combination  of 
liigh-efBciency  turbines  with  standard-speed  pumps. 

The  apparatus  selected.  Fig.  1,  is  a  pressure-.stage 
turbine  driving  a  single-stage  centrifugal  jDump  by  means 
of  a  double  helical  speed-reducing  gear,  all  built  by  tlie 
De  Laval  Steam  Turbine  Co.,  of  Trenton,  ISi".  J.,  and 
guaranteed  to  give  a  duty,  including  all  steam  and  power 
used  by  auxiliaries  of  115,000,000  ft.-lb.  per  1000  Ih. 
of  dry  steam  at  150  lb.  pressure  gage. 

A  ten-hour  acceptance  test  for  duty  and  capacity  was 
made  and  readings  taken  every  ten  minutes.  The  steam 
pressure  was  nieasiired  above  and  below*  the  governor 
valve  b}'  gages  which  were  calibrated  after  the  test,  while 
moisture  was  measured  by  a  tlirottling  calorimeter  at- 
tached immediately  above  the  throttle  valve.     Vacuum 


•For  an  analysis  of  the  advantages  of  turbine-driven  cen- 
trifugal pumps,  see  Mr.  Gibson's  article  in  the  Oct.  6  issue, 
page   4S9. 
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tlic  pump,  51/2  ft.  Ix'low  the  center  line.     The  pump  as 
installed  in  tlie  station  is  sho^^^l  in  Fig.  2. 

The  capacity  was  determined  by  a  venturi  meter  of  48- 
in.  throat  diameter,  the  flow  being  indicated  by  a  mer- 
cury manometer,  the  scale  of  which  was  graduated  in 
million  gallons  jjer  day.  Shortly  before  the  official  test, 
the  venturi  meter  was  calibrated  by  a  volumetric  test 
of  one  hour's  duration.  Wliile  the  pump  was  discharging 
into  the  receiving  Imsin  at  the  filtration  bed,  the  elevation 
fif  the  water  in  this  basin  was  taken  every  five  minutes, 
botli  \>\  a  hook  gage  and  a  Y-level,  the  total  rise  in  the 
liasiii  during  the  one  hour's  run  being  4.55  ft.  This 
sh(n\-(Hl  that  the  scale  furnished  with  the  venturi  manom- 
eter was  .slightly  lower  than  the  actual  capacity  obtained 
in  the  volumetric  test,  the  average  reading  of  the  scale 
during  one  hour's  run  being  97,250,000  gal.  per  day,  and 
the  actual  cajjacity  from  the  rise  m  the  basin  being  98,- 
170,787  gal.  As  100,000,000  gal.  per  day  on  the  scale 
corresponds  to  a  reading  of  214  hi.  of  mercury,  the  co- 
etficient  of  the  venturi  tube  is  0.967,  while  the  volumetric 
test  gives  0.976,  which  would  seem  more  likely  for  a  \cn- 
turi  tube  of  this  size. 
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The  following  is  a  Muiiiiini-v  of  the  priiu-ipal  data  : 

steam    pressure   at   throttle    151.07  lb. 

Xozzle    pressure     14.').S     lb. 

Vacuum     27. S7  in. 

Vaccum   (corrected) 2S.3S  in. 

Speed    344.7  r.p.m. 

Capacity    from    venturi    meter 101,650,794  gal.  per  24  hr. 

Capacity     (corrected)      102,610,000  gal.  per  24  hr. 

Capacity,  gal.  per  minute 71,260 

Total   head    5S.713    ft. 

Water   hp 1056.9 

Total   steam    (for   10   hr.    15    min.)    179.442  lb. 

Steam    per   hour    17,506  lb. 

Duty    119,500,000    ft.-lb. 

Steam  per  water  horsepower   ,   16.59  lb.   per  hr. 

Electrical  hp.  consumed  by  circulating  and  hot 

well    pump    motors    16.211 

The  electrical  input  to  the  circulating  pump  and  hot- 


iiing  at  olo  r.p.uu,  the  official  test  .showed  oulv  102,00(1,- 
000  gal.  at  the  .same  speed.  That  the  excessive  suction 
lift  and  the  presence  of  air  were  detrimental  was  also 
evident  by  shocks  in  the  suction  line,  wliich  were  not 
experienced  when  the  pump  was  rumiing  with  the  nor- 
mal suction  lift. 

The  pump  is  of  the  double-suction  type,  with  18-in. 
inlet  and  outlet  openings.  The  casing  is  split  horizon- 
tally and  both  suction  and  discharge  openings  are  in 
the  bottom  part,  the  suction  opening  connecting  directly 
to  a  \ertical  suction  pipe  coming  up  between  the  bearing 
pedestals,  which  are  independent  of  the  pump  casing 
proper.  The  casing  cover 
can  therefore  be  removed 
without  disturbing  the  suc- 
tion and  discharge  connec- 
tion,-;, giving  immediate  ac- 
cess to  the  impeller  and  to 
all  other  internal  parts  which 
may  l)e  lifted  out  after  re- 
moving the  bearings  caps. 
The  impeller  is  of  bronze,  and 
is  mounted  upon  a  steel 
shaft,  protected  by  bronze 
sleexes  which  abut  against 
the  impeller.  The.se  serve  to 
jirevent  corrosion  by  the  wa- 
ter and  to  receive  any  wcai- 
due  to  the  jiackings. 

A  centrifugal  pump  is 
most  likely  to  wear  at  the 
points  where  the  impeller 
runs  close  to  the  casing,  sep- 


FiG.  2.     View  of  Priip  ix  the  Station^ 

well  puiii])  ni()l(jrs  was  measured  by  portalile  caliiirated 
instruments.    The  iiii])ellcr  is  sJiown  in  Fig.  •'). 

According  to  the  contract,  the  steam  to  be  charged 
against  the  turbine  for  driving  the  auxiliaries,  was  to  be 
the  electrical  horsepower  consumed  by  the  nwjtors  niulti- 
])lied  i)y  the  steam  rate  of  the  main  turbine  per  Avater- 
horsepower,  although  in  stating  the  duty  of  the  main 
unit,  it  would  seem  more  reasonable  to  make  the  com- 
pari.son  on  the  basis  of  shaft-horsepower,  since  the  auxil- 
iaries niiglit  have  been  arranged  to  be  driven  by  the  main 
turbine,  wliilc  the  method  sjK'cilied  penalizes  the  main 
turbine  for  the  inefticiency  of  the  pump  and  that  of  the 
motor.  However,  taking  the  conditions  stated,  H!.2(i  elec- 
trical jiorsejiower,  at  Ki.-j!)  lb.  of  steam  per  water-liorse- 
]iower-hour,  amounts  to  2^0  lli.  per  hr.,  so  that  the  total 
steam  consumption  of  the  unit  would  be  I  i,'i1()  lb.  per  hr., 
giving  a  duty,  including  auxiliaries  of  117, 100,000  ft.-lb. 
per  1000  11).  of  steam.  The  (|uality  of  the  steam,  however, 
was  only  O.Oi  7,  so  that  tiie  duty  based  on  dry  steam  would 
be  ]22,:!00,000  ft.-ll).  and  the  steam  per  water-Iior.sepower, 
16.2,  making  the  additional  consuiniition  on  ai-ount  of  the 
c-irculating  and  hotwell  pump  motors.  2(i;!  lb.  ]irr  hr.,  uv 
a  corrected  duty  of  1 20,."i00.000  ft.-lb.  with  dry  steam, 
iiK-ludinu'  all  auxiliaries. 

Due  to  the  small  size  of  tlie  intake  and  to  low  water, 
a  certain  amount  of  air  entered  the  suction  pi)ie,  )M'ob- 
ably  rediuing  tiie  iai)acity  and  also  the  duly,  for  while 
a  test  conducted  at  the  builder's  works  and  later  readings 
at  Ross  pumping  station  taken  under  normal  water  con- 
ditions showed  a  deliverv  of  IOH.000,000  gal.  when  ruii- 


Fic;.  '■).     SiiowiNti  TiiK  Lmi'ki.lei? 

arating  tlu!  suction  from  the  di.sciiarge  cliainlier.  The 
|)ressure  forcing  water  back  from  the  discharge  (o  the 
suction  at  tiiis  ]»oiiit  is  liie  full  head  develojied  by  the 
juini]).  Originally,  centrifugal  ])umps  were  ]irovided  with 
smooth  cylindrical  or  flat  surfaces  at  this  point,  result- 
ing in  consideral)le  leakage  initially  and  greater  leakage 
later  on  as  the  clearance  increased  by  cutting  by  water 
or  wear  from  particles  of  grit  and  other  foreign  matter. 
To  re|)air  this  damage  cpiickly  and  inexpensively  remo\- 
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alilo  ringj,  Fitr.  4,  were  attached  to  the  casing  and  to  the 
impeller.  In  the  i)i'esent  pump,  these  ringt!  are  of  a  spe- 
cial type,  iiaving  tongues  and  grooves  which  interlock 
with  one  another  to  form  a  labyrinth.  One  pair  of  rings 
is  securely  attached  to  the  impeller  while  the  other  his  in 
lecesses  in  the  casing  and  may  l)e  lifted  out  with  the  im- 
jjeller. 

The  complete  pump  measures  11  ft.  lengthwi.se  of  the 
shaft  and  10  ft.  high.  It  is  supported  on  a  bedplate  which 
is  independent  of  the  turbine  and  gear  bedplate. 

The  space  occupied  by  the  turbine  complete  is  12>/2 
ft.  in  length  and  91/2  ft.  in  height.  The  turbine  shaft, 
running  at  3C00  r.p.m.,  is  connected  ]>\  a  flexible  coup- 
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ling  to  the  pinion  of  the  double  helical  reducing  gear, 
which  in  turn  drives  the  pump  at  a  speed  of  350  r.p.m. 
The  teeth  are  of  the  involute  type,  and  are  inclined  at  an 
angle  of  45  deg.  to  the  line  of  contact,  so  that  20  teeth 
are  in  contact  in  each  pinion  at  one  time. 

The  bearings  of  both  pinion  and  gear  rest  in  seats 
scraped  to  dimensions  in  a  rigid  cast-iron  gear  casing, 
by  which  they  are  held  permanently  at  the  center  distance 
for  which  they  were  designed. 

The  condenser  equipment  differs  from  the  usual  in 
that  instead  of  a  so-called  '"water  works"  condenser  in 
the  suction  line,  one  of  standard  type  served  by  an  in- 
dependent circulating  pump  is  employed.  To  have  placed 
the  condenser  in  a  suction  line  passing  water  at  the  rate 
of  100,000,000  gal.  per  day  would  have  given  rise  to  ex- 
cessive friction,  more  than  equivalent  to  the  power  re- 
quired to  drive  the  independent  circulating  pump.  The 
Wheeler  condenser  contains  2360  sq.ft.  of  tube  surface 


and  is  placed  transversely  to  the  axis  of  the  pumping 
unit,  immediately  underneatli  the  turbine,  so  that  the 
condenser  shell  connects  directly  to  the  turlnne  exhaust 
outlet  by  an  expansion  piece  with  free  exhaust  outlet  con- 
nection. The  circulating  pump  is  a  De  Laval  horizon- 
tal single-stage  centrifugal  pump,  driven  by  a  variable- 
speed  motor,  and  is  designed  to  deliver  3000  gal.  per  min. 
against  12-ft.  head  when  running  at  710  r.p.m.  The 
hotwell  pump  is  a  De  Laval  single-stage  centrifugal  pum]i 
with  vertical  shq,ft,  motor-driven  at  1800  r.p.m.  The  air 
]uimp  is  of  the  rotative  dry-vacuum  type,  with  a  5-in. 
steam  cylinder,  12-in.  air  cylinder  and  12-in.  stroke. 

I  It  may  be  of  interest  to  note  that  the  following  cities 
have  decided  to  iu.stall  similar  pumping  units,  thougli 
not  so  large,  the  capacities  ranging  from  61/^  million 
,to  30  million  gallons:  Philadelphia,  Toronto,  San  An- 
'tonio,  Cleveland,  Omaha  and  Lynn,  Mass. — EniTOR.] 


Tbc  threads,  us  jiruduied  in  the  Briggs  system,  are 
siiowii  in  the  illustration.  The  taper  employed  has  an  in- 
clination of  1  in.  to  32  to  the  axis,  therefore  the  total 
taper  is  1  in.  to  16  in.,  i.e.,  %  in.  to  the  foot  or  ^^^  in.  to  1 
in.     The  angle  of  the  thread  is  60  deg.  and  its  depth 

ruur-hfths    of    the    pitch,    or    0.8  -,  where  n  equals  the 

nuiuljer  of  threads  per  inch. 

Tiireads  F  are  perfect  at  top  and  bottom.  Back  of 
llicse  are  two  threads  with  perfect  bottoms  but  flat  tops; 
beliind  these  are  the  imperfect  ones  produced  by  the  cham- 
fer oi  the  die. 


J<  -fhf  fop  a: 


Taper  of  Pipe  End'i  per  Ft  'fe  I^''  '"• 
Dep-th  of  Thread(E)--ad%rin 
n= Number  of  Threads  per  Inch. 
,^, .^rfecf  boffvqi_.__  P^'^ect  thread  fop  and  ,^^ 

'  '""'   D.''"f:at  top  ^    ~  t>otfom'(08Diam+4.8)x^   "i 


^       4  Threads _^^  ^^ 

Chamfer  indie      '^  ^  ;.., e-^u^ 

FlG.l.  LONGITUDINAL    SECTION  OF  BRIGGS    PIPE   THREAD 


Briggs'  STAXDAiio  Pipe  Thread 

It  can  be  readily  seen  by  the  foregoing  how  necessary 
it  is  to  have  the  pipe  and  fitting  sizes  match,  so  that  the 
full,  perfect  threads  in  each  will  register  with  the  other. 
A  thread  made  up  more  or  less  than  this  will  result  in  a 
less  perfect  joint. 
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On  page  ()42  of  this  issue  appears  a  sliort  article 
telling  of  a  large  saving  made  in  a  boiler  room  through 
the  efforts  of  an  efficiency  engineer. 

Tiesults  were  obtained  by  the  simple  employment  of 
common  sense  and  by  diplomatic  instruction  of  the  fire- 
men in  better  firing  metliods.  Xothing  of  a  radical  na- 
ture was  done,  and  the  same  results  could  have  been 
brought  about  by  any  engineer  thorougldy  alive  to  his 
work.  Leaks  in  tlie  setting  were  stopped,  the  draft  was 
reduced  to  a  proper  intensity,  tlie  thickness  of  the  fuel 
l>ed  was  lessened,  coal  was  fired  at  shorter  intervals  and 
the  number  of  !)oilers  on  tlie  line  was  reduced.  The  fire- 
men -were  sliown  how  to  i-ead  a  draft  gage  and  were  told 
tlie  proper  intensity  for  the  particular  fuel  burned  and 
the  thickness  of  fuel  l)eil  carried.  The  use  of  the  Orsat 
and  the  relation  of  its  readings  to  economical  combus- 
tion were  not  only  explained  but  the  liremen  were  sluiwn 
directly  the  results  of  their  M-ork.  It  soon  became  cleai' 
to  them  that  a  complete  uiidiTstaiidiiig  of  the  laws  of 
])hysics  and  chemistry  was  nut  necessary  to  obtain  re- 
sults. It  was  not  a  difficult  matter  to  learn  how  to  read 
a  gage,  and  l)y  watching  the  results  of  their  work  under 
the  tutelage  of  a  contpetent  instructor,  good  firing  meth- 
ods were  gradually  api)roac]K'd  and  a  knowledge  gained 
of  how  to  maintain  them. 

It  seems  to  be  the  oj)iiiion  of  many  lliat  the  average 
fireman  is  not  .susceptible  to  cJumging  hai'd-and-fast 
methods  of  firing;  that  be  lias  been  doing  tliis  work  in  a 
certain  way  and  no  duulit  thinks  the  results  he  is  get- 
ting are  the  best  obtainable.  It  is  not  an  easy  matter 
to  swing  any  man  from  his  rut;  his  ways  of  doing  things 
become  fixed  and  the  longer  they  continue,  the  more  dif- 
ficult is  tlie  change. 

Of  coiir.<e,  results  in  tbe  bdiler  room  speak  lor  tlicni- 
selves,  but  accurate  records  are  neces.><ary  with  wliii  h  \i, 
draw  a  comjiarisoii.  Close  account  must  be  ke]it  nf  ilu- 
water,  coal,  labor  eni])loycd  and  the  luitpiit.  niid.  iilxAe 
all,  the  fireman  must  b(^  sbown  \u<\v  to  prddiicc  gdod  re- 
sults. It  is  not  enough  to  hanil  him  a  lug  nf  the  jilant 
all  worked  out  I'nr  his  s])ecial  iienclit.  'Vn  gain  hi>  <(in- 
fidence  it  is  necessary  to  work  with  him  in  the  boiler  iikhii. 
Tell  him  the  reason  for  every  ciiange  made  and  by  iniini> 
of  the  draft  gage  and  the  Oisat.  show  him  the  dii'ect 
results.  Any  man  with  a  s]iark  of  intelligence  Avill  re- 
spond to  sucli  treatment,  llis  interest  will  lie  iironsed 
and  when  bi_'  starts  to  a~k  (|iieslions,  tbe  b:u-dc>t  work  is 
finished. 

Then  is  the  time  U>  bring  mil  tbe  log.  jyct  biin  know 
th'.;  results  he  is  getting  from  day  In  day  an<l  lidni  niontli 
to  iiiontii.  Give  him  ac<'ess  to  good  ])ower-])larit  books 
and  periodicals,  .so  that  in  his  reading  lie  may  draw  a 
comparison  between  other  jilants  and  his  own.  (Jive  him 
a  clean  place  in  wliich  to  work,  wash  and  dress,  and  ])ay 
him  a  suitable  wage  for  handling  the  largest  item  in 
power  costs.     In  other  words,  make  the  fireman  a  real 


cog  in  the  wheel  of  power-plant  operation,  and  see  that 
each  element  is  well  greased  to  preserve  ttniformity  and 
smoothness  of  operation. 

A  saving  of  thirty-five  per  cent,  in  the  coal  bill  is  not 
small.  There  would  not  be  the  same  opportvmity  in  all 
plants,  but  in  the  great  majority  some  saving  could  be 
made.  A  little  pioneer  woi-k  with  the  firemen  at  the 
source  of  steam  power  will  ])ro\e  worth  while.  Try  it 
out  in  your  own  plant  and  let  us  know  the  results. 


^lany  buyers  of  ]i(]wer  and  other  machinery  do  not 
know  how  to  buy.  They  do  not  seem  to  know  e.\actl\- 
what  they  want,  whirb  is  often  natural  and  permissible, 
but  they  should  know  what  is  to  be  expected  of  the  new 
machinery,  and  that  is  what  the  manul'acturer  always 
wants   to   know. 

For  instance,  an  owner  fiiids  that  he  is  burning  too 
iiuicli  ccial.  He  wants  to  invest  in  apparatus  that  will 
net  him  returns.  So,  he  writes  to  a  nianufaetuixT 
who  claims  to  have  the  cure-all.  lie  doesn't  send  any 
l)lant  details,  ju.st  a  letter  saying:  '"How  much  would 
it  cost  to  install  your  apparatus?  AVe  have  return- 
tubular  boilers  and  a  noiicondensing  Corliss  engine.    We 

iiciw  use  pounds  of  coal  jier  yeai-.      I  low  imieli 

wiiuld   you  apparatus  save?" 

The  jnanufacturer  rejdies  with  a  general  letter,  stating 
what  Ills  apparatus  has  done  for  others,  names  his  price, 
asks  for  pipe-connection  details,  sends  a  catalog  or  so,  and 
rests  his  case. 

The  buyer  sends  the  pijie  details  and  asks  for  more  in- 
formation. He  receives  an  immediate  i-i'ply,  consisting 
princijially  of  sales  arguments. 

-Vfter  an  exiliange  of  a  few  more  leltcrs,  in  wliich 
llu^  manuracfurer  usually  shows  the  upper  band  liecause 
of  his  better  knowledge  of  efficiency  apparatus,  flie  buyei' 
succumbs  and  buys,  and  there  the  deal  ends.  Sometimes 
the  sale  is  made  e\cii  more  quickly  than  tins. 

Tlu'  nianiifaclui-ei-  is  not  di.shonest.  I'be  a|)paratus  he 
st'lls  douiitless  improves  economy,  and  the  biiyei'  may  be 
perfectly  satisfied,  but  that  docs  not  say  hi'  maile  the  best 
investment.  It  is  better  than  none  at  all.  luit  be  did 
not  make  the  most  of  his  op|)ortunitics,  because  be  did  not 
know  how  to  go  about  it.  flis  knowledge  of  modern  ma- 
chinery is  hazy.  He  docs  not  know  what  is  iiest.  .so  makes 
a  blind  stab  at  elficiency  in  general,  using  what  be  thinks 
is  his  liest  judgment. 

The  projier  way  to  buy  jiower  and  other  ma<liiiiery  is  to 
lirst  write  mit  all  power-plant  conditions  in  detail  that 
would  or  might  be  alfected  by  the  new  apparatus.  The 
more  the  manulacturer  knows  about  the  jilant  tbe  more 
accurate  will  be  his  figures  and  rccomiiKuidalions.  .\ 
.sketdi  or  sketclies  should  be  made,  preferably  to  scale, 
siiowing  tiie  present  arrangement  and  giving  the  princi})ai 
dimensions.  Then,  what  the  new  madiincry  is  to  accom- 
plisii  should  be  e.viilained. 
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With  this  done  it  will  be  unnecessary  lor  the  iuauufa<- 
turer  to  write  letter  after  letter.  He  will  appreciate  that 
'"sales  arguments"  will  not  help  him  much,  that  he  is 
dealing  with  a  man  who  knows  what  he  wants  and  who 
wants  "figures"  and  not  argmnents. 

Let  this  matter  be  sent  to  the  manufacturer  with  a 
stamped  envelope  for  its  return,  so  that  it  can  be  sent  to 
competing  firms,  or  ijetter,  let  several  copies  he  made  of 
the  sketches  and  instructions,  so  each  manufacturer  may 
keep  a  set,  and  all  be  working  on  the  proposition  at  once. 

It  should  be  insisted  that  the  new  machinery  must  do 
the  maxinnim  work,  year  in  year  out,  for  each  dollar  in- 
\'csted,  and  the  maker  should  be  asked  to  use  plain,  under- 
standable words  in  his  recommendations  and  guarantees. 
Nothing  should  be  accepted  that  is  not  under.*tood,  and 
no  hesitation  should  be  felt  to  inquire  into  the  why  and 
wherefore  of  every  little  detail.  This  will  prevent  future 
sorrow. 

Neither  should  there  be  any  backwardness  about  re- 
quiring guarantees  under  bond.  That  the  manufacturer 
is  reliable  and  well  established  should  be  determined  at 
the  otttset.  New  firms  will  he  glad  to  be  investigated  thor- 
oughly. 

In  this  way  the  purchaser  docs  not  specify  the  n\achin- 
crv  himself.  The  manufacturer  does  the  si)eci lying.  Vir- 
tually the  problem  is  put  "up  to  him,"  whicii  is  logical, 
liecause  all  wide-awake  manufacturers  are  well  versed  in 
all  modem  power-plant  apparatus  and  will  do  as  much 
for  their  customers  as  possible.  It  is  not  uncommon  for 
firms  to  "turn  down"  orders  and  recommeTul  competing 
apparatus.  They  would  rather  do  this  than  have  their 
own  fail  to  perform  better  work  than  their  competitor's. 
Being  given  conditions  in  detail,  each  niannfaeturer  can 
tell  quite  accurately  whether  or  not  his  machinery  will 
lie  best  and  the  jnirchaser  will  reap  the  benefit. 

Sinniaia   L^©^Ms   ^imd  Bag  Oiaes 

In  this  week's  leading  article  are  the  details  of  a  remark- 
able saving  made  in  a  hotel  power  plant.  The  reduction 
in  operating  expense  was  enormous  for  a  plant  of  its  size. 
The  macliiuerv  was  new  and  shoidd  have  operated  at  its 
highest  efficiency,  but  it  was  the  same  old  story  of  "the 
man  behind  the  gum"  The  hidden  losses  were  allowed  to 
sap  the  vitality  of  the  plant,  little  attention  was  given  to 
operating  schedules  of  the  large  machines  and  the  auxil- 
iaries, and  apparently  there  was  no  effort  to  secure  rea- 
sonable economy  in  the  boiler  room.  Live  steam  was  al- 
lowed to  blow  to  the  four  winds.  True  it  did  it  behind 
iron  walls,  but  an  investigation  would  have  readily  shown 
up  tills  loss.  The  machinery  was  not  kept  in  the  best  con- 
dition and  it  is  clear  that  little  effort  was  made  to  secure 
economical  results. 

All  this  was  changed  when  a  real  engineer  came  on  the 
job.  Strict  attention  to  duts'  was  the  rule.  The  liidden 
losses  were  detected  and  stopped,  and  at  every  possible 
point  a  saving  was  made.  The  boiler  furnaces  were  re- 
modeled and  produced  results  sixtv'  per  cent,  better.  Op- 
erating schedules  were  carefully  planned.  Complete  rec- 
ords were  kept  and  interpreted  by  an  engineer  thoroughly 
familiar  with  Ms  work.  It  is  not  surprising  that  a  sav- 
ing was  made,  bt:t  the  size  of  it  emphasizes  the  impor- 
tance of  stopping  the  small  leaks  and  avoiding  the  big 
ones.  The  latter  are  usually  visible,  but  the  former  re- 
qttire  constant  vigilance  and  attention   to  dut}-  at  all 


times.  It  is  the.se  small  losses  wnu-h  in  the  aggregate 
4etermine  the  status  of  a  plant  and  their  detection  tlie 
caliber  of  the  entrineer. 

Tlie  relation  between  tbe  asii  content  and  the  value  ot 
coal  used  as  a  fuel  is  a  matter  of  special  interest  to  [)Owev- 
plant  cTigineers.  Unfortunately,  but  little  has  been  pnli- 
lished  in  the  technical  press  regarding  the  findings  of 
those  who  have  investigated  the  subject  to  determine  the 
real  value  of  the  fuel  supplied  to  the  boiler  furnaces. 

Natui-ally,  the  freight  charges  have  much  to  do  with 
the  final  value  of  coal  as  a  fuel,  and  there  is  no  economy 
in  purchasing  coal  containing  :50  or  40  per  cent,  ash,  upon 
which  a  high  rate  of  freightage  is  charged  and  from 
which  no  heat  value  is  obtained  in  return  for  the  expendi- 
ture ;  there  is  also  the  cost  of  ash  removal.  Where  power 
plants  are  close  to  the  coal  fields,  coal  with  a  higii  ash 
content  would  be  worth  considering. 

In  Power  of  Sept.  22  there  was  published  an  article 
dealing  with  the  question  of  ash,  and  on  page  ()49  of  this 
issue  is  another.  It  is  interesting  to  compare  the  two  find- 
ings as  one  article  deals  with  anthracite  and  the  other 
with  Intuminous  coals. 

Mr.  Ellis  found  that  the  best  results  could  not  be  ob- 
tained from  coals  having  an  ash  content  greater  than 
fifteen  per  cent.  He  allowed  one  and  one-half  per  cent, 
depreciation  in  the  coal  value  for  each  one  per  cent,  of 
ash  content,  and  rejected  as  worthless  any  coal  above  fif- 
teen per  cent. 

An  article  in  the  April  2."),  IDll,  issue  by  A.  Bement, 
analyzing  the  coal  problem,  gives  valuable  data  concern- 
in^-  tlie  ash  content  in  coal. 


We  understand  that  the  New  York  Public  Service 
Commission  is  about  to  render  a  decision  relative  to  the 
rates  of  the  New  York  Edison  Co.  This  is  the  outcome 
of  several  complaints  which  have  been  pending  for  the 
past  two  years.  The  apparently  slow  progress  has  fre- 
quently been  the  subject  of  severe  critici.sm,  but,  con- 
sidered from  all  angles.  Commissioner  ilaltbie  is  to  he 
commended  for  proceeding  cautiously  in  his  endeavor  to 
ascertain  all  the  conditions  and  thus  arrive  at  sound  con- 
clusions. 

One  noticeable  feature  of  the  hearings  has  been  the 
apparent  change  in  attitude  of  the  officials  of  the  Edi- 
son company,  who,  at  first  were  almost  dogmatic,  but  as 
the  hearings  proceeded  gradually  receded  from  this  stand 
and  began  to  show  a  greater  willingness  to  cooperate 
with  the  Commission,  especially  in  furnishing  infor- 
mation. 

AYith  the  complexity  of  service  conditions  in  a  city 
such  as  New  York,  the  establishment  of  equitable  rates 
is  no  easy  task,  but  it  is  hoped  that  the  decision  will  be 
such  as  to  settle  the  question,  and  not  make  recourse  to 
the  courts  necessary. 

Even  such  a  cold  and  chilled  profession  as  that  of  the 
refrigerating  engineer  is  affected  by  the  war.  The  .sec- 
retary of  the  International  A.ssociation  of  Refrigeration 
announces  that  the  publication  of  the  Bulletin  has  been  ' 
suspended,  owing  chiefly  to  lack  of  cooperation  by  fliose 
from  the  countries  now  engaged  in  hostilities. 


Xovonilier  ?>.  T.lll: 
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In  testing  the  eapaoity  of  eai-h  well  separately,  I  found 
that  they  were  not  delivering  the  right  amount  of  water. 
Like  Mr.  Lacy  (page  504,  Oct.  6),  I  lifted  the  air  lines 
and  found  the  same  kind  of  a  foot  piece.  I  changed  it,  and 
increased  the  size  of  the  air  pipe  to  ly^  in.  from  the  air 
receiver  to  150  ft.  down  the  well.  Then  I  put  on  a  bull- 
head tee,  Ii4x34x%  in.,  with  two  %-in.  street  ells,  having 
'')4xi/j.-in.  bushings  and  V4"iii-  nipples  3  in.  long,  screwed 
into  the  street  ells,  making  sure  to  turn  the  ells  looking 
lip.  If  ^ir.  Lacy  will  do  the  same  I  am  sure  he  will 
liave  no  further  trouble. 

.Michael  A.  (Ji'ickeh. 

Bclniar.  X.  J. 

Stle8iEmi°(0rSi^®  (C©iniiaecSi®invs 

On  p.  427,  Sept.  22,  C.  E.  Anderson  describes  a  change 
in  the  steam-gage  pi])ing.  How  would  opening  the  blow- 
off  cock  remove  the  sediment  in  that  gage  pipe?  It  would 
drop  down  past  the  blowoff  connection,  settle  in  the  hot- 
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torn  of  tile  |>i|ie,  and  could  not  he  cleared  wiilKiiit  re- 
moving the  gage  and  blowing  througii. 

The  cdil  is  oi"  no  use,  as  the  trap  in  tlie  |ii|ie  would  ])n)- 

tect  the  gage.    A  gage  connection,  as  shown  in  Kig.  1,  is 

considered  good  practice,  and  Fig.  2  is  recommended  by 

the  Hartford   StcaM    I'.oiler   Insjiection  &  Insurance  Co. 

FoifllKST  1?.  Carpextei!. 

Salmon  Falls,  N.  11. 


Without  doubt,  the  drain-out  cock  Ava.s  placed  at  the 
lowest  point  to  drain  out  all  |)articles  of  dirt  or  scale.  The 
old  connection  is  advi.scd  by  boiler  makers,  insurance  com- 
panies and  ins))cetors  as  the  best  for  all  practical  pur- 
poses. 


If  Mr.  Anderson's  new  connection  should  happen  to  fill 
at  the  lowest  point — and  I  cannot  see  what  will  prevent 
it — he  will  have  to  take  off  the  steam  gage  to  blow  it  out 
and,  worse,  he  could  not  tell  if  it  was  filled  until  his  gage 
did  not  work  right. 

The  remedy  is  much  the  same  as  if  his  fireman  should 
iiappen  to  leave  the  boiler  blowoff  open  long  enough  to 
burn  the  plates  or  tvbes  and  he  should  move  the  blowoff 
connection  up  a  few  feet. 

Barcii   Smith. 

Xewark.  Ohio. 


Li  an  address  before  tlic  meeting  of  the  Xational  Elec- 
tric Light  Association  in  Philadel]ihia  last  June.  Elbert 
Hubbard  in  substance  said  :  "Darn  the  man  that  plagiar- 
izes your  thoughts  before  you  have  an  o]iportunity  to  ex- 
press them  yourself."'  This  is  brought  to  mind  by  the 
article  in  the  Sept.  22  issue  on  the  "'Influence  of  Ash 
Content  of  Coal,"  and  the  fact  that  I  have  purposed  pub- 
lishing tlie  results  of  some  investigations  we  have  been 
making  on  ash  content  in  coal. 

As  the  article  dealt  with  anthracite  coal  and  our  in- 
vestigations considered  bituminous  coals  exclusively,  it 
may  prove  of  interest  to  compare  the  results  of  the  two 
findings.  We  undertook  to  ascertain  the  exact  relation- 
ship between  the  ash  content  and  the  value  of  the  coal  un- 
der our  conditions  of  o])e ration.  The  relationship  discov- 
ered is  believed  to  hold  closely  in  the  average  plant. 

!Most  contracts  for  coal  purchased  upon  the  basis  of  its 
heating  value  are  ])rcdicated  upon  the  hypothesis  that  the 
value  of  (lie  coal  closely  ajiproximates  the  xalne  indicated 
by  the  inlorimeter.  Practically  all  of  such  contracts 
seem  to  recognixe  tliat  the  ash  content  inlluences  this 
value  and  they  penalize  an  excess  of  ash.  No  contract 
under  the  writer's  attention  has  r,tleni])ted  to  jieualize 
tlie  ash  content  on  any  otiier  than  an  empirical  basis, 
and  the  article  referred  to  is  tin-  lirst  seen  that  lias  at- 
tempted the  .solution  of  the  ])roblem. 

Our  starting  jioint  was  the  jiroveu  f:iet,  as  stated  in  a 
bulletin  of  the  coal-testing  plant  of  the  (iovernment.  that 
a  eoal  with  an  ash  content  as  high  as  40  per  cent,  was 
worthless  as  it  was  dilliriilt.  if  not  inqxissible.  to  keep 
it  ignited,  in  an  oi'dinary  lurnace.  We  have  had  no  .such 
coals,  but  bine  bad  them  approximating  :!0  per  cent.,  and 
the  results  lead  us  to  assume  the  correctness  of  the  Gov- 
ernment report. 

Coal  apparently  follows  a  straight  line  rliaracteristic, 
as  regards  its  \alue  in  the  calorimeter  on  a  basis  of  its 
ash  content,  assuming  the  same  diariieter  of  coal,  and  a 
nearly  straight  line  though  at  a  different  angle,  as  re- 
gards its  u^able  value  in  the  furnace.  This  last  curve 
drops  a  little  as  the  ash  content  nears  :iO  jier  cent.,  be- 
ginning to  dro))  at  about  20  per  cent.,  and  presumably 
this    increases    in    curvature    toward    the   point   of   zero 
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value.  These  results  seem  similar  to  those  for  anthnnito 
coal  in  the  previously  mentioued  article. 

Since  the  personal  equation  of  the  fireman  oreatly 
affects  the  results  obtained  from  the  same  coal  on  two 
successive  days  or  different  parts  of  the  same  day,  it  is  dil'- 
ficult  to  kee])  all  of  the  factors  the  same  in  a  comhusfion 
test  and  the  results  are  approximate  at  best. 

It  is  also  remarkable  to  note  the  closeness  of  the  fornuila 
Ave  have  been  using  to  evaluate  our  coal  to  the  re.^ults  ob- 
tained by  5Ir.  Philo.  Because  the  ciirve  begins  to  dro]i 
rather  rapidly  between  20  and  30  per  cent,  ash  and  in 
])ractice  we  iise  coals  having  an  ash  content  of  1.5  per  cent, 
or  less,  we  have  settled  upon  li/^  per  cent,  depreciation  in 
the  coal  value  for  each  1  per  cent,  of  ash  content :  we  reject 
as  wortliless  for  our  uses  any  coal  above  1-5  per  cent,  ^^'ero 
we  closer  to  the  coal  fields,  with  consequent  lower  rate  on 
coal  freight,  it  would  prol)al)ly  pay  us  to  consider  coals 
with  higher  ash  content,  l)Ut  under  our  conditions  wc 
cannot  afford  to  pa}'  freight  on  the  ash. 

In  practice,  then,  in  estimating  the  probable  value  of 
coal,  we  use  the  formula : 

;        /•       ;  C  +  F  +  r 

rolue  nfroal  =  j.j„__^jij-^^JJ„,,  j,,^  ceuL) 

wIktc 

('  =  Cost  of  coal  at   mine  per  tun; 
F  =  Freight  rate  per  ton  : 
r  =  Cnloading  cost  jjcr  ton; 
/)./.».  —  Heat  value  Ijy  calorimeter  per  ton. 
Considering  the  lirenian  and  the  inability  to  keep  our 
conditions  exactly  constant,  tiiis  fornuila  gives  us  results 
as  nearlv  correct  as  we  can  determine.     In  otlier  words, 
the  errors  cau.sed  by  its  use  are  well  within  the  errors  of 
ol)servation  and  mcasurinii  instruments. 

R.  L.  Eij.is. 
8elnia,  Ala. 
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The  accompanying  diagrams  were  taken  with  a  5(1-11). 
spring  from  the  high-pressure  cylinder  of  an  18  and  3"?  l)y 
■21-in.  condensing  engine  running  at  GO  r.p.m.     The  cu- 
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gineer  in  charge  says  the  engine  is  doing  very  good  work, 
and  gives  no  trouble  except  for  a  very  heavy  pound  wben 
llie  rod  passes  the  centers.  Can  anyone  tell  what  the 
trouble  is  as  indicatetl  by  the  diagrams? 

Thojias  ;MiA'amm. 
Xcwaik.  X.  J. 


An  oil  scpai-ator  connected  as  shown  in  Fig.  1,  did 
not  remove  the  oil  from  the  exhaust  of  a  number  of  steam 
jnimps  in  a  case  where  5  in.  of  vacuum,  or  2.46  lb.  be- 
low atmo.spherie  pressure,  was  maintained  on  the  ex- 
liaust  steam  main  at  the  point  where  the  separator  was 
coiuiected.  Upon  close  examination  the  reason  became 
apparent.     The  height  from  the  bottom  of  the  seal  to 

^To  Atmosphere 

W.  Yalve 
f    --      %     ,Oil  Separator 


Seal 
To  Sewer 


I  Heating  mam.     r 
T. steam  at S" 
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tlie  exliaust  nuiin  was  only  4  ft.,  so  that  only  4  ft.  X 
O.I.'S4  lb.  =  l.T3()  lb.  below  atmosphere  would  Ul't  this 
seal  to  a  height  where  the  oil  could  be  swept  into  the 
heating  system. 

Figs.  2  and  3  slu)W  how  such  a  condition  may  be  ob- 
viated, either  of  which  arrangements  will  require  a  pres- 
sure of  6  ft.  X  0.434  lb.  =  2.6  lb.  below  atmospheiv, 
to  lift  the  oil  in  the  steam  to  a  height  of  one  foot  i)elow 
the  e.xliaust  main.  Further  change  should  also  l)e  made 
in  this  piping  for  better  oil  sejMration  as  indicated  by  the 
dotted  line  at  B,  Fig.  1. 

If  the  pressures  were  reversed  in  direction — i.e.,  if  a 
back  pressure  of  2.46  lb.  above  atmosphere  was  carried 
on  the  exhaust  main — then  only  3  ft.  X  0.434  =  1.;5 
lb.  gage  pressure  would  be  required  1  >  l)low  out  a  seal 
such  as  shown  in  Figs.  1  and  2. 

T.  W.  Eeyxoli». 

Mt.  Yernon,  X.  Y. 


Under  tlie  aliove  heading  in  Power  of  .July  14.  there  is 
a  description  of  an  accident  to  an  engine.  The  condi- 
tions at  the  time  are  stated  and  the  deduction  is  made 
lliat  water  was  pumped  back  from  the  receiver  into  the 
steam  chest,  which  then  cracked  from  over-pressure. 

With  the  engine  running  forward  and  the  valve-gear  in 
a  forward  position,  I  do  not  see  how  water  could  be  so 
pumped.  Assuming  that  the  piston  is  traveling  toward 
the  head  end,  and  that  the  head-end  exhaust  valve  is 
o]K'n  and  the  steam  valve  closed,  any  water  which  might 
be  in  the  cylinder  would  have  a  chance  to  escape  through 
the  exhaust  valve  until  compression  begins.  If  more  tha  ii 
sufficient  water  is  eutrapped  than  will  fill  the  compre-; 
sion  space  before  the  steam  valve  opens,  then  the  cylindci- 
head  will  likely  be  driven  out,  the  connecting-rod  bent, 
tiie  crankpin  broken,  or  the  main  bearing  split.  After 
the  steam  valve  opens,  the  water  can  pass  to  the  stearri 
chest.  P>ut  there  will  be  might\'  little  of  it,  because  tbe 
])iston  is  about  at  the  end  of  its  travel  when  the  valve 
opens.  This  jn-ocess  would  be  repeated  at  the  crank  end: 
IJierefove  I  do  not  see  how  suflricient  water  could  be  ac- 
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ciuniilated  in  tlie  steam  chest  by  the  piimpinu-  process  to 
damage  it.  The  tendency  would  be  to  reduce  the  amount 
of  water  there. 

It  looks  more  probable  that  the  engine  was  stopped 
in  such  a  position  that  both  valves  were  closed  and  that 
the  throttle  leaked.  Then  when  the  chest  was  full  of 
condensation,  water-hammer  cracked  the  chest.  Of 
course,  there  would  be  noise  from  water-hammer  and 
leakage  from  the  engine,  but  what  of  that?  The  fact  that 
the  separator  drain  was  plugged  and  the  trap  discharge 
valve  closed  shows  that  the  motto  of  the  plant  was  "In 
God  we  trust."  If  the  engine  were  running  backwaj'd 
with  the  gear  in  the  forward  position  or  if  it  were  nui- 
ning  forward  with  the  gear  in  the  backward  position,  we 
would  have  an  almost  ideal  pump,  bixt  we  have  uo  evi- 
dence that  such  was  the  case. 

E.  McLaken. 

^ledicine  Hat.  Can. 


An  engineer  called  my  attention  to  his  home-made 
feed-water  regulators.  He  had  made  them  out  of  odds 
and  ends  of  pipes  and  rods  about  tlie  plant  and  claiius 
to  have  the  simplest  regulator  in  the  world.  I  do  not 
doubt  liis  statement. 

i^Air  Cock 
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Tie  says  they  have  never  fooled  him  yet  and  ho  has 
perfect  confidence  in  tlicni.  The  illustration  is  .self- 
e.\))laiiatory. 

The  ])rocess  is  one  of  lialance,  the  feed  valve  is  w,\\\\- 
taiiiod  in  a  certain  position,  feeding  gradually  and  con- 
finnonsly  maiiitainiiig  an  almost  even  level  of  water 
in  tlie  boiler,  \\ben  the  water  lowers  below  the  second 
page  cock,  steam  enters  the  "ex|)ansion  j)il)e"  and  raises 
the  rod,  opening  the  feed  valve.  When  the  water  in  the 
column  gets  .above  this  gage,  water  enters  the  "cx])ansion 


pipe"'  and  contracts  it,  pushing  the  rod  down,  thus  clos- 
ing the  valve  shutting  off  the  water. 

Luke  Matier. 
Fall  Eiver,  Mass. 

Preparing  to  make  a  brake  test  on  a  small  motor  not 
long  ago,  I  did  not  know  where  to  get  a  water-cooled 
pulley  in  a  hurry,   so   I 


Pulleii 


Flanges  Fitted  to  Pulley 
Xcw  York  Citv. 


made  one  out  of  a  stand- 
ard east-iron  pulley  and 
a  couple  of  welded 
wrought-iron  rings.  1 
first  bored  out  the  in- 
ner edges  of  the  pulley 
rim,  then  turned  the  out- 
side of  the  rings  to  make 
a  driving  fit,  being  care- 
ful, of  course,  not  to 
make  the  fit  so  tight  as 
to  break  the  cast-iron 
pulley. 

So  far  as  I  know,  the 
pulley  never  gave  any 
trouble.  It  leaked  water 
a  trifle  at  first,  but 
rust  quickly  mended  the 
leak. 

S.  F.  WiLsox. 


Once  I  Iiad  to  temporarily  iustall  a  two-liorse])ower 
motor  and  needed  a  rheostat  for  starting  it,  but  did  not 
have  the  necessarv  wire  to  nuike  one.     Therefore,  I  built 
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up  one,  using  ordinary  carpenter's  ])cncils  for  the  resist- 
ance, as  shown  in  the  sketch.  The  results  wore  very  .sat- 
isfactory. 
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It  coii^i.^teil  oC  a  woodi'ii  board  covered  on  one  side  by 
a  slieet  of  asbestos  on  one  I'ace  npon  which  rested  the  part 
that  composes  the  rheostat.  Standard  porcelain  cleats 
were  used  to  hold  the  pencils  and  the  end  connections 
were  made  by  wrapping'  a  thin  sheet  of  copper  around 
the  ends  of  the  pencils.  This  copper,  in  turn,  was  soldered 
to  No.  ]-i  copper  wire,  the  free  ends  of  adjacent  sections 
being  joined.  In  order  to  avoid  breakage  of  the  lead  by 
the  pressure  of  the  cleats,  the  ends  were  protected  by  as- 
bestos cord. 

The  contacts.  A,  were  fixed  on  the  lower  part  of  the 
board  forming  an  arc  of  a  circle  and  the  ends  of  the 
wires  1  to  9  were  attached  to  the  respective  contacts. 

F.  P.  Ampudi.v. 

New  York  Citv. 


lieat  at  the  top  of  the  condenser.  When  the  ammonia 
combined  with  the  scale,  it  formed  the  chalklike  substance 
in  the  pipe.  The  defective  coil  was  located  close  to  the 
obstructed  outlet  and  the  deiDosit  accumulated  here  until 
it  filled  the  pipe.  During  the  winter,  while  the  conden- 
.scr  was  shut  down,  it  hardened  to  a  solid  mass  and  totally 
obstructed  the  outlet. 


Thomas  G.  Tiiurstox. 


Chicaao,  111. 


C^oB!i<sleE!ises= 

The  construction  of  one  of  our  ammonia  condensei's 
is  shown  in  the  illustration.  It  is  of  the  double-pipe  de- 
sign, having  twelve  pipes  to  the  stand  and  two  sections 
of  15  stands  each. 

When  starting  up  this  season,  section  A  ran  nnub 
warmer  than   section   B.  and  the  temperature  would    be 
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practically  uniform  at  top  and  bottom,  when  there  should 
be  about  30  to  30  deg.  difference.  In  warm  weather,  the 
branch  header  and  three  or  four  pipes  up  from  the  bot- 
tom on  section  B  would  be  sweating  while  the  brandi 
header  on  section  A  would  be  perfectly  tlry. 

We  decided  that  section  B  was  getting  more  than  its 
share  of  the  circulation,  and  put  in  a  valve  at  D  to  throt- 
tle the  supply  to  section  B. 

This  proved  unsatisfactory,  because  any  attempt  to 
throttle  the  supply  to  this  section  resulted  in  running 
up  the  annuouia  head  pressure  and  increasing  the  tem- 
pera tirre  of  section  A. 

Finally,  I  put  a  gage  at  the  top  of  one  of  the  coils  near 
the  header  and  shut  off  valve  D.  The  pressure  instantly 
went  up  from  10  to  60  lb.,  the  pressure  carried  at  the 
pump.  Evidently,  the  branch  header  at  the  top  of  sec- 
tion A  was  okstructed.  When  the  caps  on  the  ends  of 
the  branch  header  on  section  A  were  taken  off  and  a 
rod  run  through  it,  a  few  particles  resembling  limestone 
were  brought  out.  liy  hammering  the  branch  outlet  (J 
several  lumps  came  out,  each  large  enough  to  practically 
obstruct  the  piije. 

The  trouble  was  originally  caused  by  a  bad  pipe  allow- 
ing the  ammonia  to  leak  through  into  the  water.  The 
crater  used  is  from  two  artesian  wells  carrying  a  large 
;p mount  of  scale-forming  matter  which  is  deposited  by  the 


It  sometimes  happens  that  there  is  lack  of  cooperation 
between  the  engine-room  and  boiler-room  operators, 
caused  by  the  failure  of  the  former  to  give  prompt  notice 
to  the  latter  in  the  event  of  a  change  in  the  demand  lor 
steam.  It  finds  expression  in  the  shifting  of  respon- 
sibility from  one  side  of  the  wall  to  the  other  for  the 
resulting  low  steam  or  bare  grate  surface.  The  engineer 
blames  the  water  tender  or  man  in  charge  of  the  boiler 
room  for  the  drop  in  pressure,  and  the  water  tender 
blames  the  engineer  for  bare  grates  because  he  cannot 
(ell  when  he  may  be  called  on  for  more  steam.  Aside 
from  the  unpleasantness  arising  from 
such  conditions,  it  lowers  the  plant  effi- 
ciency and  affects  the  coal  pile. 

To  secure  the  best  results,  the  man 
in  the  boiler  room  must  know  at 
all  times  what  is  going  on  in  the  en- 
gine room  and  be  able  to  anticipate 
changes  in  load.  The  following  sig- 
nal system  has  been  successfully  used 
as  a  synchronizer  for  these  two  de- 
pai'tments  by  a  large  ]3lant  in  the  Mid- 
dle West : 

There  are  nine  900-kw.  units  in  the 
engine  room,  each  represented  by  an 
incandescent  bulb  in  the  boiler  room 
and  so  connected  that  when  the  switch  is  thrown  at  the 
board,  cutting  a  generator  in  on  the  line,  a  circuit  is 
closed  with  the  light  in  the  boiler  room  and  the  lamp 
remains  bright  till  the  switch  is  pulled  stnd  the  gener- 
ator taken  off  the  board.  The  lamps  are  inclosed  in  a 
•long  box  having  frosted  glass  sides  and  nine  compart- 
ments, each  numbered  to  correspond  with  the  unit  which 
the  light  within  represents,  so  that  at  any  time  the 
boiler-room  operator  may  tell  at  a  glance  the  number 
of  engines  steaming  and  instruct  his  firemen  accord- 
ingly. 

In  addition  to  this,  there  is  a  gong  system  which  serves 
as  a  warning  to  the  water  tender  or  man  in  charge  of  the 
boiler  room  when  there  is  to  be  a  change  in  load  due  to 
the  shutting  clown  or  starting  up  of  one  or  more  engines. 
One  ring  means  that  less  steam  will  be  required  after 
the  change,  and  two  rings  that  more  will  be  necessary. 
The  warning  is  given,  if  possible,  at  least  half  an  hour 
before  the  change  in  load  occurs. 

Such  a  .system  is  fairly  complete,  and  enables  the 
boiler-room  operator  to  keep  in  touch  with  things  in 
the  engine  room  and  run  the  boilers  more  efficiently. 
When  the  value  of  such  systems  is  realized,  one  wonders 
why  they  are  not  more  generally  used. 

A.    W.    CONKLIN. 

Wvandotte,  Mich. 
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ilr.  OInistead'.s  letter  on  page  ^l,  July  7,  (see  also 
Aug.  4,  page  179,  aud  Aug.  11,  page  317)  recalls  a  time 
I  wanted  to  try  a  system  somewhat  similar,  employing 
waste  exhaust  steam.  After  comparing  the  cost  and  the 
benetits  I  gave  it  up. 

In  marine  practice  the  Howden  system,  in  which  the 
furnace  air  is  heated  by  tubes  in  the  uptake,  is  quite 
old.  Due  to  the  high  temperature  of  the  flue  gas  the  air 
is  raised  to  300  deg.  or  over,  and  combustion  is  very 
rapid,  but  the  grates  burn  out  in  a  short  time.  High 
furnace  temperatures  cause  clinker,  while  the  same  coal 
if  burned  in  an  ordinary  furnace  is  satisfactory. 

ilany  Howdeu  preheaters  operate  economically,  though 
it  is  necessary  to  keep  the  air  temperature  lower  than 
Howden  first  pilanned. 

A  scheme  devised  for  torpedo  boats  consisted  of  a  wa- 
ter-tube boiler  similar  to  the  Thornycroft.  On  the  out- 
side an  iron  casing  conducted  the  air  to  the  grates,  the 
object  being  to  recover  most  of  the  heat  usually  lost  by 
radiation,  aud  incidentally  to  cool  the  fireroom. 

That  any  system  employing  waste  heat  is  economical 
is  not  to  be  questioned,  but  it  is  doubtful  if  the  cost  of 
installation,  maintenance  and  depreciation  is  justified  un- 
less, perhaps,  in  sections  where  coal  is  expensive,  and  even 
then  the  economizer  seems  preferable. 

William  E.  Caldwell. 

Xew  York  Citv. 


In  the  system  of  preheating  air  described  on  page  179, 
Aug.  4,  a  fan  is  so  arranged  that  the  air  used  for  com- 
bustion is  drawn  from  over  the  boilers.  It  is  claimed 
that  much  coal  is  being  saved,  but  I  believe  that  except 

Full-line  arrows  indiccite  the  direction 

of  riow  of  the  hot  gases 
Dotted-line  arroivs  indrccrfe  the  direction 
of  flow  of  fhe"  fresh  air 

^•^pv^        7o  Blower 

To  Chimney- 


from  Chimney 
Fid.    J.       COXSTKITTION    DeI'AILS   OF   ITeATEK 


iM.ilcl 


h  a  system   is  n.-icicss. 


tor  ventilating  the 
if  not  wasteful. 

Tiic  lieat  in  the  boiler  is  derived  from  the  coal,  and 
unless  the  surface  of  the  boiler  is  covered  with  some  non- 
conductor, a  great  deal  of  the  heat  in  the  steam  will  Im? 
lost  by  radiation — and   imagine  how   nnicli   more  when 


lomjiaratively  cold  air  is  continuously  passing  over  the 
boiler.  Of  course,  some  heat  is  retiirned  to  the  furnace, 
but  there  is  a  loss  just  the  same. 

A  system  for  preheating  air  by  utilizing  the  heat  that 
otherwise  escapes  through  the  stack  is  here  suggested: 
Fig.  2  shows  the  heater  H  in  connection  with  an  ordinary 
tubular  boiler.     The  fan  blower  B  is  connected  to  the 


Fig.  2.     General  Outlixe  of  Air  Pkeheater 

heater  by  the  pipe  7,  and  0  is  the  pipe  leading  from  the 
heater  to  the  ashpit.  Pipe  E  connects  the  heater  with  the 
breeching,  the  point  of  connection  on  the  latter  being  a 
little  below  the  damper,  and  the  hot  gas,  after  passing 
through  the  heater,  returns  to  the  i)i-eeching  through  the 
pil)e  L  above  the  dam])er. 

Fig.  1  shows  the  internal  arrangement.  The  air  from 
the  blower,  entering  at  I,  passes  through  and  esca))es 
through  0.  The  hot  gas  from  the  breeching  enters  at 
E;  impinges  against  the  baffle-plates,  then  takes  the 
course  shown  by  the  full-line  darts  in  such  a  way  that 
every  part  of  the  surface  is  heated  by  the  gas  coming  di- 
rectly in  contact  with  it. 

A  wire  screen  secured  to  the  breeching  end  of  the  pipe 
E  will  keep  out  the  cinders  that  would  otherwise  settle 
inside  of  the  heater.  The  air  line  /.  being  comparatively 
large,  reduces  the  air  veh)city  as  it  enters  the  heater, 
thereby  permitting  it  to  remain  in  the  heater  long  enough 
to  absorb  a  large  amount  of  heat. 

As  the  gases  in  the  i)reeching  usually  have  a  tempera- 
ture of  3.50  to  ().")0  (leg.  F.,  it  is  easily  seen  that  the  air 
for  combustion  will  be  given  a  very  high  temperature, 
not  at  the  expense  of  the  heat  that  should  be  ])ut  into 
the  steam  but  l)y  reducing  the  stack  temperature. 

The  beater  is  simple  and  may  be  I'onstructcd  of  Vs"'"- 
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galvanized  iron  and  iV-in-  ir  "i  would  be  heavy  enough 
for  pipes  /  aud  0  to  give  lasting  service.  One  or  two 
haudhole  plates  at  suitable  points  would  be  useful. 

Samuel  L.  Robixsox. 
rrovid.'uce.  R.  T. 

CH^sDap  for  S®,fe^w  VsiSve 

A  rlanip  for  a  safety  valve  to  prevent  it  opening  wheu 
applying  a  hydrostatic  test  to  a  boiler  is  shown  in  tli  J  il- 
lustration. The  clamp  is  placed  over  the  valve,  the  arms 
hooked  under  the  valve  bodv  and  the  setserew  set  down 


£  S  Sefscreiv 


Hinge 


Hinge,, 


^ 


Adjustable  Valve  Clamp 


on  the  spindle  preventing  the  disk  from  lifting.  This 
saves  the  trouble  of  increasing  the  tension  on  the  spring 
and  resetting  to  the  right  pressure  after  the  test. 

W.    WlilGHTSOX. 

Jamaica.  L.  I..  X.  Y. 

The  publicity  given  the  enactment  of  uniform  license 
and  boiler  laws  through  agitation  by  engineering  societies 
should  arouse  sufScieut  interest  among  public  officials 
to  cause  the  passage  of  sound  uniform  rules  and  regula- 
tions governing  the  construction  and  operation  of  steam 
boilers. 

Every  now  and  then  we  hear  of  an  explosion  caused  by 
some  negligent  empl  'yee  or  employer  allowing  a  boiler  to 
be  operated  in  an  unsafe  condition,  either  unknowingly 
or  hoping  that  the  boiler  would  pull  through  the  season 
without  ha\  ing  to  spend  money  to  put  it  in  good  shape. 

Such  a  condition  came  to  my  attention  when  we  were 
called  to  make  a  report  on  a  plant  from  which  severe 
complaints  regarding  the  fuel  had  been  received.  An  in- 
vestigation showed  that  the  boiler  tubes  were  very  dirty, 
the  combustion  chamber  full  of  ash,  even  touching  the 
boiler  shell,  the  bridge-wall  covered  with  clinker  aud  with 
but  little  space  between  it  and  the  shell;  the  air  spaces 
in  the  grate  were  plugged  with  clinker  and  melted  glass, 
the  safety  valve,  of  the  lever  type,  was  stuck  fast  and  the 
blowoff  connections  looked  as  though  they  would  fall 
apart. 

The  engineer  has  been  there  months  and  had  not  "dis- 
covered" that  the  grates  were  of  the  shaking  type ;  neither 


had  he  initiative  enough  to  open  the  boiler  to  examine 
the  interior.  These  conditions  existed  in  a  woman's 
home,  a  semi-charitalile  institution  where  a  large  nuinl)'r 
of  people  were  housed,  and  all  subject  to  the  results  ob- 
tained by  an  incompetent  boiler  operator. 

In  such  cases,  enactment  of  laws  would  be  of  little 
benefit ;  enforcement  is  what  we  really  need. 

.J.  B.  Harris. 

Minneaiiolis.  ilinn. 

Like  E.  R.  Peane.  on  page  465,  Sept.  2!».  I  have  seen 
a  bronze  bearing  heat  sufficiently  to  slow  down  a  1<J5- 
h]).  engine  and  freeze  to  the  shaft  almost  instantly. 

It  was  on  a  40-kw.  generator  and  it  was  a  strict  rule 
to  make  sure  that  the  oil  rings  had  begun  to  revolve  im- 
mediately after  starting  the  engine.  This  was  done  as 
usual  when  the  engine  was  started  at  13  :50,  and  before 
the  load  came  on  at  12  :55,  the  engine  suddenly  slowed 
down  to  less  than  half  speed,  accompanied  by  the  screech- 
ing of  belts.  The  engineer  threw  out  the  clutch  driving 
the  generator.  Upon  examining  the  bearing  it  was  found 
that  but  little  damage  had  been  done  to  it  or  the  shaft, 
although  it  was  necessary  to  use  a  jack  to  get  the  bear- 
ing off  the  shaft.  The  oil  well  was  full  of  clean  oil  aud 
no  defect  could  be  found  in  the  ring,  which  was  revolving 
properly  less  than  five  minutes  before.  This  bearing,  to 
my  knowledge,  ran  perfectly  before  this  and  for  two  years 
afterward.  The  strangest  feature  was  that  the  bearing 
seized  the  shaft  so  firmly  without  seriously  damaging  it- 
self or  the  shaft,  the  generator  being  shut  down  only  four 
hours  as  a  result. 

I.  S.  Chambeelaix. 

Jersey  City,  N.  J. 

When  making  a  prony  brake  it  will  simplify  the  calcu- 
lation if  the  arm  is  of  such  length  that  the  distance  A, 
in  tlie  illustration,  is  63.024  in.,  or  the  radius  of  a  circle 
the  circumference  of  which  is  :53  ft.     If  IF  equals  the 
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weight  on  the  scale  and  .V  tlic  revolutions. 

•2-.-iirA^ 

hp.  -- 


will  be  simplified  to 


Franklin.  Penn. 


hp.  = 


1000 


M.  E.  Griffin. 
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PowEi!  FOR  Lighting 

lu  a  previous  article,  the  cajDacity  aud  size  of  the  main 
generating  set  for  supplying  the  entire  plant  with  power 
was  determined.  The  next  step  is  to  malie  similar  eora- 
putations  for  the  lighting  plant.  As  already  stated,  the 
details  of  this  part  of  the  work  will  not  be  included  in 
the  problem,  our  attention  being  confined  to  supplying 
power  for  the  same.  If  the  lighting  requirements  are 
given  in  watts,  the  capacity  of  the  generator  in  kilowatts 
is  found  by  dividing  this  quantity  by  1000,  aud  increasing 
the  result  a  small  amount,  say  5  per  cent.,  for  transmis- 
sion and  other  losses. 

Sometimes  a  li.st  of  lamps  for  the  entire  plant  is  given, 
with  the  current  in  amperes  required  by  each.  In  cases 
of  this  kind,  the  total  number  of  amperes  nmltiplied  by 
the  voltage  of  the  system  will  give  the  watts,  from  which 
the  capacity  of  the  generator  may  lie  found  as  before.  If 
no  data  are  given,  and  the  power  must  he  approximated 
from  the  plans,  we  may  proceed  as  follows : 

First,  assume  the  lighting  requirements  in  each  build- 
ing, aud  decide  upon  the  type  of  lamp  to  be  used;  then 
assume  the  candlepower  or  watts  required  per  square 
foot  of  floor  space,  and  work  out  the  requirements  along 
this  line  from  dimensions  given  on  the  plans.  All  re- 
sults should  finally  be  reduced  to  watts,  and  from  the  total 
thus  found  the  caj)acity  of  the  generator  can  be  deter- 
mined as  previously  described.  In  general,  erecting  shop. 
foundry,  forge  shoj),  power  house,  storage  space,  etc.,  are 
best  lighted  by  arc  lamps,  sujiplemented  by  incandes- 
cent lamps  at  special  points  if  needed.  In  the  case  of 
the  machine  and  pattern  shops  incandescent  lighting  is 
preferable  on  account  of  the  absence  of  shadows  and  tiie 
ability  to  concentrate  the  light  at  the  point  most  needed. 
Incandescent  lighting  is  also  employed  for  offices  and 
drafting  rooms  for  the  same  rea.'^ons,  and  for  the  softer 
quality  of  the  light.  For  outside  lighting  the  arc  lamp 
is  generally  more  satisfactory.  As  the  power  of  an-  laiii]is 
varies  so  much  under  different  conditions,  it  is  customary 
,to  give  the  requirements  in  watts  per  square  foot  of  floor 
space  when  making  api)roximatioiis  of  this  kind. 

In  the  case  of  incaniiescent  lighting,  candle])()Wer  per 
square  foot  of  floor  space  is  commonly  used,  allowing 
about  31^  watts  per  candlepower  for  lamps  with  carlmn 
filament  and  li/4  watts  for  the  tungsten  lamp.  For  av- 
erage conditions,  the  following  requirements,  taken  from 
"Power.  Heating  and  Ventilation,"  may  be  assumed: 
For  dwelling  houses,  with  brilliant  illumination,  one  can- 
■"  !..iwer  may  be  allowed  for  each  2  to  3  sq.ft.  of  floor 
•  and  for  general  illumination,  one  candlepower  for 
1  to  5  s(|.ft.  of  floor  space,  strengthened  by  special 
'i'<  where  reijuired.  In  the  case  of  oflices,  ))ublic  iialls, 
.' .,  one  candlepower  is  required  for  each  3  to    I   s(|.ft. 

f  space  for  ordinary  fonditions.  while  fi>r  brilliant  illu- 


mination, or  wliere  ceilings  are  very  high,  this  should  jje 
reduced  slightly. 

Drafting  rooms  require  one  candlepower-  for  each  1.5 
to  2  sq.ft.  of  floor  space  to  give  the  best  results.  The  effi- 
ciency of  3.5  watts  per  candlepower  is  for  the  ordinary  16- 
cp.  carbon  light  when  new. 

Wliile  some  of  the  newer  types  of  lamps  have  a  higher 
efficiency,  this  is  on  the  side  of  safety  and  may  be  used 
for  approximate  work  in  case  the  particular  type  of  lamp 
is  not  known.  In  ease  of  arc  lighting,  Table  1  may  be 
used  for  ap]iroxinuiting  the  current  required. 

TABLE    I 
Building-    or  Watts  per 

Room    Lig-iited  Sq.Ft.  of 

Floor  Space 

Machine  shop 0.75 

Foundry    0.6  I- 

Forge   shop    0.6 

Erecting    shop 0.6 

Storage    space 0.4 

Power    house     1.0 

^lultiple-arc  lamps  would  proi)al)ly  be  used  in  the 
present  case,  as  they  can  be  run  at  the  same  voltage  as  the 
incandescent  lamps.  These  are  made  in  different  sizes; 
the  standard  110- volt  lamps  of  the  General  Electric  Co., 
take  1,  (!  and  7.5  amp.  each. 

Taking  up  the  different  Iniildings  and  de])artments,  we 
find  from  the  plans  the  following  fioor  space  to  be  lighted : 

ARC   LIGHTING 

Erecting  space  in  machine  sliop,  sq.ft 16,000 

Foundry,    sq.ft 15,000 

Forge    shop,    sq.ft 5,000 

Storage    space,    sq.ft 14,000 

Power  house    (estimated)   sq.ft 5,000 

Carpenter  and  paint  shops,   sq.ft 3,000 

Ten  outside  lamps. 

INCANDESCENT   LIGHTING 

Machine    shop,    sq.ft 24,000 

Tool  room,  sq.ft 4,200 

Pattern    shop,    sq.ft 4,200 

Drafting  room,   sq.ft 4,200 

Offices,    sq.ft 4,200 

Under  arc  liglit,  the  dirt'ei-cnt  de]iLirtinents  may  lie 
classified  as  follows: 

Erecting  space,  sq.ft 16,000 

Foundry,   sq.ft 15,000 

Forge   shop,    sq.ft 5,000 

(1)  36,000 

(2)  Storage    space,    sq.ft 14,000 

(3)  Power  house,  sq.ft 5,000 

(4)  t^arpenter  and   paint   shops,    sq.ft 3,000 

Taking  the  watts  ])er  square  foot  of  floor  space  for 
the  different  departments  from  Table  1,  and  assuming  the 
requirements  in  the  carpenter  and  paint  shops  to  be  the 
same  as  for  a  machine  sho]).  gi\c's: 

(1)  36,n00     X     0.6 21,600 

(2)  14,000     X     0.4 5,600 

(3)  5,000     X     1.0 5,000 

(4)  3.000     X     0.75 2.250 


Total    watts    34,450 

To  this  must  be  addetl  the  current  reciuired  for  the  out- 
side lighting.     Assuming  tlie  lamps  to  be  the  equivalent 
of  those  requiring  6  amj).  on  a   llO-volt  circuit,  we  have 
the  following  requirements  for  this  purpose: 
Taking  up  tlie   incandescent   lighting  on   a   candlepower 

I  10   X   <!   X    '0   r=   CCOO  //•,(//.s' 
basi.s.  wc  ha\e 

Machine   shop,   sq.ft 24,000 

Tool    room,   B(i.ft 4,200 

Pattern    shop,    sq.ft 4,200 
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Computing  the  lighting  of  group  (6)  on  a  basis  of 
4  sq.ft.  of  floor  spate  to  one  caudlepower;  group  (T) 
on  1.5  and  group  (8)  on  2  sq.ft.  per  candlepower,  and 
assuming  an  efficiency  of  3.5  watts  per  candlepower  gives : 

(G)  ??^  X  3.5  =  2S,330 

(7)  TT  X  S-5  =     O'SOO 

,S,  if?  X  3.5=     7.3.M 

Total  watts   .    .    45,500 

The  total  for  the  plant  would  be 

3-±,-±o0  +  6(j00  +  45,500  =  86,550  watts 
which,  after  allowing  a  5  per  cent,  line  loss,  calls  for  a 
generator  of  practically  90-kw.  eapacit}'. 

In  buildings  like  the  foundry,  forge  shop,  etc.,  it  has 
been  assumed  that  the  entire  lighting  will  be  done  by 
are  lamps,  when,  as  a  matter  of  fact,  a  considerable  num- 
ber of  incandescent  lights  will  be  used  in  each  case.  This, 
however,  wiU  not  affect  the  result  to  any  appreciable  ex- 
tent and  simplifies  the  process  of  computation  some- 
what. The  next  step  is  to  decide  upon  the  number  of 
units  to  use  and  the  method  of  proportioning  the  power 
among  them. 

As  the  lighting  load  in  a  plant  of  this  kind  is  light  dur- 
ing the  day,  and  is  at  a  maxinuim  for  only  a  short  time 
at  morning  and  night,  it  is  desirable  to  have  several  units 
so  arranged  that  as  the  load  increases  their  power  may  he 
successively  added  as  required.  The  relative  size  of  the 
units  is  a  matter  upon  which  there  is  some  difference  in 
opinion.  Wliile  the  best  economy  is  secured  where  large 
machines  are  used  during  periods  of  heavy  load,  and  those 
of  small  size  during  light  loads,  certain  practical  consid- 
erations may  lead  to  a  different  course.  It  is  the  custom 
of  many  engineers  to  divide  the  total  capacitj'  into  three 
units  of  suci  size  that  any  two  of  them  by  running  at  20 
to  25  per  cent,  overload,  can  do  the  entire  work  satisfac- 
torily. This  permits  of  shutting  do-mi  one  unit  in  case 
of  repairs,  and  also  the  three  are  interchangeable  on  the 
work.  With  this  arrangement  only  one  set  of  repair  parts 
need  be  kept  on  hand,  which  is  often  a  matter  of  some 
importance. 

In  some  cases  the  power  is  divided  among  three  units  of 
equal  size,  designed  to  do  the  work  at  their  normal  capac- 
ity', and  an  extra  unit  of  the  same  size  provided  for  use 
in  case  of  an  emergency.  This  allows  for  a  spare  ma- 
cliine  at  all  times  and  allows  for  a  "rotation"  in  the  use 
of  the  different  units. 

A  good  arrangement  in  the  present  case  would  be  to 
provide  tliree  units,  one  of  60-kw.  capacity,  and  tv.x  of  30 
kw.  each.  The  larger  machine  and  one  of  the  smaller  ones 
would  do  the  regular  work,  and  lea\e  a  spare  machine  of 
the  smaller  size.  In  case  of  repairs  to  the  larger  unit, 
the  two  smaller  ones  could  be  used  and  the  remainder  of 
the  load  be  thrown  upon  the  main  power  generator  which 
is  provided  with  a  certain  amount  of  surplus  for  tliis 
purpose. 

Having  decided  upon  the  sizes  of  the  generators,  the 
next  step  is  to  determine  the  indicated  horsepower  of  the 
engines  for  driving  them.  This  depends  upon  the  efficien- 
cie's  of  the  engine  and  generator,  and  is  given  by  the 
formula : 

kw.  X  1000 
'■^'^'-  =  UiTxAxB 
in  which 

i'.A p.  =  Indicated  horsepower  of  engine; 


kir.  =  Kilowatt  rating  of  generator; 
A  =  Efficiency  of  engine; 
B  =  Efficiency  of  generator. 

For  full  loads,  under  ordinary  conditions,  we  may  as- 
sume an  efficiency  of  SO  to  85  per  cent,  for  engines  up  to 
100  i.hp.,  and  85  to  90  per  cent,  for  larger  sizes;  and 
efficiencies  of  85  to  90  per  cent,  for  generators  up  to 
100  kw.,  and  90  to  95  per  cent,  for  larger  machines.  Tak- 
ing the  higher  efficiencies  given  above,  the  indicated 
horsepower  of  the  engine  equals  the  kilowatt  rating  of  the 
generator  times  1.T5  for  generators  up  to  100  kw.,  and 
kw.  X  1-57  for  larger  sizes.  Applying  these  relations  to 
ihe  case  in  hand  gives 

30  X  l-'iS  =  5-5  i-hp. 
for  the  small  units  and 

60  X  l-l'o  =  105  i.hp. 
for  the  larger  one. 

Unless  the  exhaust  can  be  utilized  for  heating  purposes, 
the  compound  engine  will  show  a  considerable  economy 
over  the  simple  engine.  In  the  present  case,  the  com- 
pound engine  would  seem  to  be  preferable.  A  rough  esti- 
mate makes  it  appear  that  the  exliaust  from  the  main  en- 
gine will  be  sufficient  for  all  heating  and  ventilating  pur- 
poses and  that  the  exhaust  from  the  lighting  engines 
will  be  wasted. 

Tandem  engines  seem  well  adapted  to  the  comparatively 
small  sizes  called  for,  and  will  be  used  in  the  present  case. 
The  exact  dimensions  will  depend  upon  the  make,  but 
will  be  approximately  8  and  12x12  in.  and  10  and  16x12 
in.  for  a  pressure  of  120  lb.,  which  was  assumed  in  case  of 
the  main  engine. 


By  Egbert  G.  Tiiueston 

Leaks  are  common  about  any  refrigeration  plant  be- 
cause of  the  difficulty  in  maintaining  a  system  tight. 
If  long  continued,  a  few  small  leaks  mean  the  loss  of 
considerable  ammonia  which,  of  course,  must  be  made 
up  by  adding  a  new  charge.  For  the  parts  of  the  system 
not  in  water  or  brine,  tlie  writer  finds  that  siilphur  sticks 
are  the  best  means  for  finding  leaks. 

Making  Sulphur  Sticks 

Sulphur  sticks  may  be  made  in  several  ways.  The  sul- 
phur may  !.©  purchased  at  a  drug  store  or  of  a  dealer 
in  chemik_l  e.pplies,  after  which  it  remains  to  melt  it 
preparatory  tj  making  the  sticks.  The  sulphur  should 
be  put  in  any  kind  of  metal  can  or  pan  and  placed  on 
an  uncovered  engine  cylinder  or  on  an  iron  plate  heated 
by  a  blacksmith's  forge  or  l\y  a  gasoline  torch.  If  it  is 
melted  over  an  exposed  flame,  there  may  be  trouble  by 
the  sulphur  catching  fire.  For  sticks,  the  writer  gener- 
ally uses  candle  wick,  twisting  and  doubling  it  over  once 
cutting  it  in  one  foot  lengths  and  dipping  it  in  the  molten 
sulphur,  after  which  the  wick  is  laid  on  a  board  tc 
harden. 

Another  method  is  to  dip  pine  sticks  about  the  sia 
of  a  lead  pencil  in  the  sulphur  to  within  three  inche 
from  one  end.  Tubes  of  asbestos  paper  plugged  at  offl 
end  with  a  cork,  with  asbestos  mortar  or  a  piece  of  pipi 
covering,  form  a  good  mold  for  sticks  of  1/2  to  %  inch 
in  diameter  and  about  a  foot  long. 
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For  testing,  light  the  stick  and  bring  it  close  to  every 
joint  where  there  is  any  possibility  of  leaks.  When  there 
is  ammonia  present  the  sulphur  fumes  from  the  stick 
will  instantly  form  a  white  smoke  indicating  the  leak. 
With  a  little  experience  one  can  find  leaks  with  little 
trouble.  To  keep  the  sticks  from  burning  too  fast,  dip 
them  in  water  up  to  the  flame;  this  may  have  to  be  done 
se^•eral  times  with  each  stick. 

If  the  atmosphere  contains  much  aniiiioni;i.  or  if  there 
is  considerable  moisture  in  the  vicinity  of  the  leak,  the 
inexperienced  man  may  have  trouble  in  finding  the  leak 
as  the  moisture  absorbs  the  ammonia,  making  it  appear 
that  ammonia  is  coming  from  all  moist  parts. 

Generally,  if  the  leak  is  bad  and  the  sulphur  flame 
is  Ijrought  close  to  it,  a  white  precipitate  is  formed  where 
the  gas  is  escaping.  As  the  fumes  naturally  flow  upward, 
the  stick  should  be  held  under  and  two  or  three  inches 
away  from  the  place  being  tested. 

Leaks  and  joints  submerged  in  brine  or  water  cannot 
of  course  be  tested  in  this  way,  iiut  they  may  be  tested 
with  litmus  paper  on  Nessler's  solution.*  If  ammonia 
is  present  in  water  or  brine  it  will  turn  the  litmus  paper 
red,  while  a  few  drops  of  Nessler's  solution  added  to  a 
sample  of  the  brine  or  water  will  show  a  yellow  discolor- 
ation for  slight  traces  of  ammonia,  increasing  to  brown 
as  the  amount  of  ammonia  increases.  Litmus  paper  or 
Nessler's  solution  may  be  had  from  any  chemist  or 
dealer  in  chemical  supplies  or  from  ammonia  makers. 

In  testing  for  leaks  in  a  brine  tank  it  is  best  to  stop 
the  circulation  for  a  short  time  and  allow  the  brine  to 
become  quite  saturated  with  the  ammonia. 

In  a  doul)le-pipe  conden.ser,  one  coil  should  be  cut  out 
at  a  time ;  let  it  stand  a  little  while  and  drain  it,  test- 
ing the  water  that  drains  out.  Of  course,  if  there  are 
any  large  leaks  they  will  show  in  the  return  water  from 
the  condenser  when  tested.  xVn  atmospheric  condenser 
can  be  examined  for  leaks  by  testing  the  return  water 
or  by  .shutting  off  the  water  on  one  coil  at  a  time  until 
the  water  dries  off,  after  wliii  ii  tlic  leaks  may  be  found 
with  the  sulphur  .sticks. 

Water  jackets  on  the  compressor  should  also  be  tested, 
the  .same  as  those  of  the  condensers  and  brine  tanks. 
It  is  good  ]u-actice  to  go  over  the  whole  system  every  week, 
and  by  so  doing  the  result  will  be  best  noticed  in  the  re- 
duction of  the  ammonia  bill  for  the  year. 

The  greatest  sources  of  ammonia  loss  are  in  tlic  com- 
pressors, the  discharge  tanks,  the  condenser,  and  its 
valves.  Expansion  valves  and  the  stop  valves  on  the 
niacliine  which  are  used  regularly  are  especially  likely  to 
leak  as  they  are  operated  frequently.  Leaks  in  the  dis- 
charge line  are  caused  by  variation  of  the  temperature 
to  which  it  is  subjected.  It  is  not  uncommon  to  find 
the  discharge  line  over  250  deg.  when  pumping  out  parts 
of  the  system,  and,  when  the  machine  is  again  in  regular 
operation,  it  may  drop  down  as  low  as  70  or  80  deg.  This 
naturally  means  that  the  joints  arc  loo.sened  more  or  less 
and  leaks  begin  and  grow.  Condensers  generally  start 
leaks  when  they  arc  shut  dowfi  or  have  been  running 
warm.  The  condensing  water  soon  brings  them  down 
to  the  tein])crature  of  the  water,  and  the  change  loosens 
tile  joints  and  starts  the  leaks.  Therefore,  it  is  good 
practice  to  shut  off  the  water  if  the  condenser  is  cut  out 
for  any  length  of  time  and  let  it  cool  down  gradually. 


•For  dlrcctioriH  I 
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JUST  J  E  S  T  S.  J  .\  B  S,  J  O  S  H  E  S  .\  N  D  J  i:  M  B  L  E  .S 


"Wherlver  ye  see  a  head,  hit  ut!"  was  Kilkenny's  slogan 
in  days  of  old.  'Tis  a  pity  that  some  of  these  ancient 
"blue  laws'"  are — well,  you  know  what  you'd  like  to  do  when 
you  meet  up  with  a  sour  guy  stuffed  full  of  pessimism.  Be 
a  real  feller,  and  kid  yourself  that  times  .are  the  best  ever, 
even  when  they  look  at  their  worst.  It's  a  good  way  to 
help   make   them    good. 

"Bud"   Fisher   has  a   muttandjeff  that   goes  like   this: 

Jeff — I  see  they're  firing  on  the  United  States  battleships 
now. 

Mutt — G'wan,  you're   crazy;   this   is  a   neutral   country. 

Jeff — I  can't  help  that,  they're  firing  on  the  U.  S.  ships 
just  the  same. 

Mutt — Where? 

Jeff — All    over    the    world. 

Mutt — Who's  firing  on   'em? 

Jeff — The  stokers. 

Over  a  hundred  mayors  of  the  big  and  little  cities  will 
meet  in  I'hiladelphia  soon.  They  have  organized  a  utilities 
bureau  to  pull  their  bailiwicks  out  of  the  slough  that  is 
holding  down  the  common  people  as  regards  their  light, 
heat  and  power.  When  folks  can  get  a  fat  little  15c.  kw.-hr. 
dressed  for  the  market  for  four  or  five  cents,  mebbe  the  boss 
will  put  part  of  the  difference  in  our  pay  envelopes.  Heat, 
light  and  power  have  a  whole  lot  to  do  with  our  getting 
anywhere. 

And.  anyhow,  the  heads  of  our  big  cities  are  wising  up 
to  the  utility  of  running  them  on  sound  business  principles 
Here  in  New  York  village,  a  flve-thousand-dollar  teller  got 
a  job  along  the  executive  line  through  an  ad  in  the  paper. 
Think  of  it!  They  skipped  the  political  high  tiger  spots 
and  didn't  even  inquire  under  what  emblem  he  voted.  He 
was  picked  on  his  merits  and  had  the  goods.  Patronage- 
ridden    cities,    please    take    notice. 

The  oil  engines  of  war  are  not  running  to  the  taste  of 
those  big  sea-plant  engineers,  U.  Sam  and  J.  Bull.  As  this 
oil  is  said  to  be  standard  it  ought  to  still  the  troubled  waters 
between  Sandy  Hook  and  chalky  cliffs  of  Albion.  There's 
a  hot  bearing  somewhere  in  the  political  machine. 
>: 

What's  all  thi.'^  nbout  making  cotton  more  popular?  Can't 
get  too  much  of  it  in  the  power  plant,  even  if  it  mostly  runs 
to  waste. 


The  Pennsylvania  Railroad  System  has  offered  to  carry 
free  of  charge  to  New  'i'ork  docks  all  gifts  intended  for 
the  Belgian  orphans  and  refugees  of  the  European  war. 
Bully!  This  lively  little  concern  is  always  coming  to  the 
front  with  a  shop  kink  that  disproves  the  assertion  that 
corporatjions  have  no  soul  or  bowels  of  compassion. 

iii 

Along  in  necember  there's  going  to  be  an  intern.a*ional 
exposition  of  inventions  in  New  York.  It  will  be  a  show  to 
give  the  inventor  a  show.  If  you  have  something  new  and 
useful,  wrap  it  up  and  tote  it  in  to  the  Grand  Central  Palace 
on  Dec.  12  to  19.  You  can  meet  men  with  real  money  who 
will  exploit  It  for  you  if  it's  the  right  kind  of  goods.  Mebbe 
you  are  a  Hargreaves,  or  an  Arkwrlght  or  a  Whitney,  and 
don't  know   it. 

m 

Our  old  friend  Mel  Mix,  of  the  Dodge  Co.,  has  again  tuned 
his  lyre  to  tlit;  "Safety  First"  madrigal.  Mel  hits  the  high  C 
and  gets  away  with  it  when  he  carusos  that  "safety  first 
is  a  matter  of  dollars  and  cents,"  even  if  it  does  sound  cold- 
blooded. Bui  dollars  and  cents  mean  just  as  much  to  the 
boss  as  to  the  workman;  it's  profit  and  loss  whichever  way 
you  regard  It.     And  safeguarded  machinery  earns  a  big  profit, 


Let's  Mix  It  some  more.  Mr.  Mix  say-s  that  to  be  able 
to  sell,  s.^y,  power-plant  machinery  to  South  America,  we 
should  first  send  down  our  buyers  and  put  some  capital  In 
South  Ami-rlcan  hands:  theirs  has  been  tied  up  by  the  war. 
Buy  something,  and  then  you  can  readily  sell  something. 
Not   a    hit    mixed    is    Mix;    he    has    the    right    idea. 
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uiiini(Oi©ir  ^ 
rtlical  Boilers' 


By  Osbokn  :\Io\xi:TTf 


SYNOPSIS — Length  of  {irate,  type  of  arch,  extension 
and  dimensions  of  gas  passes,  ivhich  tend  toward  smol-e- 
less  operation.  Instructions  on  operating  a  chain  grate 
withotd  sniol-e. 

One  of  the  fundamental  requirements  of  a  good  set- 
ting under  a  Stirling  boiler  is  that  the  grate  should  not 
be  set  flush  front,  but  should  be  extended  in  front  of  the 
boiler  suificientl}'  to  give  a  good  igniting  action.  It  has 
been  demonstrated  that  an  ignition  arch  less  than  5  ft. 
long  will  not  show  good  all-around  results.  Taking  5  ft. 
as  the  minimum  length  allowable,  gives  an  extension  of 
from  2  ft.  (i  in.  to  3  ft.  on  this  type  of  setting. 

Fig.   1   shows  a  representative   Stirling  boiler  setting 


allows  the  boiler  to  be  run  at  ratings  up  to  25  to  50  per 
cent,  overload  without  distress  in  the  furnace.  With 
plants  designed  for  high  overloads  (up  to  100  per  cent, 
overload),  the -grates  must  be  longer.  Fig.  2  is  a  typical 
installation  with  a  5  ft.  9  in.  ignition  arch  and  horizontal 
stoker,  while  Fig.  3  shows  an  inclined  stoker  witliout  a 
water-back.  Both  of  these  settings  are  good  for  normal 
capacities. 

In  Fiar.  4  the  arch  is  set  15  in.  high  al  tlie  gate  and 
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Fio.   1.  Class   S   Stiklixg  Boilei;,  :575-Hp.,   axd 

IXCLINED  Gl!EEN   CUAIX  GkATE 

with  a  5-ft.  ignition  arch  followed  by  the  standard  Stir- 
ling arch.  This  setting,  which  has  an  inclined  grate,  is 
good  for  normal  capacities,  ^he  inclined  grate  works 
out  well,  not  only  for  the  Stirling  boiler,  but  for  any 
tvpe  of  boiler,  as  it  allows  more  volume  under  the  arch 
for  combustionj  One  point  to  be  watched  in  chain-grate 
installations  is  the  length  of  the  grate.  A  short  grate 
will  give  trouble  on  high  capacities.  Tliere  is  a  time  in 
the  life  of  nearly  every  boiler  plant  when  it  is  necessary 
to  push  the  stokers  to  the  limit.  ^A^len  this  time  comes, 
a  short  chain  grate  will  smoke  badly,  and  will  also  de- 
posit live  coals  in  the  ashpit. 

Many  old  Stirling  settings  have  been  set  flush  front 
with  short  grates,  using  SiA-ft-  arches.  Such  installa- 
tions cannot  be  considered  satisfactory.  All  things  con- 
sidered point  to  a  grate  with  a  9  ft.  6  in.  active  surface 
(gate  to  water  back)   as  the  best  for  general  use.     This 

•Copyright,   1914,   by  Osborn  Monnett. 
tSmoke  inspector,  city  of  Chicago. 


Fig.  2.  .McKexzie  Chaix  Gkate  undei;  315-Hp.  Clas.s  S 
Stirling  Boiler 


Fig.  3.  Class  S  TiOO-Hr.  Stii!LIXg  Boiler  and  Laclede-  \  f) 
Christy  Ixclixed  Chain  Grate  ' 

inclines  3  in.  to  the  foot.     Fifteen  inches  can  be  taken    'i 
as  a  good  standard  gate  height  for  flat  arches,  as  it  shows  ,il 
much  better   ignition  than  the  old   standard  of   11  in. 
Thei-e  are  instances,  however,  where  the  slope  of  the  arch 
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can  be  Ijrought  ilowii  to  li^.  in.  lu  the  foot  with  ad- 
vautage.  This  setting  easily  cares  for  moderate  swings 
in  the  load  without  distress,  and  is  smokeless  at  all  rea- 
sonable capacities.  It  was  designed  for  a  continuous 
overload  of  100  per  cent.  The  center  of  the  mud  drum 
is  set  5  ft.  above  the  floor  line,  giving  room  for  the  grate 
without  unreasonable  extension,  and  at  the  same  time 
delivering  the  heat  to  the  lower  part  of  the  front  bank 
of  tubes,  so  that  no  heating  surface  is  sacrificed.  The 
high-pressure  water-back  provides  a  permanent  bridge- 
wall,  requiring  little  maintenance  expense,  and  the  flame 
travel  is  suificient  to  take  care  of  the  gases  at  high  ca- 
pacities. The  foIlo\\ing  record  of  a  test  run  on  this  unit 
shows  that  at  a  capacity  of  l)-tl  h]).   (88  per  cent,  over- 


FiG.  4.  CilASS  0  500-Hp.  Stirling  Boilek  and  Green 

Chain  Grate,  Designed  for   100  per  Cent. 

Continuous  Overload 

load),   the  efficiency   was   U,s.4   per  cent,    wlien   burning 
Harrisburg  screenings: 

BOILER  trial  in  CHICACo  PLA.VT 

StirHng  boiler    7-29-14 

Sri.ft.  of  urate   surface    99 

Effective   heating  surface,   sq.ft 5016 

Ratio  of   grate   to   heating  surface 50. 6G 

Factory   rating   in   hp 503 

Method  start  and  stop    Alternate 

Luration    in    hours    5 

Kind  of  coal   Harristjurg  Screenings 

Draft  at  stack,   in.  of  water    1.35 

Draft  at  damper,   in.  of  water    0.59 

Draft  over  fire.  in.  of  water    0.42 

Position  of  damper   Full  Open 

Depth    of    Hr<>    in    inches    6 

Speed    of    (jrate.    in.    per    min 4 

Average    temp,    of    flue    gases    682 

Average   st<;am   pressure,   lb.   gage    137 

Average    temp,    of   Ijoiler   room    84 

Average   temp,   outside    80 

CO2  readings  in   per  cent 8.2 

Lb.    coal    consumed      18,200 

Per    cent,    of   moisture    In   coal    5 

Lh.  coal  consumed  and  corrected  for  moisture 17,290 

Lli.  coal  sifted   through  grates  and   used  over  again....      1045 

Lli,    ash     3310 

Per    rent,    of    dry    coal    to    ash     19 

!■•  1    f-ent.   of  coal    flred,   combustible    77 

water  evaporated    13fi,875 

-r    of    evaporation     1.187 

V.  water  evaporated  f.  and   a.   212  deg 162,399 

!.       .vater  evaji.  f.  and  a.  212  deg.  per  lb.  of  dr.v  coal.  .  .  .      9.392 
Lh.  water  evap.  f.  and  a.  212  deg.  per  lb.  of  coal  as  flred.  .  8.923 

Av.    hp.   developed    per  hour    941 

Lb.  dry  coal  burned  per  sq.ft.  grate  per  hr 35 

Lh.  coal  as   fired  per  srj.ft.  grate  per  hr ; .      36.8 

CHK.MICAL  ANALYSIS  OF   COAL 


Moisture,    per   cent 

V,. I  .tile  carbon,  per  cent    

1  carbon,  per  cent 

per    cent.    

liur,   per   cent 

I.  per  pound 

■  r  efliclency   baaed   on   coal   as   flred. 
'    cent 


4.S4 

24.74 


Another  tvpe  of  Stirling  setting  which  can  be  adopted 
with  advantage  under  certain  circumstances  is  shown  in 
Fig.  5.  This  consists  of  an  Illinois  stoker  with  a  single 
arch  8  ft.  8  in.  long,  covering  tlie  grate  entirely,  set  high 
and  pitched  3  in.  to  the  foot.  On  reconstruction  jobs, 
where  it  is  desired  to  improve  the  smoke  conditions  on 
a  flush-front  setting,  this  type  of  arch  will  work  out 
satisfactorily  for  ordinary  capacities.  In  Fig.  5,  the 
stoker  has  been  set  with  3  ft.  11  in.  extension  to  make 


Fig.  5.  A  260-Hp.  Stirling  Boilei;  with  a  Single  Aech 
OVER   AN    Illinois    Stoker 


POWER 

Fig.  f).  Stirli.\g  Boiler  and  Flush  Front  Stoker 
Fitted  with  Single  Arcu 

sui-e  that  plenty  of  ignition  and  flame  travel  will  be 
provided  before  the  gases  strike  the  heating  surface.  At 
the  same  time,  the  stoker  is  of  the  inclined  type,  which 
further  increases  the  flame  travel. 

Such  an  arch  .>iet  over  an  old  flush-front  stoker  can  be 
made  to  inci-ease  the  steaming  capacity  of  tlio  boiler,  pro- 
vided sufficient  di'att  is  available.  In  overhauling  an  old 
setting  of  this  kind,  it  will  be  necessary  l«  look  cai'efully 
to  the  batlles,  as  invariably  they  will  be  found  i-estricted. 
The  combination  of  raising  the  ai'ch  and  making  it  in  one 
span,  and  the  opening  up  of  the  iiallles,  will  <1((  wonders 
in  increasing  capacity  and  sniol;eless  operation  (m  these 
old  settings.     Fitr.  'i  is  a  ty|ncal  example. 

The  same  prinii|(les  apply  to  other  types  of  vertical 
boilers,  although  in  general  the  llanie  travel  is  somewhat 
longer.     Fig.  7  shows  a  chain-grate  setting  under  a  ;5r<f- 
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lip.  Erie  City  vertical  boiler,  in  which  the  ignition  arch 
is  6  ft.  long,  with  a  secondary  step-np  fiat  arch  of  the 
same  length.  The  flame  travel  here  is  ample  to  provide 
smokeless  operation  at  any  commercial  capacity,  and  the 
total  extension  is  10  ft.  G  in.  to  the  gate. 

In  combining  a  chain  grate  with  a  boiler  of  the  Wickes 
type,  ample  flame  travel  can  be  provided,  and  the  arch 
can  be  set  at  a  height  corresponding  to  the  capacity  it 
is  desired  to  obtain  and  according  to  the  draft  which 
will  be  available.  Ordinarily,  an  extension  of  13  ft.  from 
the  heating  surface  to  the  gate  will  be  found  sufficient 
for  a  400-hp.  unit  such  as  is  shown  in  Fig.  8. 

How  TO  Operate  a  Chain  Grate  without  Smoke 

Starting  Fires — Feed  in  the  coal  until  the  grate  is 
about  half  covered  and  the  hopper  is  empty.  If  the 
hopper  is  fed  by  a  chute,  care  should  be  taken  not  to  let 
down  too  miich  coal  at  this  time.  When  all  the  coal  has 
passed  under  the  gate,  throw  some  fresh  coals  from 
another  fire  or  some  light  wood  kindling  with  a  few 
pieces  of  waste  on  the  coal  and  start  a  fire.  Sprinkle  a 
little  coal  over  the  fire  at  the  gate  and  feed  in  slowly 
until  the  fire  is  inside  of  the  gate,  and  let  the  stoker 
stand  for  a  few  minutes  until  all  of  the  coal  is  ignited. 
This  with  the  damper  partly  open.  Then  fill  the  hopper 
with  coal  through  the  chute  and  let  the  stoker  run  slowly 
until  the  arch  gets  heated  up,  after  which  the  regular 
speed  can  be  used  with  the  damper  wide  open. 

Carrying  the  Load — Adjust  the  thickness  of  the  fire  at 
the  gate  until  the  whole  of  the  grate  is  covered.  The 
average  speed  of  the  grate  ought  to  be  about  3I/2  in.  per 
min.  If  live  coal  goes  into  tlie  ashpit,  run  the  fire  thin- 
ner or  slow  down  the  stoker.  Do  not  allow  the  back  end 
of  the  grate  to  become  bare  of  live  coals,  as  it  will  inter- 
fere seriously  with  efficiency.  Proper  manipulation  of 
the  speed  and  of  the  gate  will  keep  the  grates  covered. 
Do  not  become  alarmed  if  a  few  incandescent  particles 
drop  into  the  ashpit.     It  will  not   affect  the  economy. 


Starting  After  a  Bank — Eaise  the  gate,  break  up  the 
bank  with  a  hook,  pulling  some  of  the  fire  out  into  the 
hopper.     Lower  the  gate,  fill  the  hopper  with  coal  and 
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Fig.  8.     A  Gkeen  Chain  Grate  under  a  400-Hp. 
Wickes  Boiler 

start  the  stoker  slowly  with  partly  opened  damper  until 
the  arch  gets  hot.  Closing  the  damper  with  a  heavy  fire 
on  a  chain  grate  will  cause  smoke,  therefore  if  the  demand 
for  steam  slackens,  never  close  the  damper  until  the  fire 
has  burned  ofl'  the  greater  part  of  the  volatile  matter 
from  the  coal.  Never  stop  the  stoker  for  any  length  of 
time  without  first  running  the  hopper  empty,  as  the  fire 
will  burn  back  and  injure  the  gate. 

Brrnta — In  the  article  "Chain-Grate  Setting — II,"  of  the 
Oct.  20  issue,  Figs.  7  and  9  were  transposed.  The  boiler 
in  Fig.   7  is  a  Geary  and  that  in  Fig.   9  is  an   Erie  City. 


Fig.  7.    An  Erie  City  313-Hp.  Vertical  Boiler 
AND  Inclined  Illinois  Chain  Grate 

To  prevent  clinkers  from  attaching  to  the  side  of  the  fur- 
nace, run  a  slice  bar  in  along  the  sides  occasionally. 

Banking  Fires — Let  the  fire  burn  short,  raise  the  gate 
high  and  run  in  a  heavy  fire  for  two  or  three  feet,  ac- 
cording to  the  length  of  time  the  bank  is  to  be  carried. 
In  doing  this,  run  the  hopper  empty,-  lower  the  gate  and 
partly  close  the  damper. 


Clesiiranini^  tike  Caips  of  "WsitleiT" 
T^lb®  IBoaE©2='s 

After  the  caps  on  the  headers  of  water-tube  boilers 
have  been  removed  for  cleaning  purposes,  it  is  often  hard 
to  put  them  back  again  so  that  they  will  not  leak.  The  dif- 
ficulty is  to  get  a  tight  metal-to-metal  joint  between  the 
caps  and  the  headers,  as  the  slightest  irregularity  or  un- 
evenness  holds  the  two  surfaces  apart  sufficiently  to  cause 
leakage.  It  is  common  practice  to  endeavor  to  make  the 
surfaces  fit  each  other  by  smoothing  them  olf  with  emery 
cloth.  In  doing  the  work  it  is  convenient  to  tack  the 
emery  cloth  upon  a  wooden  disk,  which  is  then  made  to  re- 
volve in  a  lathe  or  on  a  special  machine  constructed  for 
the  purpose,  the  cap  being  pressed  up  against  the  emery 
for  a  few  moments  until  the  surface  is  cleaned.  The 
nuts  may  be  treated  in  the  same  way. 

The  main  objection  to  this  procedure,  apart  from  the 
necessity  of  frequently  renewing  the  covering  of  the  disk, 
is  that  the  cap  wears  down  at  the  outer  edge  faster  than 
it  does  along  the  inner  one,  and  hence  it  becomes  rounded 
to  a  slightly  convex  shape,  so  that  it  will  not  touch  the 
header  anywhere  except  along  a  narrow  line  close  to  the 
inner  edge.  As  a  result,  the  contact  is  so  poor  that  it  is 
always  hard,  and  sometimes  impossible,  to  make  the  joint 
tight ;  and  in  the  effort  to  stop  the  leakage  the  men  some- 
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times  st-rew  the  nuts  uja  hard  enough  to  strip  the  threads. 

This  trouble  may  he  readily  overcome  by  the  following 
method,  which  is  both  simple  and  effective.  A  cast-iron 
faceplate  is  first  prepared  by  resurfacing  it  in  a  planer. 
A  mixture  of  oil  and  emery  is  then  smeared  over  the  face- 
plate, which  is  afterward  revolved  on  a  spindle,  the  cap 
to  be  treated  being  held  up  against  it.  In  this  way  the  cap 
can  be  ground  down  to  a  satisfactory  siirface,  easily  and 
quickly.  If  it  does  n^. '_  become  satisfactorily  flat  and  true 
on  the  first  application,  it  will  be  materially  improved, 
and  after  the  caps  have  been  treated  a  few  times  they  will 
fit  the  headers  quite  well.  The  object  of  finishing  the  face- 
plate on  a  planer  is  to  provide  it  with  a  series  of  small, 
straight,  shallow,  parallel  grooves,  running  across  its  sur- 
face from  side  to  side.  These  serve  to  hold  the  emery  and 
oil,  so  that  a  far  better  grinding  action  is  obtained  than 
could  be  had  if  the  faceplate  were  smooth.  No  attempt 
should  be  made  to  exaggerate  the  tool  marks,  because  they 
wiU  usually  be  quite  deep  enough  without  doing  so. 
Grooves  turned  in  the  faceplate  on  a  lathe  would  not  be 
useful  for  the  purpose  in  mind,  because  they  would  run 
circularly  around  the  plate,  and  therefore  would  not  hold 
the  emery  and  oil  up  against  the  cap  satisfactorily.  The 
ideal  way  to  treat  the  plate  would  be,  to  provide  it  with 
shallow  radial  grooves;  but  the  planing  operation  is  far 
simpler,  and  it  works  quite  well. 

The  same  idea  may  be  applied,  if  desired,  to  clean  and 
true  up  the  face  of  the  header,  where  the  caps  rest  against 
it;  but  in  this  case  a  special  portable  machine,  operated 
by  a  motor  of  some  kind  or  attached  to  a  flexible  shaft, 
must  be  used  for  rotating  tlie  grinding  plate  in  contact 
with  the  header. — The  Travelers'  Standard. 

While  at  the  works  of  the  Nordberg  Manufacturing 
Co.  recently,  the  writer  saw  a  two-stage  air  compressor 
almost  ready  for  shipment  to  the  Canadian  Mining  &  Fi- 
nance Co.,  of  Timins,  Ont.  It  was  a  standard  machine, 
cross-connected,  with  the  usual  mechanically  operated 
Corliss  valves,  having  cylinders  22x37x31  in.  The  com- 
pressor is  to  be  driven  by  a  25-cycle  synchronous  motor 
at  125  r.p.m.  The  unusual  feature  is  that  the  machine 
is  to  be  used  as  a  steam  engine  in  case  of  necessity,  this 
being  possil)le  with  the  type  of  valve  employed  on  Nord- 
berg compressors. 

It  appears  that  the  mining  company  operates  the  mine 
electrically,  current  being  purchased  from  an  ontsido 
water  ])ower.  The  ])rincipal  equipment  consists  of  a 
mine  hoist,  underground  i)umps,  a  concentrating  mill, 
a  compressor  dujilicating  the  one  mentioned  and  a  third 
compressor  of  different  make.  To  guard  against  a  possible 
breakdo\ni  in  the  transmission  line,  a  steam  reserve  plant 
was  considered  necessary.  Ordinarily,  a  full  equipment 
of  boilers,  engines  and  generators  would  be  needed,  but 
with  these  compressors  only  the  boilers  are  to  be  in- 
stalled. Steam  may  be  turned  into  the  high-presure  cyl- 
inder of  the  c()m]>ressor,  then  delivered  to  the  inter- 
mediate receiver  and  thence  to  the  low-pressure  cylinder 
as  in  any  Corliss  engine.  Tlie  operation  will  Ix;  the  re- 
verse, the  motor  turning  in  the  o]i])ositc  direction  will 
act  as  a  generator.  With  a  slight  adjustment  of  the 
valves,  tlie  economy  will  be  nearly  as  good  as  of  an  en- 
gine designed  for  the  work. 


To  control  the  steam  supply  there  is  an  automatic  cut- 
off governor  operated  by  an  eccentric  and  also  a  belt  from 
the  crank  shaft.  The  governor  regulates  the  quantity  of 
steam  to  the  angle  throttle  valve  connected  to  the  dis- 
charge pipe  of  the  compressor  between  the  high-pressure 
cylinder  and  the  receiver,  as  shown  in  the  illustration. 
^Mien  steam  is  being  supplied,  the  valve  A  is  closed,  and 
the  same  is  true  of  the  angle  valve  when  the  machine  is 
acting  as  a  compressor. 

By  this  arrangement,  enough  current  is  generated  tc 
run  the  mine  at  reduced  capacity'  and  maintain  it  in  ojJer- 
ation  until  service  from  the  water  power  is  resumed. 


I'li'iNfi  OF  Cymnoehs  to  the  Keceiver 
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Fig.  1,  this  6000-hp.,  .36-pole.  6600-volt  induction  motor 
drives  an  18-in.  continuous-billet  mill  at  the  Indiana  Steel 
Co.'s  plant,  Gary,  Ind.  It  has  a  speed  of  S3  r.p.m.  Fig.  2, 
a  232-in.  pitch  diameter  W'illiam  Tod  Co.'s  gear  with  116  teeth. 
42-in.  face.  The  pinion  is  of  30-in.  pitch  diameter,  15  teeth, 
and  has  a  42-in.  face.  It  is  forged  and  carries  two  13-ft.  6-in. 
flywheels  weighing  50  tons.  The  total  weight  of  the  gear  and 
pinion  is  S5  tons.  This  is  the  largest  gear  with  machine-cut 
double-helical  teeth  ever  made  in  this  country.  The  helix  is 
at  a  30-deg.  angle.  Fig.  3  is  a  6500-hp.,  6600-voU  induc- 
tion motor  of  the  slip-ring  type.  It  is  provided  with  a 
switch  for  changing  the  number  of  poles  to  change  the 
speed.      The    motor   may    be    run   as   a    2S-    or    56-pole  machine 


with   speeds   respectively   of    107   and    53    r.p.m.      It    is   used   in 
the  60-in.  universal  plate  mill  of  the  Indiana  Steel  Co. 

Fig.  4  is  a  100-ton  electric  locomotive  built  for  service  on 
the  electrified  section,  the  Hudson  division,  of  the  New  York 
Central  &  Hudson  River  R.R.  Ten  of  these  have  been  ordered. 
This  is  the  most  powerful  electric  passenger  locomotive  ever  ■ 
built,  and  will  exert  sufficient  tractive  effort  to  haul  a  train 
weighing  1000  tons  at  a  speed  of  60  miles  an  hour.  i 

Fig.  5  shows  a  150,000-volt.  300-ampere  disconnecting  | 
switch  with  corona  caps  and  tubular  blade.  The  height  of 
the  switch  is  5  ft.,  11  ji  in.  The  distance  between  the  centers 
of  the  top  insulators  is  4  ft.  8  in.  This  apparatus,  with  the 
exception  of  the  gear  and  pinion,  is  the  output  of  the  Gen- 
eral  Electric   Co. 
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Thf  common  council  of  Detroit  recently  adopted  an  amend- 
ment to  the  steam  engineers*  license  law  as  proposed  by  J.  C. 
XlcCabe,  chief  boiler  inspector.  The  amendment  provides  for 
free  annual  rene'n'al  of  licenses.  Under  the  newly  amended 
ordinance  all  applicants  for  license  must  pay  a  fee  of  $1  w^hen 
making  application.  If  they  pass  the  required  examination 
and  are  awarded  a  first-  or  second-class  license,  they  must 
pay  an  additional  fee  of  $2.  If  a  third-  or  fourth-class  license 
is  obtained  the  extra  fee  is  only  $1.  All  licenses  are  renewed 
without  charge  if  application  for  renewal  is  made  within  10 
days  after  expiration.      Formerly  there  was  a  renewal   fee. 

There  are  about  2700  licensed  engineers  in  Detroit,  of 
which  some  2000  will  benefit  by  the  free-renewal  amendment. 
.\bout  1200  applications  for  licenses  are  received  eacli  year. 

An  ordinance  has  also  been  passed  to  regulate  the  use. 
handling,  storage  and  sale  of  inflammable  liquids.  Detroit 
is  the  first  city  to  pass  such  an  ordinance,  which  closely  fol- 
lows the  code  of  the  National  Board  of  Underwriters.  Mr. 
McCabe,  the  chief  boiler  Inspector,  is  to  have  charge  of  the 
inspection  of  all  devices  used  in  the  storage  and  handling 
of  these  liquids. 


The  City  Council  of  York,  Penn.,  has  consented  to  the 
merging  of  the  Merchants'  Electric  Light,  Heat  &  Power  Co. 
with  the  Edison  Electric  Light  Co.  The  latter  company  has 
applied  to  the  State  Public  Service  Commission  for  a  certifi- 
cate of  approval. 

The  Merchants'  company  will  forfeit  a  $5000  bond  to  the 
city,  this  being  one  of  the  provisions  in  its  charter.  For 
years  these  two  companies  have  been  rivals  in  York  and  the 
vicinity.     The  field  is   now  controlled  by  the  Edison  company. 


Qoes   Peippefttuias.S  Motlioim  ©ime 


The  f(jllo\viiig  cli]!])!!!,^-  Irom  the  Annsas  Cihj  Post 
of  Sept.  •")  sliould  intore.-;t  po\ver-])laiit  men  : 

An  engine  that  runs  itself  on  its  own  power,  developing 
inergy  to  operate  machinery,  has  been  invented  in  this  city. 
The  inventor  has  been  working  for  five  years  on  his  self- 
operating  engine,  and  now  has  it  near  perfection.  A  few  al- 
terations  are   to   be    made.      These   will    increase    its   efficiency. 

The  engine  is  run  by  compressed  air,  making  its  own 
pressure  as  it  luns.  The  exhaust  from  the  cylinders  returns 
through  a  series  of  eight-port  automatic  valves,  to  n  large 
steel  pressure  tank.  This  tank  is  a  double  affair,  there  being 
a  smaller   tank   within    the   larger   one. 

An  air  space  of  6  in.  intervenes  between  the  two  tanks. 
Into  the  air  space  the  exhaust  from  the  cylinders  Is  forced, 
the  action  being  such  that  the  nitrogen  gases  are  separated 
from  the  oxygen  and.  forming  a  lighter  gas,  rises  to  the  top 
of  the  tank,  at  the  same  time  creating  a  pressure  which  forces 
thi-  fresh  air  down  through  the  inner  tank  and  back  into  the 
engine,  which   is  operated  by   this  pressure. 

The  only  serious  featiu'e  of  the  forejioinR  i.s  tlie  fact 
that  men  <io  actually  attempt  to  iret  sometliiii.s;  for  noth- 
ing, mechanically. 


Electrlolty  In  thr  SIcel  linliiKtry— The  magnitude  of  elec- 
trical appncMlion  in  tlie  Iron  and  steel  industry  is  not  with- 
out interest  or  surprise.  The  data  show  that  the  installed 
horsejiower  of  motors  used  last  year  by  62  steel  companies 
was  moie  than  1,250,000  and  tlve  number  of  motors  in 
service  was  15, .^12.  More  startling  was  the  amount  of  energy 
generated  and  purchased  by  these  companie.t,  1, fill, r,C4, 000 
kw.-hr.  This  is  more  than  one-tenth  of  the  total  output 
of  I  he  central  wlations  of  the  United  States  In  1912,  and  the 
rating  of  niotois  is  almost  equal  to  that  receiving  energy 
from  the  entire  central-station  Industry  of  the  country  seven 
ye.ira  ago.  One  plant  alone  used  more  electricity  than  was 
(tenerated  by  the  Edison  .systems  of  Hrooklyn  and  Bo.ston 
combined.  When,  ns  has  been  predicted,  electricity  shall 
have  supplanted  steam  entirely  as  motive  power,  the  clpc- 
trleal  neetls  of  the  steel  Industry  will  be  enormous.  Only 
three  of  the  companies  purcha.ne  electrical  energy.  An  abun- 
dant opportunity  exists  here  for  enterprlsInK  central-station 
managers  to  add  to  this  number, — "Klectrlcal  World. " 
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The  School  of  Applied  Industries  of  the  Carnegie  Institute 
of  Technology  offers  a  course  in  the  theory  and  practice  of 
power  generation,  which  covers  the  operation  of  steam 
engines,  steam  boilers,  gas  engines,  electric  generators,  motors 
and  all  auxiliary  apparatus.  While  this  department  has  been 
in  existence  for  several  years,  it  has  recently  undergone  a 
reorganization  for  the  purpose  of  increasing  its  efficiency 
and  effectiveness  in  meeting  the  growing  demand  for  instruc- 
tion of  this  nature. 

Not  only  is  a  straight  night  course  offered,  but  a  special 
course  has  been  arranged  to  benefit  the  man  who  alternates 
day  and  night  turn.  This  is  special  only  as  regards  time, 
and  is  identical  in  every  way  to  the  regular  night  course. 
It  will  allow  the  engineer  to  attend  school  six  to  eight  hours 
per  week  on  his  off  turn.  It  will  also  allow  any  engineer, 
employed  at  night  only  to  attend  school  for  a  short  period 
of  six   to  eight  hours  per  week,   during  the   day. 

As  far  as  is  possible  and  practicable,  students  are  instruct- 
ed from  actual  engines,  boilers,  and  models.  Mathematics 
is  eliminated  or  simplified  in  demonstrations,  at  the  beginning 
of  the  course,  and  later  taken  up  as  the  student  gains  knowl- 
edge  of  this   important   subject. 

There  are  available  for  demonstration  and  test  five  differ- 
ent types  of  boilers,  from  60  to  .350  hp. :  five  different  types 
of  steam  engines,  from  10  to  750  hp.;  nine  different  types 
of  internal  combustion  engines,  from  l\i  to  550  hp.i  in 
addition  to  a  large  variety  of  auxiliarj'  apparatus.  .\11  of 
these,  with  the  exception  of  one  gas  engine,  are  located 
in   the  new  Machinery   Hall. 

The  course  is  laid  out  to  cover  a  period  of  four  years, 
and  consists  of  work  on  the  above  mentioned  equipment, 
accompanied  with  numerous  lectures  and  problems.  Other 
subjects  given  during  the  four  years  are  mathematics,  draw- 
ing, machine  shop  practice,  elementary  electrical  engineering, 
chemistry,  and  English. 

No  written  examination  for  entrance  to  this  course  is 
required,  but  each  applicant  must  present  himself  to  the  dean 
of  the  School  of  Applied  Industries  for  personal  interview, 
and  must  show  satisfactory  evidence  of  his  natural  ability 
and  tendency  for  "work  of  this  nature.  Preference  will  al- 
ways be  given  to  men  already  employed  in  some  power 
station. 

A  student  registering  under  this  alteiiuite  day  and  night 
arrangement,  as  well  as  for  the  regular  night  class,  shall 
do  so  as  a  regular  night  student.  The  total  tuition  for  night 
courses  is  $16  a  school  year  for  residents  of  Pittsburgh,  and 
JIS    for    non-residents. 

Engineers  will  be  gladly  furnished  any  further  informa- 
tion by  the  I'egistrar,  Carnegie  Institute  of  Technology,  Pitts- 
burgh,  Penn. 

Tlie  Arkansas  Light  .<.•  Power  Co.  is  plaMning  extcn.sive 
improvement,  and  in  order  to  finance  these  It  has  filed  a 
mortgage  in  favor  of  the  Guaranty  Trust  Co..  of  New  York, 
securing  fiayment  of  its  two-year  6  per  cent,  notes.  It  is 
specified   that   the   latter  are   not   to  exceed    $1,000,000. 

The  company  operates  plants  at  Malvern,  Camden,  Arka- 
adelphia.  Magnolia  and  other  points  in  the  state.  It  will  not 
only  improve  its  present  plants,  but  will  add  to  the  number, 
and  is  considering  the  advisability  of  erecting  a  power  dam 
at  Caddo  Cap. 


PaciBc    Cosist  Fo'wer  Hotes 

The  quarterly  report  of  State  Engineer  Lewis  of  Oregon, 
just  made  public,  shows  IT.'i  permits  Issued  for  the  appro- 
priation of  water  for  power  purposes.  These  permits  cover 
works  to  cost  $5,000,000  in  the  development  of  .10,160  hp., 
constructing  2.10   miles  of  pipe   lines,   etc. 

Oeorgc  W.  Holcomb,  Portland,  Ore.,  proposes  to  develop 
10,255  hp.  from  the  Clackamas  Klver:  the  Kogue  River  Public 
Service  Corporation  contemplates  the  development  of  ll,9Sfl 
hp.  on  the  Rogue  River  and  ,1.  E.  .lohnson,  Drewsey,  has 
secured  a  permit  to  develop  .1109  hp.  with  the  waters  of  the 
Malheur  Klver.  The  Siletz  Power  Co.,  Portland,  Ore.,  has  a 
filing    on    the    Silctz    River    for    the    development    of    2576    hp. 

Plans  an-  being  prepared  under  the  supervision  of  Major 
.1.  B.  Cavanaugh,  Seattle,  for  the  construction  of  a  $50,000 
power  house  for  the  Lake  Washington  Canal  project  of  the 
Wai-   Department.      There  are   also   plans    for   the   construction 
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of  five  operating  houses  and  twenty  30-ft.  reinforced-concrete 
light  standards  for  the  canal   locks. 

A  reorganization  of  the  Tosemite  Power  Co.  has  been  made 
at  Sacramento,  Calif.,  by  the  consolidation  with  the  Tuolumne 
Light  &  Power  Co.,  the  Tuolumne  Water  Co.  and  the  La 
Grande  Water  Co. 


sted    by   A.   L.    H. 
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Damagres  Recoverable  for  Personal  Injury — $4900  was  not 
an  excessive  award  for  injury  to  an  employee  of  a  ;iower  com- 
pany, sustained  by  him  in  consequence  of  negligence  imput- 
able to  the  company,  where  it  appeared  that  he  was  23  years 
eld.  had  previously  earned  $2  a  day,  lost  the  sight  of  one 
eye  as  a  result  if  the  injury,  and  had  the  sight  of  the  other 
eye  impaired,  according  to  a  recent  decision  of  the  Maine  Su- 
preme Judicial  Caurt  handed  down  in  the  case  of  Rollins  vs. 
Central  Maine  Power  Co.,   91   "Atlantic  Reporter"   937. 

Duty  to  Maintain  Water  Glass — An  employer's  negligent 
failure  to  replace  a  broken  water  glass  on  a  stationary  boiler 
after  being  informed  of  the  break  may  be  found  to  be  the 
direct  cause  <  f  death  of  the  fireman,  caused  by  explosion  of 
the  boiler,  although  the  latter  could  have  detr;rmined  the 
stage  c  '  the  water  in  the  boiler  by  using  water  cocks  with 
which  the  boiler  r  :;s  equipped.  "Where  machinery  is  equipped 
with  more  than  one  safety  appliance,  and  one  of  these  appli- 
ances is  better  adapted  to  use  by  unskilled  persons  than  the 
other,  it  is  the  duty  of  the  master  to  use  reasonable  care  to 
keep  all  of  the  appliances  in  working  order,  so  that  the  ser- 
vant may  have  all  the  protection  that  the  conditions  surround- 
ing him  reasonably  permit.  And  the  reasonable  presumption 
is  that  an  em.ployee  like  Moreland  (the  fireman)  would  depend 
on  the  water  glass  more  than  on  the  water  cocks."  (More- 
land's  Administratrix  vs.  Hough  &  Spradlin,  1G9  "Southwest- 
ern Reporter,"   46".   Kentucky   Court  of  Appeals.) 


FUEL   ECONOMY    AND   CO-   RECORDERS.      By   A.    R.    Maujer 
and     Charles     H.     Bromley.       Published     by     McGraw-Hill 
Book    Co.,    New    York.       Cloth,     189     pages;     8i4x5V4     in. 
Price.    $1.50 
The  contents  of  this  book  first  appeared  in  the  "Engineers' 
Study  Course"  in   "Power."     The  aim  of  the  authors  has  been 
to   give   to   practical   operating   men   a   simple   yet   reasonably 
thorough    treatment    of   the    subjects    ^      combustion,    coal   an- 
alysis,   flue-gas    analysis,    heat    losses,    draft,    boiler    testing, 
feedwater  treatment   and  CO^  recorders. 

That  the  "Study  Course"  was  so  well  received  would  in- 
dicate that  the  book  will  fill  a  want  long  felt  by  the  pro- 
gressive operating  engineer  seeking  to  better  his  boiler- 
room   conditions. 

PRACTICAL  MATHEMATICS  FOR  ENGINEERS.  By  F. 
Hoovenden.  Published  bv  D.  Van  Nostrand  Co.,  New 
York.      Cloth;   144  pages.      B'^xS  in.      Price   $1. 

This  book  is  intended  chiefly  for  marine  engineers  and 
apprentices  following  marine  engineering.  As  the  book  was 
written  in  Great  Britain,  the  money  values,  etc.,  used  are 
English;  the  text  aims  to  coach  the  student  for  a  Board  of 
Trade    certificate. 

Beginning  with  numbers,  the  subject  is  followed,  as  in 
the  usual  arithmetic  through  to  mensuration.  Pages  98  to 
134  are  devoted  to  problems  in  mechanics,  the  nature  of  the 
problems  being  associated  almost  exclusively  with  marine 
engineering.  The  last  few  pages  contain  answers  to  many  of 
the   problems  given. 

HIGH-POWER    GAS    ENGINES.      By    H.    Dubbel.      Translated 
from    the    German    and    expanded    by    F.    Weinreb.      Pub- 
lished   by    D.    Van    Nostrand    Co.,    New    York.    1914.      Size 
"Vixll    in.;    197    pp.;    436    illustrations.      Price    $5    net. 
This   is   a  book   intended   essentially   for   the   designer.      As 
such,    much    of    the    elementary    and    general    matter    usually 
found    in    gas    engine    books    has    been    omitted    and    the    text 
devoted  to  the  special  problems  encountered  in  the  large  gas 
engine.       German     practice     predominates,     as     might     be     ex- 
pected, not  only  from  the  origin  of  the  book,  but  because  the 
Germans  have   been   pioneers  in   developing  the  large   gas   en- 
gine.     This  is   supplemented   by   present    English   practice   and 
a    few    American    designs.      The    illustrations    are    good    and 
assist  greatly  in  a  clear  understanding  of  the  text. 

INDICATOR    DIAGRAMS     FOR     MARINE     ENGIN'KERS.       By 

'W.  C.  McGibbon.     Published  by  D.  Van  Nostrand  Co.,  New 

York.     Third  edition.     Imitation  leather.     1S2  pages;  9%x8 

in.;  indexed,  with  list  of  illustrations.     Price.  S3. 

For   marine    engineers   this   is    the   best   work    on    the    in- 


dicator that  has  come  to  our  attention.  The  author  has 
met  his  endeavor  to  give  a  complete  treatment  of  the  sub- 
ject and  at  the  same  time  avoid  elaborate  mathematical  cal- 
culations. It  is  sufficient  to  say  that  the  book  does  not 
neglect  any  important  phase  of  steam-engine  indicator  prac- 
tice, and  this  may  be  appreciated  when  it  is  known  that 
there  are  159  illustrations,  mostly  of  diagrams  thoroughly 
considered.  The  diagrams  appear  in  white  on  a  black  back- 
ground. 

The  marine  engineer  will  find  this  a  most  useful  book. 

ELEMENTARY  MATHEMATICS  FOR  MARINE  ENGINEERS. 
By  J.  W.  M.  and  R.  M.  Sothern.  Published  by  D.  Van 
Nostrand  Co.,  New  York.  Cloth.  174  pages;  5%x8  in. 
Price    $1. 

The  field  of  this  book  is  fully  told  in  the  title.  The  vol- 
ume starts  with  elementary  algebra,  the  first  seventy-six 
pages  being  devoted  to  this  subject,  giving  it  a  reasonably 
thorough  treatment.  Logarithms  follow.  The  third  section 
is  rather  unusual  for  a  book  on  elementary  mathematii,s  for 
practical  men,  in  that  It  is  devoted  to  a  study  of  entropy. 

The  author  covers  the  subject  well  for  the  purpose  and, 
of  course,  finds  many  opportunities  to  put  to  use  the  student's 
knowledge  of  logarithms  as  offered  by  the  previous  chapter. 
There  are  nineteen  temperature-entropy  diagrams,  including 
three  which  are  large  and  inserted  so  that  for  the  principal 
problems  diagrams  are  shown  and  assist  the  student  in  fol- 
lowing this  much  disliked  subject.  The  last  chapter  is  a 
short   treatment   of  plane   trigonometry. 

A  dollar  is  a  fair  price  for  the  book,  and  a  marine  engi- 
neer   especially    would    not    regret    the    investment. 

HEAT  ENGINES.  By  John  R.  Allen  and  Joseph  A.  Bursley; 
second  edition.  Published  by  the  McGraw-Hill  Book  Co., 
New  York,  1914.  Size  6x9  in.,  320  pp.;  ISo  illustrations. 
Price  $3. 
The  scope  of  this  book  is  somewhat  broader  than  might 
be  inferred  from  the  title,  including  heat,  elementary  ther- 
modynamics, properties  of  steam,  calorimeters,  combustion 
and  fuels,  boilers,  auxiliaries,  steam  engines,  valve  gears, 
governors,  condensers  and  air  pumps,  steam  turbines,  gas 
engines  and  oil  engines.  Limitations  of  space  have  pre- 
cluded a  special  study  of  any  of  these  subjects,  but  enough 
is  giv  n  to  afford  the  reader  a  general  TA'orking  kno^vledge 
of  each.  Bearing  in  mind  its  purpose,  namely,  a  textbook 
tor  engineering  students,  it  appears  to  meet  the  require- 
ments, and,  ever,  is  one  of  the  few  college  textbooks 
suited  to  outsit  jdy  without  the  aid  of  the  instructor. 
For  such  use,  •  sm;iU  amount  of  higher  mathematics  con- 
tained in  the  text  need  •'■  prove  a  serious  obstacle.  A 
number  of  practi  al  ex'iraplcs  at  the  end  of  each  chapter 
add    to   a    clearer   under  landing   of   the   subjects   discussed. 

In    revising    the       ^  the    authors    have    rewritten    much 

of   the   text,   broaci      i-p  date   the   chapters   on   steam  tur- 

bines and  gas  engines,  and  dded  descriptions  of  such  later 
subjects   as   the    uniflow    engine   and    the   Humphrey    pump. 

Small     diarge     for    "ConNular    and     Trade     Reports" — The 

Department  of  Commerce  has  announced  that  to  meet  the 
constantly  increasing  demands  wiiich  were  far  in  excess  of 
the  edition  authorized  'oy  Congress  for  free  distribution,  a 
subscription  price  of  $2.50  a  year  was  fixed  for  the  "Daily 
Consular  and  Trade  Reports,"  effective  July  1,  1914.  Under 
this  plan  the  charge,  which  is  less  than  the  cost  of  printing 
and  paper,  permits  all  firms  and  individuals  who  desire  the 
publication  to  obtain  it  promptly.  Many  persons  who  were 
formerly  unable  to  obtain  the  reports  because  of  the  limited 
edition  fixed  by  law,  may  not  yet  be  aware  of  the  opportunity 
to  subscribe,  and  thus  have  access  to  the  commercial  informa- 
tion gathered  by  the  Federal  Government  from  all  the 
countries  of  the  world  for  the  benefit  of  .American  business 
houses.  Subscriptions  for  the  publication  are  received  by 
the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C,  at  $2.50  per  annum  mailed  daily,  and  $6 
per    .Tnnum    for    cloth-bnund    quarterly    volumes,    with    index. 


Boston  Edison  Co.  Annual  Meeting — The  annual  meeting 
of  the  Boston  Edison  Co.  Section  of  the  National  Electric  Light- 
Association  was  held  in  the  assembly  hall  of  the  Engineers' 
Club,  Tuesday  evening,  Oct.  20,  at  S  o'clock.  A  lecture  of 
special  interest  to  members,  on  "The  Hydraulic  Plant  of  the 
Mississippi  River  Power  Co.  at  Keokuk.  Iowa,"  was  given 
by  H.  T.  Edgar,  of  the  Stone  &  Webster  Corporation.  On 
the  completion  of  the  lecture,  stereopticon  illustrations  of 
the  plant  were  shown  by  D.  L.  Galusha,  of  the  same  corpor- 
ation. 
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The  Capacity  of  this  20,(»(I0-Kw.  I'urbinc  is  More  than  equivalent  to  that 
of  184  Engines  of  150  Up.  Each.     Is  your  plant  liable  to  be  absorbed? 
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SYNOPSIS— A  07o-kw.  plaid  supplyiiKj  :i4U-rull.  Iwu- 
phase  current  for  power,  JIO-voll,  dnglc-phasii  for  llghl- 
iiii)  and  :i.'iO-roU.  xlnqlc-phaf:e  for  special  heatiwj  service. 
Both  e.i-haiist  and  Urn  steam  are  used  for  f/Piirral  heal- 
ing. Refrigeration  is  supplied,  hij  a  carbonic  anhydride 
si/stem. 

Sea  view  Hospital,  recently  completed  by  the  Depart- 
ment of  Public  Charities  of  the  city  of  New  York  for 
tlie  care  of  its  tubercular  patients,  occupies  a  site  on 
Todt  Hill,  one  of  the  liii;hest  ])oints  on  Staten  Island,  and 
in  fact  on  the  Middle  Atlantic  coast.     It  consists  oT  iu'wn 


injj  electricity  from  the  Eiclimond  Light  &  Kailway  Co. 
The  serxice  of  the  local  company  at  that  time,  however, 
was  most  imsatisfactory  and,  as  all  overliead  distribution 
is  employed,  sunnner  tliunder  storms  often  seriously  in- 
terfered. Aside  from  the  economic  aspects  of  the  case, 
it  was  imperative  that  there  be  uninternipted  service  in 
the  operating  rooms,  which  fact  was  largely  responsible 
for  the  decision  in   favor  of  an  independent  plant. 

Although  entailing  a  somewhat  greater  cost,  a  two- 
phase,  four-wire,  alternating-current  system  was  selected 
in  preference  1o  tlio  three-wire,  direct-current.  The 
iliicf  aigiimcnt  in   favcir  of  tlio  allcnuiliiig-cnrrent  sys- 


FiG.  1.     Gexekal  View  or  IIu-iiial  bjj'iLi-  u  iru  I'uukk  lluu-i;  ix  Backghound 


five-story  ward  biuldings  arranged  in  a  crescent  (see  Fig. 
1)  and  connected  by  covered  passages  with  a  kitchen,  an 
administration  building,  an  operating  jjavilion,  a  nurses' 
home  and  a  staff  house.  A  central  power  and  heating 
plant  serves  the  group  through  a  series  of  pipe  tunnels. 
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Fig.  2.    Power  House 

As- shown  in  Fig.  2,  the  power  house  is  of  reinforced-con- 
crete: Construction,- with  Spanish. tile  roof  and  trimmings 
to 'correspond -in-arcliitectu  re  withthe  otlier  buildings. 

WJien  tlie  plans  for  tlie  institution  were  first  consid- 
ered, some  differences  of  opinion  existed  as  to  the  ad- 
visability of  installing  a  generating  plant  or  of  purchas- 


3.     Sectiox  TiiiiouGtr  Spbciai-  Bou>ei!  Setti-xg, 
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teni  appears  to  have  been  tlie  desire  to  render  tlie  etpii])- 
meiit  oiDcrative  from  the  breakdown  service  of  tlic  loiid 
company.*  This  has  since  been  disconnected  as  thci-e 
is  sufficient  reserve  ca]Jacity  to  insure  ini interrupted  o])- 


•Tliis  company  is  now  planning 
to  three-phase. 


lo  .'hansie  over  its  system 
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Fig.  4.     Boilei;  T?on-\T 

ci-ation.  Before  being  taken  out,  however,  it  did  serve 
I'or  ;i  period  of  several  weeks  as  a  breakdown  for  the 
lighting  company.  This  was  during  the  time  the  Liv- 
ingston station  was  badly  crippled  from  a  boiler  explo- 
sion and  the  hospital  plant  supplied  electricity  to  a  large 
section  of  the  island. 

BoiLEE-EooM  Equipment 
Steam  is  furnished  at  125  lb.  by  five  364-hp.,  B.  & 
W'.,  hand-fired  boilers  set  in  a  row,  in  batteries  of  two, 
and  one  single.  In  order  to  dispose  of  the  large  amount 
of  refuse  incident  to  hospital  work,  it  was  believed  tliat 
the  regular  boiler  i>l:nit  might  be  utilized,  and  according- 


1}',  one  of  the  batteries  was  provided  with  a  special  set- 
ting with  the  boiler  fronts  extended  and  an  incinerator 
furnace  at  the  rear,  as  shown  in  Pig.  3.  AVith  this  ar- 
rangement it  will  be  noted  that  both  horizontal  and  ver- 
tical baffles  are  employed.  However,  the  setting  has  not 
pro\ed  altogether  satisfactory  in  actual  operation  and  it 
is  understood  that  alterations  are  contemplated. 

In  order  to  burn  the  anthracite  coal  freely,  under  (or- 
dinary conditions  without  forcing,  ample  grate  area  has 
been  provided  for  all  tlie  boilers,  the  grates  being  8  ft. 
(i  in.  by  10  ft.  long,  thus  making  an  area  of  85  sq.ft.  and 
a  ratio  of  heating  surface  to  grate  surface  of  about  43  to 
1.  There  are  blowers  for  forcing  the  fires  when  neces- 
sary. 

The  flue  gases  discharge  through  a  lireeching  at  the 
rear  of  the  boilers  to  the  stack,  which  is  independent  of 
the  Ijoiler  house.  This  stack  is  of  reinforced  concrete, 
175  ft.  high  and  81/4  ft.  diameter  at  the  base,  represent- 
ing an  area  of  0.031  sq.ft.  per  boiler  horsepower  and  a 
ratio  of  stack  area  to  grate  area  of  1  to  7^. 

Over  the  boilers  is  a  1400-ton  coal  bunker  which  dis- 
charges through  an  automatic  weighing  hopper  and  chiite 
to  the  aisle  in  front  of  the  lioilers.  The  coal  is  carted;  to 
the  plant  by  automobile  trucks  from  Port  Eichmond,  a 
distance  of  about  three  miles,  and  is  dumped  in  a  hopper 
from  which  it  is  elevated  by  a  motor-driven  bucket  con- 
\eyor  to  the  storage  bunker.  No  special  means  have  been 
provided  for  handling  the  ashes,  it  being  necessary  to 
remove  them  through  the  ash  doors  at  the  boiler  fronts, 
thence  through  the  boiler  room. 

There  are  three  71/2  and  41^  by  10-in.  duplex  boiler- 
feed  pumps  supplemented  by  tnvo  injectors,  and  one  open 
feed-water  heater  utilizing  the  exhaust  from  the  auxil- 
iaries, and  capable  of  heating  45,000  lb.  of  water  per  hour 
from  70  to  210  deg.  A  venturi  meter  is  placed  in  the 
feed  line. 

The  boiler  feed  pumps,  hotwell  pumps  and  vacuum 
pumps  are  situated  in  a  pit  between  the  engine  and  boiler 
rooms. 

Steam  from  the  boilers  is  supplied  by  two  lines,  a  main 
and  an  auxiliary,  which  come  up  through  the  engine- 
room  floor  and  terminate  in  a  riser  to  the  overhead  line 
from  wliich  long-radius  branches  lead  to  the  throttles  of 
the  indivichial  units.  This  is  shown  in  Fig.  5,  the  riser 
being  just  back  of  the  oil  tank. 
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.Mai.v  Gexekatixi;  Units 
Tlu'su  (;onsist  of  tliruu  18  and  2S  l)y  14-in.  anglu-cuiii- 
]>-,,iiik1  engines  diiVL-tly  i-onnocted  to  "iOO-kv.a.,  two-pliiKc 
loiir-wire,   (iO-i-yelu,   :i;iO-volt  generators,   and   a   smaller 


tlie  Ct)o  Luuii)re.s»or>,  are  so  plaeed  as  to  reuder  them  al 
most  inaeeessible,  and  in  two  jolaces  it  was  found  neces' 
sary  to  cut  iioles  in  tlic  wall,  in  order  to  get  at  the  valves 
One  explanation  that  has  been  offered  for  this  erowdei 


unit  eoniprising  a  12  and  I'J  by  10-in.  angle-eompound 
engine  driving  a  lo-kv.a.  generator.  The  larger  units 
run  normally  at  25<'  r.p.ni.  and  the  smaller  one  at  300 
r.p.ni.  Excitation  at  125  volts  is  furnished  by  two  22- 
kw.,  engine-driven  exciters. 

The  large  units  were  purchased  on  a  steam  eousump- 
tiou  guarantee  of  23,  24  and  29  lb.  of  steam  jjer  horse- 
power-hour when  running  at  full,  three-quarters  and  hall" 
load.s,  respectively,  under  a  steam  pressure  of  125  lb.  and 
a  back  pressure  of  3  lb.  The  guarantee  for  the  smaller 
unit  under  like  conditions  was  23,  25  and  30  lb. 

As  is  apparent  from  Figs,  o  and  6,  the  engine  room  is 
badly  crowded:  in  fact,  some  of  the  units,  particularly 
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condition  is  that  turbines  with  fewer  units  were  original- 
ly contemplated  and  the  room  laid  oiit  accordingly. 

Heating  System  and  Auxiliary  Service' 

The  engines  exhaust  into  a  1-1-in.  exhaust  main,  which 
carries  steam  for  heating  to  the  various  wards  and  other 
buildings.  The  returns  from  the  heating  system  are  un- 
der a  \acuum  and  discharge  into  the  hotwell,  from  which 
they  are  pumped  to  the  heater.  A  small  plunger  pumi) 
handles  the  drips. 

Li\e  steam  at  80  lb.  is  sup])lied  to  the  kitchen,  laundry 
and  wards,  in  the  latter  for  sterilizers  and  food  warmers. 
With  approximately  150,000  sq.ft.  of  radiation,  the  heat- 
ing demand  in  cold  weather  is  far  in  excess  of  the  ex- 
haust-steam supply  and  considerable  live  steam  is  neces- 
sary. However,  it  is  planned  to  take  over  the  lighting  and 
|)ower  load  of  the  Farm  Colony  adjacent  to  the  hospital, 
which  will  hcl])  to  equalize  the  exhaust-steam  supply  and 
dcniand. 

The  ward  heating  is  laid  out  on  the  basis  of  one  square 
loot  of  radiation  to  19  cu.ft.  of  space.  This  extremely 
low  ratio  was  decided  upon  to  meet  the  peculiar  con- 
siderations of  the  service.  While  it  is  desirable  to  have 
the  wards  comparatively  cold  at  night,  with  plenty  of 
Iresh  air  from  the  outside,  it  is  necessary  that  they  be 
heated  up  quickly  in  the  morning  so  that  the  convalescent 
jjatients  may  have  warm  rooms  in  which  to  dress. 

Cold-water  service  to  the  various  buildings  is  supplied 
l)v  two  niotor-driven  centrifugal  punijjs,  which  deliver  into 
two  large  tanks  under  an  air  pressure  of  from  50  to  60 
lb.,  this  air  being  furnished  from  an  air  tank  whiei,  in 
turn,  is  supplied  by  a  locomotive-type  air  compressor. 
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Fir;,  s'.      Hi  \r,T;AM  of  Kr.ECTiiTCAi,  System 


'I'lic  iiKilors  (li-iviii,!;-  the  |iuiii])s  ;iiv  of  the  wouutl-ioloi- 
l>|'c  .iiiil  o|)(!r;ik'  juiloniiiticiillv  Ihruus'li  a  float  control. 
Siller  I  he  wniiM-  li'\cl  in  tlir  laiiks  is  luainlaini'd  antouial- 
ically.  IIr'  iIi-(i|i  in  air  |iiTssurc  is  very  sidw.  licnr-i'  liaixl 
(iiiili-dl    is   i'ni|ilii\f(l    lor   ihc  ciiinpi-cssdr. 

liul  walcr  is  lunii-lHil  liy  iwo  closed  lieaters.  liavin,:;' 
JHilli  e.\lian>l-  anil  li\e->l('am  euniioetiulis  and  .supplyin,:^- 
two  tiiiiall  moior-din.eii  eeni  rifuual  ]nini|is,  which  circidafi' 
il  li>  llic  \aiioii>  liuildinus.  'The  wad'i-  is  niainlained  al 
alioiil  I  10  lieu,  in  llie  healers.  TlicTe  is  a  liUration  |danl 
lor  drinkini;  watci'. 

l''irc  protection  i.s  allordcd  hy  a  large  ceutriluiial  jmnip. 
capahle  of  delivering  500  gal.  per  minute  against  a  pres 
sure  of  ]')0  Ih.  This  is  driven  at  1800  r.p.ni.  by  a  ".  ■">- 
hp.  wound-rotor  induction  motor,  having  a  drum-type  con- 
troller. 

Electukal   Equipment 

As  already  stated,  the  current  is  generated  at  210 
volts,  fiO  cycles,  two-]3hase,  and  is  conducted  by  four-wire 
circuits  to  the  generator  busbars,  from  which  two  3-wirr 
circuits  lead  to  the  power  and  the  heating  busbars,  respec- 
tively. From  the  former,  two-phase,  three-wire  circuits 
lead  to  the  various  motors  and  from  the  latter  single- 
jihase,  two-wire  circuits  lead  to  the  laundry,  and  to  the 
wards  for  incinerators  and  for  food  warmers. 

A  four-wire  circuit  from  the  generator  busbars  leads 
to  the  primaries  of  four  single-phase  1  to  1  transformers. 
The  secondaries  connect  with  2  two-phase,  three-wire 
circuits  supplying  the  lighting  feeders.  The  circuits 
in  the  various  buildings  are  taken  off  single-phase,  tn'o- 
wire.  The  object  of  the  transformers  is  to  effect  a  bal- 
ance of  the  lighting  load  between  the  phases.  Just  why 
;he  less  expensive  balancing  transformers  were  not  selected 
for  this  .service  has  not  been  .satisfactorily  explained.  Eef- 
ercncc  to  Fig.  S  will  make  plain  the  electrical  connections. 

Three  motor-generator  sets  supply  current  at  110  volts 
for  tlic  .\-ray  apparatus  and  food  conveyors  and  at  40 
\olts  for  eliargiiig  tiie  storage  batteries  of  the  tunnel 
cars. 

SwrrtiiitoAiiD 

The  switchboard  consists  of  ten  panels — four  genera- 
tor, one  exciter,  one  lighting,  one  power  aiul  heating, 
and  three  for  feeders  and  circuits.     The  leads  from  the 

three  200-kv.-a.  L'eiicrntors  arc  each  (iOO.OOO  I'ireular  mils 


I'Kl.    \).       (J<),MI'lil>M»li>    AMI    (J<l.\l)l-,.S.-lvli 


bic.   lu.     .s\\  iM  iiiiuAi.'ii  \mii>m;oi   nil;  Unit.- 


tilO 


r  0  W  E  E 


Vol.  10,  N"o.  It) 


Xo.     Equipment 

5  Boilers 

."»  Illowcrs 

1    Colli  conv.yur 
1   Motor 

1  Coul  woifrlu-r 
;i  Pumps 

2  lujectors 

1  Heater 

2  Pumps 


Kind 
H<fc  W.wat^T-tubc 

Turbine 

Bucket 

Induction 


PRINCIPAL    EQUIPMENT    OF    SE 
Size                                     Use 
;t  Iti  lip Main  steam  supply 


Duplex,  plunger. 
"Metropolitan".. 
"Stiliwcll"  open. 


.  .  Eurnace  draft 

Ueceiving  hopper  to  bunker 

10  hp Driving  coal  eonvcyor 

Weighing  coal  to  each  boiler 

71x43xlU-in Boiler  feed 

Boiler  feed 

Heating  feed  water 


WIEW  HOSPITAL  PLANT 

Operating  Conditions 
Hand  fired;    steam  pressure  125  lb., 

Motor  operated 


Tlii 


ct-acting.. 


1    I'l 

I    Water  meter. 

'.<  lOngines 

1  En;;ine 

2  Engines 

:J  Generators.. , 

1  Ccnenitor. . . . 

2  Exciters 


Plvmuer 

A'cnturi 

Angle-compnu  1  111 . . 
Angle-compound. . 

Simple 

AlternatinK  eurrci 
Alteniatini!  eum-i 
Dirert  curreni.. 


lOxlGxlfi-in Vacuum  on  heafii 

7;x4ixlO-in lletums  from  hi-iil 

7;x45xlO-in Drips  from  dry  t 

Boiler  feed  Hi 


IS  and  2Sxl4-in.. 
12  and  19xlO-in.. 

SxSi-in 

2(X)  kv.a 


Driving  main  generators. , 
Driving  main  cenerator. . . 

Driving  exciters 

I^ight,  heat  and  power. . .  . 
Light,  heat  and  power. . .  . 
lixcitation  for  main  unitt^. 


125  Ih. 
125  lb. 


I  Switchboard..     MarMr 


4  Transformer^.. 

2  Tanks 

2  I*umps 

2  Motors 


2  Starters. 

1  Comprcs: 

1  Tank... 

2  Heaters.. 
2  Pumps  . 
2  Motor*. . 
1    Pimip. . 

I    Motor.  .. 


1  to  1  ratio.  . . 
Horizontal. . . . 
Centrifugal..  . . 
Wound-rolor.  i 

dnction 

Automatic. . ,  . 


Locomotive  type. 


To  balance  lighting  load.  . 
House  service,  cold  water. 
Supply  house  scn'ice  tanks 


Two-pli^'-'  ■  i -uirr,i,n-..^,.i,.,  J}(l-v,,lt.     . 

Two-ph;is,'.  tnur-wire.  tiO-cvcle.  240-volt. . 

125-volt 

f  Lighting:  shigle-phase,    three-wire,    12()- 

I       240  volts 

I  Heating:  single-phase,  two-wire.  24t)-volt 
I  Power:  two-phase,  four-wire,  240-volt.. 
220  and  110  volts 

50  to  GO  lb.  pressure Henry  R.  Worthingtou 


Milker 
Babeock&  Wilcox  C... 
L.  .1.  Wing  Mfg.  Co. 
Conveying  Machinery  Co. 

Avery  Scale  Co. 
Heniy  R.  Worthington 
Haydeu  &  Derby  Mfg.  Co. 

Piatt  Iron  Wks. 

Henry  R.  Worthington 

Henry  R.  Worthington 

Henr>'  R.  Worthington 

Builders  Iron  Foundry 

American  Engine  Co. 

American  Engine  Co. 

American  Engine  Co, 

Fort  Wayne  Electric  Wks. 

Fort  Wayne  Electric  Wks. 

Fort  Wavne  Electric  Wka. 

1  One  half:  Fort  Wayne  Electric 

1       Wks. 

i  One    half:   Metropolitan    Elec. 

)       Mfg.  Co. 

Fort  Wayne  Electric  Wks. 


i  hp. 


!  pumps  18(H)  r.p.iu.,  automatic  flout  control General  Electric  Co. 


1  Filters 

13  romprc.'v'iors 
-  Conaenson*.. 

2  Engines 


Cylindrical .    . 
Centrifugal. 
Induction 
Centrifugal. . 
Wound-rotur 

duction. . 
Mechanical.  . 
CO. 


. .  .   Drivii  . 

.  . .   For  motors  on  house  : 

pumps Cutler-Hammer  Mfg.  Co. 

I>ax9jxl0-in House  ser\'icc  tanks 50  to  00  lb.  air  pressure,  hand  control. .  . .  Westinghouse  Air  Brake  Co. 

*  ft.  diameter.  .  .    .-\ir  supply  to  sen'ice  tanks. 

House  ser\ace,  hot  water. .  .  Water  at  140  deg 

Hot  wat^r  supply Henry  R.  Worthingtou 

3  h!) Driving  hot  water  pumps General  Electric  Co. 

.'i()0  gal.  i>er  min.  Fire  service IsOO  r.p.m.,  180  lb.  pressure Henr>'  R.  Worthington 

75  hp. .  . . 


Double  pipe. . 
Simple,  Corlii 


.  .  .  Driving  fire  pump Drum  type  controller General  Electric  Co. 

.  .  .  Drinking  water Roberts  Filter  Mfg.  Co. 

Ucfrigeration  system 50  atmospheres  discharge  pressure Kroeachell  Bros.  Ice  Mach.  Co 

Refrigeration  system Kroeschell  Bros.  Ice  Mach.  Co. 

lOxM-in Driving  compressors 125  lb.  steam  pressure Murray  Iron  Wks. 


iuiil  fi-0111  Uie  7')  kv.-a.  iiiacliiao.  No.  0000.  Between  the 
;|i'iierator  l)iisljars  and  eacli  iiiacliiiie  aro  a  four-iiole 
.-«itdi,  a  cii-fuit-breaker  aiul  i'lises,  -tSO-  and  350-  amp. 
Iiises  being  u.sed  for  the  larger  units  and  SOO-amjJ.  for  the 
.■iiiialler  one.  In  specifying  the  switclies,  a  current  den- 
sity of  800  am]},  jjer  ,-*q.in.  in  solid  parts,  100  amp.  in 
stationary  contact  .surfaces  and  50  amp.  for  movable 
roil  tact  surfaces  were  provided. 

Eefkigekatiok  System 

xis  a  safety  precaution,  a  carbonic  anhydride  (CO^) 
.system  of  refrigeration  was  selected,  since  any  leak  in  an 
ammonia  .sy.stem  around  a  hospital  might  prove  danger- 
ous. With  a  rated  capacity  of  CO  tons  of  refrigeration  for 
the  24  hours,  this  system  serves  the  Ijutcher  shop,  vege- 
table coolers,  milk  rooms,  ward  refrigerators  and  a  can-ice 
])lant,  besides  a  cooling-water  tank  from  which  cold  water 
is  circulated  throughout  the  hospital.  These  services  are 
ill  multiple,  with  pro\isiou  for  regulating  the  tciiqjcra- 
tiires  independently. 

There  are  two  coni2)lete  units,  each  consisting  of  a 
double-acting,  horizontal  coni])res.sor  driven  directly  by  a 
simjjle  Corliss  engine,  and  a  double-j)ipe  condenser  oper- 
ating on  the  countercurrent  principle.  The  CO,  is 
compressed  to  50  atmospheres  (750  lb.),  and  after  passing 
through  the  condenser,  goes  to  tlie  brine  tank,  from 
which  the  brine  is  circulated  by  motor-driven  centrifugal 
pumps. 

The  general  contractor  for  the  hosj^ital  was  Luke 
A.  Burke  &  Sons,  of  New  York,  with  L.  K.  Comstock  & 
Co.  as  sub-contractor  for  the  electrical  work,  this  part  of 
the  construction  being  supervised  by  the  Department  of 
Water  Supply,  Gas  and  E'ectricity.  William  J.  Baldwin 
was  consulting  engineer  on  the  mechanical  equipment  for 
the  general  contractor  during  tlie  latter  part  of  the  con- 
struction, and  the  architect  was  Eaymond  Almirall. 

b^rrata — In  the  table  of  principal  eciuipnient  of  the  Ken- 
tucky Traction  &  Terminal  Co.'s  plant,  published  in  the  Oct. 
13  issue,  the  60-  and  the  two  160-hp.  turbines  driving-  the 
circulating-water  pumps  were  credited  to  the  Kerr  Turbine 
Co.      They  were   built   by   the   Terry   Steam    Turbine   Co. 


IsiEa^^©fflm<Binift   im  th^e  B©lle5r 


By  D.  .F.  Cuynne 

Careful  attention  is  required  in  the  management  and 
operation  of  the  power-plant  boiler  room  equipped  with 
modern  apparatus,  such  as  mechanical  stokers,  overhead 
bunkers  and  ash-handling  machinery.  As  each  part  must 
be  kept  in  the  best  condition,  this  can  be  done  only  by 
careful  attention  by  the  employee  who  has  the  Irandling  of 
the  various  parts  assigned  to  him. 

Good  results  have  been  obtained  in  the  plant  with 
wliich  the  writer  is  connected.  The  plant  is  in  opera- 
tion twenty-four  hours  a  day;  the  day  load  is  much 
greater  than  the  night  load.  A  water  tender  is  in  charge 
of  each  watch  of  eight  hours,  each  man  being  held  re- 
sponsible for  the  care  and  cleanliness  of  the  entire  fire 
room  and  also  for  one  of  the  stoker  engines  and  feed 
pumps.  He  must  not  only  operate  this  equipment,  but 
keep  it  clean.  No  excuse  will  be  taken  for  lea\iiig  the 
plant  untidy  or  the  machinery  dirty.  In  addition  to  a 
well  kept  fire  room,  the  boilers  are  carefully  tired. 

It  must  not  lie  o\'erlooked,  however,  that  to  expect 
the  best  results  from  the  boiler-room  force,  the  conven- 
ience and  feelings  of  the  men  must  be  considered.  In  this 
plant,  every  article  and  tool  must  be  kept  in  its  place. 
.\.  quadrant  and  lever  are  in  front  of  each  boiler  for  op- 
crating  the  damper,  and  this  damper-operating  gear  gives 
the  fireman  no  excuse  for  wide  variations  in  steam  j^res- 
.sure  or  for  leaving  the  front  of  the  boilers.  Each  man  has 
a  chair  so  that  between  intervals  of  firing  or  cleaning 
he  can  rest  comfortably.  He  also  has  a  dust-proof  locker 
for  his  clothing. 

That  the  men  may  know  that  their  attention  to  duty 
is  recognized,  they  are  requested  to  make  suggestions  as 
to  operation  or  need  of  improvements  and  they  are  always 
accorded  a  careful  hearing.  ^Tienever  it  is  possible,  the 
men  are  given  a  day  off  wdieii  they  request  it  for  business 
or  recreation;  as  a  consequence,  they  are  seldom  absent 
without  permission. 
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The  following  instructions  for  plant  operation  are  care- 
fully carried  out  by  the  repair  man  and  others  concerned 
in  the  daily  routine: 

1.  Test  out  weekly  nil  boiler  settiners  and  brickwork  with 
a   candle. 

2.  Test  all  injectors  each  mornins  anil  permit  them  to 
run  for  a  short  time. 

3.  Keep  the  openings  around  the  rear  furnace  cleaning; 
doors  closed  with  asbestos  cement. 

I.  Examine  daily  all  boiler  drain  and  surface  blowoff 
valves  for  leakagre. 

.">.  Examine  furnace  fires  frequently.  Orates  must  be  kept 
properly   co\'ered   with   fuel. 

li.  Excess  clinker  must  be  cleaned  out  during  the  noon 
hour  or  the  ni^ht  watches. 

7.  All  firing  tools  must  be  kept  in  racks  made  for  them 
and   not   rested   against  the   boiler  fronts. 

S.  Remove  the  draft  gagres  twice  a  week,  clean  them  out 
and  fill  them  with  clear  water. 

9.  Clinker  breakers  are  to  be  given  a  turn  liy  hand  every 
30  min. 

10.  Water  in  all  boilers  must  be  maintained  at  the  same 
level. 

II.  S(enni    is    Id  lif   maintained    at    constant    pressure. 


'Uiafl'^es's®.!  Eiose  Tool 

For  some  time  J.  S.  McChesney  &  Co.,  of  Chicago, 
have  been  supplying  galvanized  steel  wire  hose  bands  of 
various  lengths  for  different  sizes  of  hose.  The.«e  bands 
secure  the  hose  to  the  nipple  over  which  it  fits  and  in  tiie 
power  plant  may  be  used  on  steam,  compressed  air  or 
vacuum  lines  employing  a  rubber  hose.  The  bands  arc 
electrically  welded  and,  when  properly  tightened  by  a 
tool  recently  designed  for  the  purpose,  have  withstood 
on  test  a  direct  pull  on  the  hose  of  600  lb. 

Tliis  tool  consists  of  a  rod  threaded  over  half  its 
length  with  a  slot  in  the  unthreaded  end  to  receive  one 
end  of  the  band.  The  other  band  end  is  slipped  over 
one  of  three  lugs  projecting  from  a  brass  sleeve  which 
may  be  moved  lengthwise  of  the  rod  by  means  of  a  hand- 
wheel  to  which  it  is  attached.  The  method  of  adjusting 
and  tightening  the  band  is  shown  in  the  accom]ianying 
illustrations. 
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12.  Coal    siftlnes   musi    bi 
quently. 

13.  The    fioor    ii 
must    be   kept   clean. 

14.  Operating  stems  on  the  feed   valves  to  the  boilers  .ire 
f  to  be   oiled    each   watch;   the   operating   and    track    wheels   on 

the  coal  tanks  arc  to  be  kei>t  well  lubricated:  all  parts  of 
the  coal-  and  .Msh-handllng  apparatus  are  to  be  examined 
every  day  and  kept  properly  lubricated  and  cleaned. 

LI.  Back  connections  of  the  banked  boilers  are  to  be 
cleaned  of  accumulated  clinker.<i  and  ashes  during  the  night 
watches. 

Ifj.  When  the  boilers  are  shut  down  for  cleaning  and 
repairs,  .'ill  the  valves  are  to  be  examined;  new  brickwork 
done.  If  reciuired;  clinker  breakers  examined  and  repaired; 
grate  bars  renewed,  if  required;  all  leaking  tube  caps  made 
light;  baffle  bricks  renewed  where  necessary;  all  tubes  in 
lower  row  to  be  thoroughly  scraped  and  denned;  all  soot  to 
be  cleaned  from  tops  of  tubes;  steam  drum  to  be  thoroughly 
scraped  and  cleaned  and  superheater  to  be  examined  and  thor- 
nughly  cleaned. 

17.     Soot   Is  to  be  cleaned   from   boilers  in   service  daily. 

15.  Each  stoker  engine  and  boiler  feed  pump  is  to  be 
inspected   daily   and    examined    weekly. 


PirsI  thi'  small  end  nf  Ihc  baud  is  |)hicc(l  on  the  liosc. 
as  ill  Fig.  1  :  tiieii  the  large  end  is  looped  over  the  smaller. 
Pig.  2.  anil  the  tool  is  phiced  within  the  loops.  Fig.  :i. 
'I'o  tighten  the  band,  the  Juindwheel  is  turned  to  the 
right,  and  when  the  proper  tension  lias  iieeii  secured, 
the  tool  is  .swung  up,  as  in  Fig.  I,  and  removed,  'riic 
filial  operation.  Fig.  5.  is  to  clip  off  and  turn  over  the 
ends. 

liiipiilHr  \Mirel  for  ."UlS-Pt.  Hpnd — Among  the  ixliibil."-  of 
till,  liini  cif  I'iciard.  IMccct  &  Co..  Geneva.  Switzerland.  :il  tlie 
.Swiss  .N'ational  Exposition  being  held  at  Rerne,  Switzerland, 
is  an  impulse  wheel  built  for  the  Fully  high  head  plant  of 
the  Socii'tt-  d'Electrocbimie,  a  French  company.  TIiI.h  is  a 
horizontal  shaft  wheel  which  will  develop  3000  hp.  iil  fiOO 
r.p.m.  Its  wheel  diameter  is  1 1  Vi  fl.  and  the  jet  diameler 
is  H4  in.  The  Fully  plant  will  have  the  hlRln-st  head  wiilei- 
power  in  tlie  world  by  n  consldernhli'  margin.  No  mai-iiin-' 
for   such    severe    ronditions   lias   been    built    prior    In    tliis    one. 
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J>Y  F.  A.  Annett 

SVXOPSIS — Opni  drcuif'^  ill  lap-  ami  irave-irnund  nr-  lieaw.   .sometimes,   almost   rencliinp'   from    one   brush    to 

matures;  their  detection   ami   means  of  orercomini/   the  the  other.     It  soon  oats  nv.ny  the  mica  Ih'Iuccii  the  two 

troulile.  cominntator  segments   correspoudiiii;-  to   the    laultv   coil 

jg  and  thus  gives  an  indication  as  to  its  locatiiMi.    'I'lie  iiiim- 

The  armature  of  the  direct-current  machine  is  a  vital  ber  of  burnt'spots  on  the  commutator  causc<l  hy  nii  o|h.ii    « 

part  and  probably  90  per  cent,  of  the  operating  troubles  coil  in  the  armature  depends  upon  tiie  way  tiie  windinii'    i 

may  be  traced  to  this  source.  Armature  faults  may  be  is  connected.     If  parallel  wound   (sometimes  called  lao    :! 

divided  into  four  classifications,  namely:  Open  circuits,  wound)   there  will  be  only  one  burnt  spot  on  the  coin- 


Abmatit.e  Wixdixos  Shoavixg  Oi'HX  CiKTiiTs  AM)  ('n;i;K\  r  J  )ii:Hr'i'iox> 


.-hort-circuits.  grounds  anil  (•r-iis>-imiiici-tc(l  cuils.   The  lirst  iiiiilainr  for  any  open  cdil   in  tlir  arniatiirc  winiling.  'riiis 

Ihree  may  dc\<>lci|i  at  any  linic.  wbiK'  the  la>r  is  <lirc(ily  will  (ncnr  |jiM\\ccn  llic  UTininals  of  the  (j)irn  coil,  which 

the  fault  of  the  workman  who  niailc  llu'  connections  !)(>-  will  Ijc  made  clear  liy  rcrci'i'ing  to   l-'ig.   I.  showing  a  ro\tr- 

I ween  the  coils  and  the  commiilator.  i>olc  ]inrallcl-c()imcc|cd   aiinajni'c   windiiii;. 

.\n  open-circuit   in   the  ai-matnrc   winding  mav   occur  'I'lic   winding   is  sn|i|i(iscd   to   Ijc  cut   through  one  side 

cither  in  the  l)ody  of  the  windiiii;  oi-  more  ol'tcn   where  and    laid   out   I'at^  on   the   |ia|ici'  and   an   open   circuit  is 

the  coil  leads  coniu'ct  to  the  commutator,  the  coil   Icnils  slidwn  at  .\^  in  coil  '.).     I'.y  tracing  out  the  current  froni 

lireaking  off  up  close  to  the  commutator  bars.     An  open  brush  JL,.  it  w  ill  lie  seen  that  current  <an  How  from  com- 

coil  in  the  armature  will  cause  severe   s])arking  at    the  mutator  segment   /  to  segment  e  ami  mi  around  through 

brushes,  and  the  cause  of  Ihe  trouble  is  usually  ap]iarent  the  winding  to  hrush  /;,.  as  indicated  by  the  arrow-heads, 

from   the  nature  of  the  spark,   which   is   very   Imig  and  but    cannot    How    from  /  to   ij :   tbei'efore,   no  current  is 
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flowing  from  brush  B„  to  brush  B^.  If  the  armature 
moves  in  the  direction  indicated  by  the  arrow  /,  when 
brush  -B,  rests  on  segment  g,  current  cannot  flow  from 
5,  to  Bi  as  before,  Ijut  can  flow  from  B.,  to  £.,.  This 
opening  of  tlie  circuit  between  B^  and  5,  and  closing  be- 
tween B^  and  B^,  causes  a  severe  spark  between  segments 
/  and  g,  which  are  the  segments  that  the  terminal  of  the 
open  coil  are  connected  to;  this,  as  before  stated,  gives  a 
clear  indication  as  to  the  location  of  the  faulty  coil. 

If  the  open  circuit  cannot  be  located  outside  of  the  coil 
the  trouble  may  Ije  remedied  by  connecting  segments  /  and 
g.  One  way  of  doing  this  would  be  to  cut  a  little  of  the 
mica  away  from  between  the  outside  corners  of  seg- 
ments /  and  g  with  a  hacksaw  and  then  expand  them  until 
they  come  in  contact  with  one  another  across  the  insu- 
lation. A  better  way  is  to  solder  a  jumper  between  the 
two  segments  as  shown  by  the  dotted  line;  this  conection 
bridges  the  break  in  the  armature  circuit,  and  instead 
of  the  current  flowing  from  f  to  g  through  coil  !).  it  flows 
directly  through  the  jumper  .«. 

In  an  armature  which  is  series,  or  wave  wound,  there 
will  be  a  burnt  spot  on  the  commutator  for  every  pair 
of  poles,  that  is,  if  the  machine  has  four  poles  there  will 
be  two  burnt  spots,  if  si.x  poles,  three  burnt  spots,  etc. 

In  Fig.  2  is  shown  diagramaticaly  a  four-pole  series- 
connected  armature  winding.  By  tracing  out  the  circuits 
it  will  be  seen  that  the  winding  progresses  around  the  ar- 
mature in  a  series  of  waves.  Instead  of  the  coil  terminals 
connecting  to  adjacent  commutator  bars,  as  in  Fig.  1, 
they  are  connected  to  bars  located  approximately  two  pole 
spaces  apart,  or  in  this  case  a])proximately  one-half  the 
circumference  of  the  commutator.  In  the  six-pole  ma- 
chine, the  coil  terminals  would  be  connected  to  segments 


located  about  one-third  of  the  commutator  circumference 
apart,  etc. 

Coil  14  is  shown  open  at  X  and  l)y  following  out  the 
circuit  from  brush  i>',,  it  will  be  found  that  current  can 
flow  around  to  brush  B^  in  tlie  path  indicated  by  the  ar- 
row-heads, but  cannot  flow  through  the  path  where  the 
conductors,  are  left  blank.- 

If  the  armature  moves  in  the  direction  indicated  by  tlic 
arrow  t  until  brushes  B^  and  B.,  rest  on  segments  li  and 
/,  as  in  Fig.  :5,  current  will  flow  in  the  path  indicated  by 
the  arrow-heads.  In  Fig.  3,  it  will  be  seen  that  current 
is  flowing  in  the  conductors  that  were  dead  in  Fig.  2, 
and  the  conductors  that  were  carrying  current  in  Fig.  2 
are  dead  in  Fig.  :>.  This  changing  of  the  current  from 
one  path  to  another  causes  a  severe  spark  lietween  seg- 
ments g  and  /(,  as  described  in  Fig.  1.  However,  in  Figs. 
2  and  :>,  when  segments  p  and  q  jiass  the  brushes,  a  sjiark 
will  occur  between  them  for  this  is  the  other  end  of  the 
open  coil.  Connecting  the  two  segments  together  at 
either  end  of  the  burnt  spots  will  close  the  open  circuit, 
as  in  Figs.  4  and  5.  Fig.  4  shows  the  break  closed  by  con- 
necting a  jumper  .«  between  segments  g  and  //,  and  in  Fig. 
5  it  is  closed  l)y  connecting  a  jumper  between  segment" 
p  and  f/. 

In  either  case  this  has  dosed  the  open  circuit  but  has 
also  cut  out  a  good  coil,  along  with  the  open  one,  as  it 
will  be  seen  by  tracing  out  the  current  that  coil  6  is  cut 
out  of  circuit  along  with  coil  14,  which  is  the  faultv 
one.  A  better  method  of  repairing  the  fault  would  be  to 
connect  a  jumper  across  the  back  of  the  commutator  from 
segment  //  to  segment  /).  as  at  .v.  Fig.  6.  This  connects 
the  ends  of  the  faulty  coil,  whicli  is  the  only  one  cut  out 
of  circuit,  as  indicated  by  the  arrow-heads. 


Willi 


'UflSS^ 


'9 


SYNOPSIS— Will  Quizz  minis  1o  l,-iio,r  Imr  to  dftr-r- 
mine  hov  much  vater  shovid  be  evaporated  hrj  coal  of  a 
given  fjuality  or  B.f.u.  value. 

"The  other  day,  Cliief,  you  told  mc  tliut  cacli  R.t.u. 
was  equal  to  778  foot-pounds  of  work  (ir  mechanical  en- 
ergy." 

"Yes,  that  is  the  mechanical  ofpiivalcnt  of  boat." 

"Well,  since  then  I  have  been  looking  uji  the  tabic  of 
values  of  various  coals  and  find  that  they  run  as  high  as 
15,000  B.t.u.  per  pouml." 

"Yes,  good  coal  has  that  value." 

"Then,  each  pound  of  14.0nO-B.t.u.  coal  burned  per 
hour  .should  prodiu'O 

77S  X  14.000  =  10,802.000  fool-poviifis  of  riieigi/ 
which  would  be  erpial  to  '>.■>  bp.  jicr  pound  of  coal  per 
hour." 

"Tiight  you  are.  Will:  if  there  were  no  losses  in  tlio 
procpss  it  would  be  possible  to  get  oVI;  ''I-  '"'"■  "'"'  bour 
from  eaili  ])ound  of  su(h  cual.  Wluil  do  we  get?  Is  it 
anywhere  near  that  figure? 

"T  am  a.shamed  to  say.  if  thoiv  figures  arc  right.  T 
giU'ss  it  is  nearer  the  reverse.  '>Y^  !'>•  P'^i"  horsppowcr-hour 
i ill-lend  of  ."ilA  b|i.-hr.  per  jjonnd." 

Tlie  full  heat  value  of  fuel  cannol  be  rcalizecl  in  prae- 
'      .  but  in  order  to  have  a  basis  of  comparison,  if  is 


iic(cssary  to  know  llic  tlu'rmal  limitations,  and  strive  to 
attain  as  near  the  maximum  as  possililc.  After  finding 
the  calorific  value  of  the  coal,  the  next  step  in  the  ])rocess 
is  to  find  the  theoretical  evaporation  of  water  per  i^ound 
of  ibat  coal.  The  total  beat  of  steam,  as  shown  in  the 
steam  tables,  as  refori'cd  to  in  onr  jirevious  (bat,  makes 
it  possible  to  predict  the  limit  of  the  evaporative  ca]iacity 
of  any  fuel  wbcn  its  calorific  power  is  known.  Thus 
the  ])ounds  of  water  evaporated  per  pound  of  fuel  burned 
will  be  the  ijuoticnf  found  by  dividing  the  total  heat 
(above  the  feed  wafer)  in  the  steam,  at  a  given  temper- 
attire  and  pressure,  info  the  calorific  power  (B.t.u.)  per 
pound  of  the  fuel.  For  c\am)ilc.  coal  of  1  1.070  H.t.u. 
would  evaporate  at  atmospheric  pressure,  or  from  and  a) 
212  deg..  nearly  111/;  ]iounds  of  water. 
/i./.v.  14,070 


Inlftl  lent        070.1 


=  14.5  ///.  (IT  vafer 


".Vt  biffbcr  pressure,  or  with  feed  water  below  212  deg. 
(either  or  both),  the  value  of  Ibe  divisor  (070. H  W(udd 
increa.se.  an<l  with  the  dividend  or  the  B.f.u.  in  the  coal 
remaining  the  same,  the  fjuotient  represenfing  the  pounds 
of  water  evaporated  would  grow  less.  As  an  example  of 
the  above,  .suppose  fhaf  feed  water  of  only  10(i  deg.  is 
to  be  made  into  steam  at  100  lb.  gage,  the  total  bent  would 
be  10S:1.  to  be  divided  into  the  1  1,070  B.f.u..  which  wotdd 
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aivf  only  13  lb.  evaporation  per  pound  of  tlio  same  toal. 
or  course,  this  figure  is  uever  reached  in  boiler  jiraetice. 

■•The  Josses  in  the  boiler  room  are : 

■"1.  liaising  the  air  from  the  temperature  of  the  ninni 
to  tiiat  of  the  gas  in  the  flue. 

"2.  Evaporating  and  superheating  any  water  in  the 
fuel  and  the  air. 

"3.     Heating  earthy  matter  or  ash  in  the  coal. 

'"4.  Heating  the  fresh  fuel  and  gases  to  a  point  at 
which  they  will  burn. 

'•'5.     Eadiation  from  boiler  setting,  etc. 

All  of  the  foregoing  are  practically  unavoidable.  Oth- 
ers which  are  more  or  less  preventable  are: 

"6.     Unbumed  fuel  dropping  into  the  ashpit. 


'"7.     Unnecessarily  high  temperature  in  the  stack. 

"8.  Incomplete  combustion  allowijig  unconsumed  r.w- 
lion  and  smoke  to  escape  from  the  stack. 

"iK  E.Keess  air  introduced  either  below  the  grate  or 
above  it  or  beyond  the  bridge  wall. 

"10.  Discharging  solid  carlion  in  the  form  of  sparks 
or  cinder  from  the  stack.  These,  together,  may  amount 
to  35  to  35  per  cent. 

"So  you  see,  Will,  it  requires  eternal  vigilance  to  get 
anywhere  near  the  possible  thermal  elliciency  of  the  fuel 
into  the  steam.  Then  there  are  losses  all  along  the  line 
after  that.  But  the  despised  boiler  is  a  more  efficient 
piece  of  apparatus  than  the  engine,  notwithstanding  the 
difference  in  their  polish." 
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SYNOPSIS—Tclh  what  rhararterisiirs  uih  should  hare 
for  different  services  and  how  to  lest  Iheiii  for  Iheso  hij 
simple  methods. 

'*■ 
Friction  may  be  defined  as  the  resistance  offered  to  the 
motion  of  one  body  sliding  or  rolling  over  another. 

Friction  and  Lubrication 

To  make  the  relation  between  lubrication  and  friction 
easily  understandable,  consider  Fig.  1.  The  body  A  is  at 
rest  upon  the  inclined  plane  B.  The  angle  of  the  plane 
is  increased  so  that  the  friction  between  the  body  and  the 
plane  \Till  just  prevent  the  body  from  sliding  down.  The 
static  friction  (friction  of  rest)  between  the  body  and 
the  plane  will  be  dependent  upon  three  factor.* — i.e.,  the 
conditions  of  the  surfaces,  the  degree  of  the  angle  of 
the  plane  and  the  weight  or  pressure  of  A.  If  thj  angle 
is  increased  to  a  point  where  the  body  gains  motion,  it 
wiU  be  formd  that  the  kinetic  friction  (friction  of  mo- 
tion) is  much  less  than  the  friction  of  rest.  With  the  in- 
troduction of  a  lubricant  between  the  body  and  the  plane, 
the  angle  may  be  decreased  and  yet  the  body  will  gain 
motion.  After  the  introduction  of  the  lubricant  the 
friction  will  no  longer  take  place  between  the  body  and 
the  plane  but  between  the  surfaces  of  the  plane  and  the 
lubricant  and  the  body  and  the  lubricant,  ilolecular  or 
internal  friction  also  exists  in  the  oil  and  increases  with 
the  viscosity  of  ■  the  lubricant,  if  an  ultra- viscid  oil  was 
introduced  ^  between  A  and  B  it  would  tend  to  retard 
motion  rather  than  to  assist  it.  The  coefficient  of  friction 
is  the  ratio  of  the  force  of  friction  to  the  normal  pres- 
sure. The  coefficient  of  friction  for  dry  or  poorly  lubri- 
cated surfaces  is  independent  of  the  area  of  contact  and 
the  velocity.* 

In  a  well  lubricated  bearing  the  amount  of  friction  is 
not  I'onstant ;  it  varies  with  the  Nelncity  and  the  tem]ier- 
atnre.  The  friction  tends  to  deci-cas(!  until  a  temperature 
cif  15  deg.  F.  or  o\er  is  reai-hed,  an<l  in  most  oils  after 
it  is  reached,  the  friction  increases  quite  rapidly.  This 
is  due  to  the  oil  losing  its  viscosity  through  excessive 
lieat.  thus  causing  it  to  become  so  tliin  that  it  is  squeezed 

•When  spealcins:  of  the  coemcicnt  of  friction  boina'  indi- 
peiident  of  velocity,  it  is  used  only  when  ri-fevrinir  ti>  liinetic 
friftion,  as  static  friction  is  sreatcr. 


out  of  the  bearing  and  the  conditions  of  a  dry  bearing  arc 
approached.  The  temperature  at  which  different  oils  are 
affected  depends  upon  the  properties  of  the  nils. 

In  the  lubrication  of  machinery,  the  lighter  the  shaft 
and  the  greater  the  speed,  the  less  viscid  will  be  the  oil 
lequired  to  lubricate  it.  If  an  extremely  hea\y  or  \i>- 
cid  oil  were  introduced  between  the  bearings  of  a  small 
spindle  traveling  thousands  of  revolutions  per  min- 
ute, the  cohesive  force  relative  to  Ihe  niolecubir  con-^truc- 


Angle  of  Bssi- 

mihoui-  Lubriccrlior, 


^nqfle  of  MoHor) 
tvi-fh  Lubn'ceH^/on 
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tion  of  the  oil  would  be  far  too  great  and  could  not  be 
overcome  without  an  increased  amount  of  friction  be-- 
tween  the  surfaces  of  the  bearings  and'  the  lubricant. 
But,  if  a  thin  oil  were  used  to  lubricate  large  bearing 
carrying  great  pressure  and  operaiing.at  knv  speed,  thd 
reverse  conditions  would  result.  Tlie  oil' would  not  ]X)S 
scss  sufficient  viscosity  to  reinain  between  the  .surface 
but  would  be  squeezed  out  and  a  hot  bearing  result.  Wliefl 
the  pressure  is  small  and  the  speed  l:iv:ii.  .-i  Inliricant  of  ■ 
low  vi.seosity  is  to  be  desired.'  When  the  jiressure  is 
great  and  the  speed  low,  one  of  great  viscosity  is  to  bi 
sought.  In  most  cases,  it  will  be  found  that  high  prei^ 
.surcs  are  intimately  connected  with  slow  motion  and  light 
pressures  with  greater  motion. 

'['(lo  much  stress  cannot  be  laid  ujion  the  importance 
of  selecting  a  lubricant  for  a  >pecilic  |uirpose — one  that 
will  in  e\cry  way  meet  the  condiiions  under  which  it  is 
to  operate.  An  oil  prepared  1o  withstand  the  high  tem- 
lieratures  of  gas-engiue  lubrication  could  not  bo  success- 
fully em]doyed  for  another  purpose.  If  a  manufacturer 
]irepares  an  oil  for  low-temperature  use  it  could  not  meet 
the  re(|niremcnts  of  gn«-cngine  lubrication,   for  that  oil 
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possesses  certain  properties  which  it  can  retain  only 
when  operating  under  the  conditions  for  whicli  it  was 
intended.  An  oil  for  low  temperatures  is  worthl^'ss  for 
high  temperatures,  for  the  oil  would  immediately  lose 
its  viscosity  and  carbonize.  When  an  oil  carbonizes,  the 
hydrogen  passes  ofP  in  its  natural  state — a  gas,  leaving 
the  carbon  a  solid,  impure  mass. 

Selection  of  Lubricants 

In  the  selection  of  lubricants,  the  conditions  under 
which  they  are  to  be  used  should  first  be  approximated — 
i.e.,  pressure,  speed  and,  in  some  cases,  temperature.  It 
is  the  practice  in  many  places  to  use  the  same  oil  on 
small,  high-speed  machines  as  on  the  hangers  of  the 
line-shaft.  The  universal  use  of  one  oil  in  any  plant  is 
due  to  ignorance  rather  than  economy. 

Animal  and  Vegetable  Oils 

The  compositions  of  animal  and  vegetable  oils  are  ex- 
tremely complex,  being  mixtures  of  organic  salts  of  or- 
ganic acids,  alcohols  and  hydrocarbons.  They  appear 
both  as  oils  and  fats,  but  their  solidification  is  merely 
a  physical  property  and  entirely  dependent  upon  temper- 
ature. These  oils  are  referred  to  by  many  chemists  as 
"glycerides"  as  they  are  capable  of  yielding  glycerine 
by  the  process  of  saponification. 

Vegetable  oils  are  divided  into  two  distinct  classes, 
the  volatile  and  the  fatty  oils.  Their  identification  may 
be  readily  learned  by  a  very  simple  method.  Volatile  oils 
will  not  leave  a  fixed  stain  upon  paper ;  fatty  oils  v\  ill. 

Vegetable  and  animal  oils  are  little  u.sed  today  as  lubri- 
cants, being  almost  entirely  replaced  by  hydrocarbons. 
With  the  increase  of  manufacture  by  machinery  and  the 
dawn  of  motor  traction,  these  oils  soon  become  scarce 
and  expensive. 

iliNERAL   Oils 

Hydrocarljons  or  mineral  oils  arc,  as  their  name  im- 
plies, compounds  of  hydrogen  and  carbon,  the  general 
chemical  expression  being  C'nllon  +  2-  These  two  com- 
mon elements  unite  in  varying  ])roportions  to  form  many 
hydrocarbon  compounds,  each  with  its  individual  char- 
acteristics. The  more  heavy  or  viscid  mixtures  are  used 
extensively  as  lubricants.  The  American  petroleum-pro- 
ducing sections  are  Pennsylvania,  Ohio,  California  and 
Ontario.  Certain  parts  of  Russia  are  aLso  rich  in  pe- 
troleum. While  hydrogen  and  carbon  are  the  chief  con- 
stituents of  petroleum,  nitrogen,  o.xygen  and  sulphur  are 
al.so  found ;  sulphur  is  a  very  objectionable  ingredient. 
Ohio,  California  and  Canadian  petroleums  contain  some 
sulphur. 

M  KIM  ions  ()]■■  Ti;sTiN<i  LunitiCANT.s 

In  the  following  paragraphs  arc  explaincil  tlic  more 
important  tests  and  their  simple  execution. 

Vi.'<co.'<ity  Te.st — Viscosity  is  the  degree  of  fluidity, 
depending  upon  molecular  or  internal  friction.  It  is 
relative  to  the  internal  properties,  cohesion  and  adhesion. 
The  greater  the  amount  of  cohesion  between  the  ])articles 
of  oil,  the  greater  the  i)ressure  the  oil  will  be  able  to  with- 
stand Ijefore  its  particles  are  broken.  Adhesion  is  also  an 
imptortant  function,  and  is  the  amount  of  affinity  an  oil 
shows  in  attaching  itself  to  foreign  bodies  or  surfaces. 
The  closer  an  oil  will  adhere  to  tiie  surface  of  a  bearing, 
the  better  it  will  resist  the  pressure  on  it.    It  i.s  essential 


tliat  a  good  luljricating  oil  possess  a  fairly  high  degree 
of  adhesion — that  is,  a  good  lubricant  to  a  reasonable  ex- 
tent must  be  both  adhesive  and  cohesive,  the  two  prop- 
erties being  intimately  connected  with  viscosity.  It  is 
generally  conceded  amoi/g  oil  dealers  and  users  that  an 
oil,  to  be  a  good  lubricant,  must  have  a  high  degree  of 
viscosity.  This  is  erroneous.  The  viscosity  should  be 
in  proportion  to  the  weight  ot  pressure  under  whiih  it  is 
to  be  used;  great  viscosity  for  heavy  pressures,  and  vice 
versa.  Some  oils  break  down  in  places  when  fonning  a 
film  between  bearings.  The  increased  friction  which  will 
result  from  this  raises  the  temperature  objectionably 
and  lowers  the  viscosity.  With  one  condition  assisting 
the  other  the  bearing  will  soon  give  trouble. 

Oil  viscosity  is  determined  by  two  different  principles. 
One  depends  upon  the  time  required  for  a  given  quan- 
tity to  pass  through  an  orifice  of  standard  dimensions; 
the  other  is  based  upon  the  resistance  to  motion  offered 
a  rotating  disk  by  the  oil.  Because  of  the  simplicity  and 
accuracy  of  the  former  method  it  is  universally  used. 

A  common  and  simple  method  of  testing  the  relative 
viscosity  of  different  oils  without  any  especially  designed 
apparatus  is  to  fill  a  glass  pipette  with  the  oil  to  be  tested 
and  record  the  time  it  requires  to  run  out.  This  method 
is  accurate  enough  in  comparing  oils,  and  can  be  en- 
hanced by  keeping  the  oil  temperature  uniform. 

Flash  Tests — The  flash  point  is  important,  especially 
if  the  lubricant  is  to  be  used  under  high  temperatures. 
The  usual  way  to  test  for  flash  point  is  to  heat  a  small 
quantity  of  oil  in  an  evaporating  dish  over  a  bunsen 
burner.  The  temperature  should  not  rise  over  8  deg. 
F.  per  minute,  as  accurate  results  cannot  be  obtained. 
After  the  temperature  has  reached  about  150  deg.  F.,  a 
small  flame  should  be  brought  near  the  surface  of  the 
oil  and  applied  at  every  one  or  two  degrees  rise.  Pres- 
ently, a  snappy,  blue  flame  will  shoot  across  the  surface 
of  the  oil.  The  temperature  should  be  recorded  at  the 
appearance  of  the  flame  as  that  is  the  flash  point.  A 
flash  point  of  350  deg.  F.  is  sufficiently  high  for  oils 
for  ordinary  lubrication ;  lubricants  for  gas  engines 
should  have  a  flash  point  of  over  500  deg. 

Burning  Point — If  heating  the  oil  is  continued  and  the 
flame  applied  at  regular  intervals,  the  blue  flame  will  ap- 
pear more  frequently  and  increase  both  in  frequency  and 
volume  in  ratio  to  the  rise  in  temperature.  When  the 
temperature  reaches  a  certain  degree  the  flame  fails  to 
automatically  extinguish  itself  and  remains  on  the  sur- 
face. This  should  again  be  carefully  noted;  it  is  the 
luirning  point. 

Another  method  of  obtaining  the  liurning  and  flasji- 
ing  ])()int  of  oils  is  the  "closed  flash  test,"'  and  is  carried 
out  in  an  inclosed  compartment  heated  in  the  usual  man- 
ner.   The  results  differ  fifteen  or  twenty  degrees. 

Evaporation  Test — A  small  quantity  of  the  oil  is  care- 
fully weighed,  ])laced  in  a  small,  open  dish  and  subjected 
to  a  temperature  of  212  deg.  F.  in  a  closed  compartment 
for  21  hours.  For  accurate  results  the  temperature 
should  be  kept  as  uniform  as  possil)lc.  The  oil  is  tlicn 
reweighed  and  the  amount  evaporated  learned  by  sub- 
tracting its  original  weight  with  the  latter  result.  Be- 
tween 0.25  and  0.5  ])cr  cent,  is  a  connnon  amount  for  an 
oil  to  decrca.sc.  Any  oil  losing  more  than  .'5  per  cent, 
should  be  regarded  with  suspicion.  When  cylinder  oils 
are  being  tested  it  is  customary  to  increase  the  temper- 
ature to  350  deg.,  weighing  every  hour  and  noting  the 
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rate  of  evaporation.  A  cylinder  oil  losing  2  per  cent,  in 
50  or  60  hours  is  quite  safe. 

Specific-Gravity  Test — The  two  most  common  methods 
of  learning  the  specific  gravity  of  an  oil  are  by  means  of 
the  hydrometer  and  the  specitiO'gra\'ity  bottle,  the  latter 
being  by  far  the  more  accurate. 

A  small,  thin  glass  bottle  will  serve  the  purpose  admir- 
ably. The  exact  weight  of  the  bottle  should  first  be  re- 
corded; then  it  is  filled  with  the  oil  and  again  carefully 
weighed.  The  weight  of  the  bottle  is  then  deducted  from 
that  of  the  bottle  and  the  oil  combined,  the  result  being 
the  weight  of  the  oil.  Then  the  bottle  is  emptied,  all 
traces  of  the  oil  being  removed  and  the  bottle  filled  with 
the  same  amount  of  water.  (This  may  be  done  by  prop- 
erly marking  the  bottle  or  filling  it  until  it  overflows.) 
The  bottle  is  then  weighed  and  its  weight  again  deducted, 
giving  that  of  the  water.  The  weight  of  the  oil  is  then 
divided  by  that  of  the  water,  the  result  being  the  specific 
gravity.     Thus : 

Grams 

Weight  of  bottle  and  oil 41.535 

Weight    of    bottle 10.363 

Weight    of    oil 31.172 

Weight   of   bottle  and   water 44.235 

Weight    of    bottle 10.363 

Weight  of  water   33.S72 

Weight  of  oil   31.172 

=    0.9203    specific    gravity    of    the    oil. 

Weight  of  water  33.S72 

This  is  an  important  test  in  identifying  oils. 

Acid  Test — Acids  in  oils  are  common  and  most  unde- 
sirable. Many  oils  find  their  way  upon  the  market  pol- 
luted with  sulphuric  acid,  resulting  from  improper  wash- 
ing at  the  refinery.  Oil  containing  an  appreciable  amount 
of  this  acid  should  be  regarded  with  extreme  caution,  for 
the  acid  is  a  severe  corrosive  agent. 

Acid  may  be  readily  detected  by  thoroughly  mixing 
a  small  quantity  of  oil  with  an  equal  amount  of  pure, 
warm  water.  The  mixture  should  then  be  tested  with 
neutral  litmus  paper.  If  acid  is  present  the  paper  will 
immediately  turn  red ;  its  sensitivity  may  be  greatly  in- 
creased hj  introducing  it  into  the  fumes  from  nitric  or 
hydrochloric  acid  till  it  becomes  partly  red.  After  it  is 
dried  and  part  of  its  surface  is  immersed  in  the  oil  to 
be  tested  the  very  smallest  amount  of  acid  will  turn  the 
part  immersed  just  a  shade  darker  than  the  rest. 

Friction-Testing  Machines — It  is  customary  with 
many  large  manufacturers  and  railroads  to  severely  test 
oils  under  the  conditions  under  which  they  are  to  be  used 
before  purchasing  them.  This  is  accomplished  in  an 
oil-testing  machine — i.e.,  a  machine  in  which  the  operat- 
ing conditions  are  made  so  flexible  that  the  speed  and 
pressure  of  the  bearing  it  is  proposed  to  be  used  on  may 
be  attained.  If  its  behavior  is  carefully  noted  while  being 
tested,  its  possibilities  while  working  under  the  specified 
conditions  may  be  accurately  ascertained. 

The  Thurston  oil-testing  machine  is  a  standard  type 
in  America,  being  used  by  the  United  States  Navy  as 
well  as  by  many  railroads.  This  machine  is  pictured  in 
Fig.  2.  Analyzing  it  mechanically,  it  consists  of  a  shaft 
revolving  between  the  bearings  B,  5,  and  B.,.  The 
pressure  on  the  bearing  B  can  be  regulated  by  adjusting 
the  coiled  spring  C.  The  amount  of  pressure  exerted 
upon  B  is  indicated  by  the  dial  D.  A  thermometer  is 
attached  to  register  the  exact  temperature  of  the  bear- 
ing. The  machine  is  rotated  by  the  cone  of  pulleys  E. 
Oil  is  introduced  into  the  bearing  B   and  when  the  shaft 


is  brought  into  motion  it  cau.ses  a  displacement  of  the  ji 
pendulum  K  along  the  graduated  arc  FF.  The  displace-  i; 
ment  of  the  pendulum  will  be  in  ratio  to  the  amount  of  ; 
friction  offered  by  the  oil  in  the  bearing.  The  less  the  i 
deflection  of  the  pointer  on  the  scale,  the  greater  the  lub-  J 
ricatiug  value  of  the  oil.  The  arc  is  so  graduated  that,  , 
by  dividing  the  reading  on  the  dial  by  the  pressure  shown  i 
on  the  index  D.  the  coefficient  of  friction  is  given.  This  I 
is  an  accurate  method  and  a\oids  mathematical  complica-  j 
tions.  i 

Git.VPHITE  j 

For  many  years  the  value  of  graphite  as  a  lubricant  ^ 
has  been  recognized  and  its  commercial  application  has  ,jj 
received  impetus  on  the  ai)pearance  of  the  fine  artificial  i; 


Pig.   3.   Thurston'.s   Friction   Machine 

product  produced  at  the  very  high  temperature  of  7500. 
deg.  F.  It  was  while  carrying  on  experiments  in  an  elec- 
tric furnace  with  his  product  carborundum  that  Dr.  Ach- 
eson  noticed  that  when  the  substance  was  carried  to  8 
temperature  far  beyond  that  of  its  production,  decompo- 
sition occurred  and  the  silicon  portion  of  the  carborun- 
dum would  dissipate  as  volatile  matter,  the  carbon  j)or- 
tion  remaining  as  pure  graphite. 

Today,  graphite  is  being  disintegrated  to  such  an  ex- 
treme degree  of  fineness  that  it  requires  339,000  of  its 
particles  to  extend  one  inch.  In  this  condition  of  sub- 
division it  will  remain  .suspended  in  solutions;  also  these 
particles  pass  unimpeded  through  filter  paper. 

C0LL0ID.4L    GRjVPHITE    A.S    A    LUBRICANT 

Oil  containing  colloidal  graphite  constitutes  a  most 
dependable  source  of  lubrication.  When  introduced  intc 
a  bearing  tlie  graphite  particles,  being  infinitesimal,  pen- 
etrate the  pores  of  the  metal.  These  particles  accumu- 
late until  the  surfaces  in  contact  are  completely  amalga- 
mated with  a  thin  graphite  veneer  which  has  been  termed 
a  graj)hoid  surface.  This  film,  unlike  that  of  oil,  is  fre 
from  intrinsic  friction  and  exceedingly  stable  in  its  con- 
struction, being  capable  of  withstanding  far  greater  pres- 
sures than  any  form  of  hydrocarbon  regardless  of  its  vis- 
cosity. The  graphoid  surface  not  only  greatly  reduce 
friction  but  practically  eliminates  wear.  So  lubric  i 
the  nature  of  this  graphite  film  that  upon  its  establish- 
ment oil  consumption  may  be  considerably  reduced.     I: 
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the  oil  supply  of  a  bearing  is  either  accidentally  discon- 
tinued or  completely  consumed,  the  graphoid  surface 
alone  will  hold  up  as  a  lubricant  for  a  long  time,  pre- 
venting a  hot  bearing. 

It  has  been  found,  after  many  exhaustive  tests,  that 
0.35  per  cent,  of  colloidal  graphite  properly  diffused  in 
oil  is  sufficient. 

Colloidal  graphite  in  gas-engine  lubrication  possesses 
many  advantages  over  plain  oil.  The  formation  of  car- 
bon deposits  on  cylinder  walls  is  due  to  the  inability  of 
the  piston  to  effect  a  thorough  wiping  back  of  the  lubri- 
cating oil  and  a  portion  remains  in  the  cylinder  and  is 
decomposed.  This  source  of  trouble  usually  ceases  with 
the  use  of  colloidal  graphite.  The  minute  particles  im- 
mediately enter  the  interstices  of  the  metal  and  form  a 
soft,  unctuous  film  that  is  unattainable  by  any  mechani- 
cal operation.  Of  course,  with  the  e.stablishment  of  this 
film  there  must  be  an  almost  perfect  fit  between  the  pis- 
ton and  the  cylinder  walls,  effecting  a  more  thorough  re- 
treat of  the  oil.  The  temperature  of  a  gas  engine  in  op- 
eration, although  very  high,  produces  no  effect  upon 
graphite  either  physically  or  chemically  as  it  is  refrac- 
tory capable  of  withstanding  7600°  F.  before  any  signs 
of  vaporization  are  shown. 


By  F.  W.  Salmon 

Much  can  be  done  in  the  power  plant  toward  ascer- 
taining what  the  power  is  costing  and  Ijy  gathering  useful 
data  later  by  employing  such  instruments  and  appliances 
as  can  be  purchased  or  improvised  at  little  expense. 

Fig.  1  shows  a  cutoif  and  power  recorder  that  can  be 
easily  arranged  for  use  with  a  Corliss  engine.  The  pen- 
cil A  is  secured  to  the  governor  dashpot  rod  by  clamping 
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Fro.    1.    .\l!Ii\N"(iKMENT    OF 
I.NDICATOli 

a  piece  of  sheet  tin  to  the  rod  witli  two  bolts.  The  tin 
has  Bufficient  spring,  if  suitably  proportioned  and  adjusted, 
to  keep  the  pencil  against  the  paper  without  producing 
too  much  friction.  A  one-way  cock  is  secured  to  the 
wooden  block  U.  clamppd  to  the  governor  column  by  a  U- 
bolt.  The  indicator  is  cou])led  to  the  one-way  lock  in 
the  u.sual  way.  The  regular  piston  and  ])cncil  motion  of 
the  indicator  is  not  used. 


Almost  any  device  that  will  wind  the  drum  (or 
release  it)  about  three-fourths  of  a  revolution  in  about 
twelve  hours  at  a  uniform  rate,  will  answer  for  mo\iug 
the  paper  drum.  In  some  cases  the  paper-drum  cord 
may  be  wound  on  the-  cylindrical  oil-pump  shaft;  a 
iloat  in  a  pail  or  can  of  water  from  which  the  water  is  al- 
lowed to  slowly  drain  is  convenient.  Then,  again,  one 
end  of  the  cord  may  be  wound  around  the  hour-hand 
spindle  of  a  cheap  clock  clamjied  to  the  engine  frame  or 
other  convenient  part. 

The  indicator  drum  is  revolved  by  its  own  spring,  the 
speed  being  controlled  by  the  clock.  The  engineer  makes 
a  small  mark  with  a  pencil  against  the  pencil  on  the  gov- 
ernor dashpot  rod  at  various  periods,  say  at  each  hour, 
for  convenience  in  reading  the  chart  afterward.  Before 
starting  or  after  stopping,  a  base  line  should  be  drawn 
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Fig.  2.  Diagram   for  Reading  Scale 


i^OB  CORLISS  EN61NE  N0.3  N0.2  TOWER  RANT  OF  THE  BLANK  MT*.  CO.    BLANKTOWN 


^*     .?>? 


^^ 


100  E 

200  I 
■300* 
■400   ^   c 
■500    ST  d. 
■600   \^ 
■700  ^o 
■800o 
■9007 
Jiooo£ 


E 
o 

a* 

c 


Fi(i.  3.     Celluloid  Horsepower  Scale 

in  the  usual  niaiinor  as  with  the  ordinary  indicator  din- 
gram. 

The  scale  for  the  chart  is  easily  obtained  by  taking 
indicator  diagrams  from  both  ends  of  the  cylinders  at  the 
times  or  jwints  noted  on  the  chart,  then  calculating  the 
indicated  horsepower.  By  taking  diagrams  and  finding 
the  ])ower  at  several  heights  of  the  governor  in  this  way, 
a  curve  can  l)e  easily  drawn  (Fig.  2),  and  the  power  in- 
dicated and  recorded  automatically  by  the  governor  scaled 
off  quickly  at  any  time.  Celluloid  is  good  material  on 
which  to  draw  the  chart  .scales.  Fig.  .'5,  as  it  can  then  be 
])laced  over  the  diagram  and  a  reading  taken. 

It  is  not  intended  to  u.se  .such  a  ])ower  recorder  con- 
tinuously tiirougliout  the  year,  but  for  a  week  at  a  time 
several  times  a  year,  or  when  for  some  special  reason  it  is 
desiral)lc  to  obtain  such  a  record. 

Usually,  if  the  steam  pressure  is  kept  fairly  uniform, 
it  will  not  be  necessary  to  nnike  corrections  for  the  slight 
variations,  but  a  number  of  scales  may  be  drawn  on  the 
(clluloid  chart  for  several  steam  pressures  if  desired. 
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rive   for  lExistiini^ 
laMmE   Plaimts 


By   Robekt  p.  Keiioe 


SYXOPSIS — An  argument,  supported  by  figures,  for 
the  oil  engine  as  motive  power  for  can-ice  plants,  especi- 
ally in  localities  where  coal  is  relatively  high. 

Since  the  successful  iustallatiou  of  so  many  new  ice- 
making  plants  of  capacities  ranging  from  15  to  400  tons 
daily,  with  oil-engine  drive,  the  question  of  applying 
this  type  of  motive  power  to  existing  plants  arises.  There 
are  steam-driven  distilled-water  can  plants  in  operation 
which  produce  six  or  seven  tons  of  ice  per  ton  of  coal 
burned  under  the  boilers.  There  are  also  plants  of  the 
same  type  which  produce  only  three  or  four  tons  of  ice 
per  ton  of  coal,  but  the  majority  probably  average  about 
five  tons  of  ice  for  each  ton  of  coal. 

If  coal  can  be  purchased  for  $3  or  $2.50  per  ton,  it 
is  difficult  to  show  much  saving  with  oil-engine  drive, 
but  where  coal  costs  $3  or  $4  per  ton,  the  saving  is  con- 
siderable. The  price  of  oil  must  also  be  considered,  as  the 
relation  between  the  cost  of  the  two  fuels  will  decide 
whether  or  not  the  change  will  be  an  advantage. 

In  some  localities,  such  as  California,  coal  costs  *$5  or 
•$6  per  ton,  while  oil  can  be  bouglit  for  75  cents  per  bar- 
rel. The  saving  here  would  be  enormous,  but  as  oil  is 
also  used  under  the  boilers  instead  of  coal,  the  comparison 
should  be  made  between  the  relative  amounts  of  oil  used. 

Assuming  average  conditions  and  taking  the  price  of 
coal  at  $3.50  per  ton,  and  oil  at  31/2  cents  per  gallon, 
the  following  table  will  servo  as  a  basis  in  determining 
the  amount  of  saving  possible  liy  installing  oil-engine 
drive  to  take  the  place  of  steam  power  in  existing  dis- 
tilled-water can  plants.  The  figures  also  cover  the  cost 
of  changing  the  plant  to  a  raw-water  system : 

TABULATION    SHOWING    INITIAL    COST    AND    SAVING    OF 

APPLYING    OIL-ENGINE     DRIVE    TO     EXISTING 

DISTILLED-WATER    CAN-ICE   PLANTS 

Ice-makiner    capacity    in    tons    per 

24    hr 1.^)  25  50  100 

Approximate  horsepower  of  en- 
gine for  machine  and  aU  aux- 
iliaries             fiO  100  200  400 

Approximate    number     of     300-lb. 

cans     210  350  700         140U 

Daily  approximate  coal  consump- 
tion   in    tons    3  Vi  5  9  Vi         IS 

Daily    cost    of    coal     at    $3.50    per 

ton    $12.25      $17.50      $33.25      $63.00 

Oil     consumption     daily     of     high 

economy   oil   engines,   in   gallons        80  120  225  430 

Daily  cost   of  oil   at   3Uc.   per   gal.  $2. SO        $4.20        $7.S8      $15.05 

Saving    in    cost    of    fuel    "nnth     oil 

engine     drive     9.45        13.30        25.37        47.95 

Total    saving   per   year   with    50% 

yearly   load    factor    $1701      $2,394      $4,567      $8,631 

Approximate     cost     of    installing 

aerating    system     1200        1,800        3.300        6,000 

Approximate  cost  of  oil  engine 
and  accessories,  including 
transmission     6500        8,500      15,000      28,000 

Total    cost    of   change    7700      10,300     18,300     34,000 

P<>rcentage  of  saving  on  invest- 
ment           22  23  25  26 

The  horsepower  of  the  engine  is  given  approximately 
and  is  supposed  to  take  care  of  the  auxiliaries  as  well 
as  the  main  unit.  The  auxiliaries  can  be  arranged  to 
-be  driven  by  belt.  If  motors  are  already  in  use,  a  gener- 
ator can  be  installed  with  the  engine  to  supply  the  cur- 
rent. If  there  are  several  old  steam  pumps  and  other 
steam-driven  auxiliaries,  it  may  pay  to  replace  them  al- 
together. 

The  coal  consumption  is  based  on  less  than  5  tons  of 


ice  per  ton  of  coal  for  the  15-ton  plant,  and  nearly  6 
tons  in  the  case  of  the  100-ton  plant,  with  the  consump- 
tion for  the  25-  and  50-ton  plants  graduating  between 
the  two.  This  should  be  a  conservative  basis  and,  if 
anything,  favors  the  steam  plant,  as  many  plants  fail  to 
equal  these  figures. 

The  consumption  of  oil  is  based  on  the  use  of  high- 
economy  oil  engines  which  will  burn  low-grade  oils  and 
operate  continuously  to  fill  the  hard  service  demanded 
in  ice-making  plants.  There  are  also  oil  engines  some- 
what less  expensive,  which  will  burn  low-grade  oils  with 
poorer  economy.  While  the  fuel  consumption  may  be 
higher,  the  saving  in  initial  cost  will  be  attractive  in  some 
cases,  particularly  where  oil  is  very  cheap  and  25  to  50  per 
cent,  more  expense  per  day  in  the  fuel  item  will  be  only 
a  small  amount. 

One  quality  in  the  type  and  make  of  oil  engine  is  ab- 
solutely essential  and  that  is  reliability.  The  contin- 
uous service  required  is  possible  only  with  a  high-grade 
engine  of  heavy  construction.  Such  designs  have  been 
developed  in  recent  years,  and  the  many  thousand  horse- 
power now  in  operation  is  sufficient  to  satisfy  the  most 
skeptical  purchaser  that  this  kind  of  motive  power  is  per- 
fectly reliable. 

The  price  at  314  cents  per  gallon  is  an  average  of  the 
quotations  in  various  sections  of  the  United  States.  On 
the  Atlantic  seaboard  Mexican  crude  oil  is  sold  for  about 
3  cents  per  gallon  on  five-year  contracts.  Fuel  oils  are 
also  sold  in  this  section  for  about  the  same  price.  In  the 
^liddle  States  various  fuel  oils  are  sold  for  3  or  4  cents 
per  gallon.  Texas,  Louisiana  and  the  vicinity  provide 
cheap  crude  and  fuel  oils  in  the  Southwest.  Kansas 
and  Wyoming  oil  fields  are  now  supplying  the  local  mar- 
ket at  low  prices.  California  furnishes  crude  oil  at  lower 
cost  than  any  other  state. 

The  figures  given  in  the  table  for  initial  cost  of  install- 
ing the  aerating  system  are  approximate  and  cover  air 
blower,  core  pump,  air-distributing  pipes  and  drop  tubes, 
with  something  added  for  the  work  of  installation  and 
contingencies.  The  estimated  cost  for  the  oil  engine  or 
engines  is  supposed  to  cover  all  usual  accessories  such  as 
water  and  exhaust  piping,  fuel-storage  tank  and  foun- 
dation, also  transmission. 

Slight  changes  in  the  auxiliaries  of  the  present  plant 
may  also  be  considered  as  part  of  the  figures,  although 
a  careful  estimate  should  be  made  for  every  plant  to  de- 
termine the  cost  of  changing  to  oil-engine  drive  and  if  the 
investment  will  earn  a  sufficient  return  to  justify  the 
outlay. 

Nothing  is  mentioned  in  the  table  about  the  saving  of 
expense  due  to  the  elimination  of  the  boiler  plant.  The 
labor  required  in  the  engine  room  will  be  the  same  as  in 
a  steam  plant.  The  engineers  should  be  good  mechanics 
and  possibly  machinists,  but  no  firemen  will  be  needed. 
On  the  other  hand,  the  labor  necessary  for  properly  op- 
erating the  freezing  system  will  be  more.  In  the  25-ton 
plant  two  men  day  and  night  can  handle  the  freezing 
and  aeratins  system  and  also  the  ice  storage.    During  the 
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night  it  will  be  possible  to  get  along  with  one  good 
man,  provided  the  tank  is  equipped  with  a  double 
hoist. 

Two  men  day  and  night  should  be  sufficient  for  a  50- 
ton  plant,  which  has  double  hoists,  although  another  man 
may  be  required  for  the  ice  storage,  particularly  dur- 
ing the  day.  In  a  75-ton  plant  it  will  be  necessary  to 
have  three  men,  and  in  the  100-ton  plant  twice  as  many 
men  as  in  the  50-ton  installation. 

On  the  whole,  the  labor  may  be  somewhat  less  with 
the  oil-engine  drive  and  raw-water  system,  but  nothing 
has  been  figured  in  the  table  for  this  possible  saving. 

The  approximate  earning  power  of  the  additional  in- 
vestment seems  to  be  in  the  neighborhood  of  25  per  cent, 
in  all  the  sizes  of  plants  for  which  figures  are  given,  and 
it  may  be  safely  assumed  that  plants  of  any  other  ca- 
pacity, except  very  small  ones,  will  be  improved  to  the 
same  extent. 

No  consideration  has  been  given  to  possible  changes 
in  the  building,  which  may  be  necessary  in  those  installa- 
tions where  the  engine  room  is  already  crowded.  There 
will  probably  be  sufficient  room  in  the  average  plant,  with 
little  or  no  building  alteration,  but  should  an  extra  ex- 
penditure be  required  for  this  purpose,  the  amount  can  be 
included  in  the  initial  cost  when  estimating  the  exact 
results  in  each  particular  plant. 

Another  question  which  frequently  arises  is  the  .*u]iply 
and  price  of  oil.  Not  long  ago  the  cost  of  fuel  oil  suf- 
fered a  considerable  increase.  This  was  occasioned  by 
an  excessive  demand  owing  to  the  widespread  use  (if 
this  fuel  under  boilers,  in  furnaces,  kilns  and  other 
similar  work.  Since  then  the  Mexican  oil  fields  have  l)ccn 
opened  and  an  unlimited  supply  is  now  assured  from  that 
country.  In  fact,  it  has  been  possible  for  several  months 
past  to  make  five-year  contracts  for  the  delivery  of  Mex- 
ican crude  oil  to  plants  on  or  near  the  Atlantic  sea- 
board and  the  Gulf  States. 

California,  Kansas  and  Wyoming  have  opened  new 
fields  and  the  production  in  Te.xas  and  Louisiana  is 
iniple  to  supply  fuel  in  that  section  at  low  prices.  Fur- 
thermore, Central  America,  South  America  and  the 
N'orthwest  offer  undeveloped  oil  country  for  the  future 
supply. 

If  the  demand  increases  to  an  extraordinary  extent, 
;he  price  will  increase.  This  will  reduce  the  widespread 
ise  for  boilers,  kilns,  etc.,  but  it  is  unlikely,  that  fuel  or 
rude  oil  will  become  so  high  as  to  preclude  the  advaii- 
Ag(J  and  economy  of  oil  engines. 

Oil=Testiini^  Set 

With  high-voltage,  oil-insulated  ajiparatus,  in  order  to 
nsure  successful  operation,  it  is  necessary  to  maintain 
he  dielectric  strength  of  the  oil  at  maximum  value.  For 
•his  purpose  a  testing  set  has  recently  been  developed 
y  flic  (icneral  Electric  Co.  for  determining  the  dioleitric 
trcngth  of  oil.  The  set  consists  of  a  testing  transformer 
vitli  an  induction  regulator  for  voltage  control  and  an 
il  symrk  gap.  All  the  parts  are  assembled  and  mounted 
o  as  to  form  one  complete  unit,  which  is  compact  and 
nay  be  conveniently  and  quickly  operated.  The  set  is 
milt  for  both  25  and  (iO  cycles. 

The  transformer  has  a  rating  of  .i  kv.-a.  at  30.000 
olts,  but  may  be  operated  at  10  per  cent,  above  this.  The 


high-voltage  winding  is  equipped  with  a  voltmeter  coil 
for  indicating  directly  the  test  voltage  and  the  induction 
regulator  allows  a  variation  of  voltage  from  zero  to 
maximum.  The  regulator,  as  well  as  the  transformer, 
is  arranged  for  series-parallel  connection,  making  the 
set  suitable  for  use  on  100-  or  200-volt  circuits.  A  dial 
is  attached  to  the  top  of  the  rotor  shaft  of  the  regulator 
and  is  accurately  graduated  to  give  readings  of  the  tesi 
voltage  directly  in  kilo  volts. 

The  oil  is  tested  between  flat  metal  disks,  located  in- 
side the  receptacle.  One  electrode  is  stationary,  and  the 
other  has  a  micrometer  adjustment  with  an  adjustable 
zero  index.  This  permits  taking  up  readily  any  wear  in 
the  gap.  The  receptacle  is  designed  so  that  it  may  be 
conveniently  cleaned,  and  care  has  been  taken  that  the 
quantity  of  oil  required  for  tests  is  as  snmll  as  is  cou- 
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Oil-Tf,stixi;   Set   Completk 

sistent  with  good  results.  It  is  estimated  that  three- 
quarters  of  a  quart  of  oil  is  sufficient  for  one  sample,  al- 
lowing five  tests  on  clean  oil.  The  oil  receptacle  and 
spark  gap  arc  supported  by  the  high-voltage  terminals 
of  the  transformer  and  by  merely  turning  the  receptacle 
about  its  horizontal  axis,  the  oil  which  has  been  tested, 
may  be  emptied. 

The  recc))tacle  and  gap  may  ali^o  be  easily  removed 
from  the  supports,  leaving  the  transformer  free  from 
high-potential  testing  of  any  kind  up  to  33,000  volts. 

The  weight  of  the  fiO-cycle  set  complete  is  'Ifi5  lb., 
height  30  in.,  length  24  in.  and  width  ITi/1;  "!•:  the 
weight  of  the  25-cycle  set  complete  is  670  lb.,  height  32 
in.,  length  2(ii/o  in.  and  width  20y2  in. 
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'Mimt  Slhio^^s  ILe^rE'e  Sswimisd 


By  Thomas  Wilson 


SYNOPSIS — Replacing  central-station  services,  includ- 
ing lighting,  power,  heating  and  refrigeration,  an  iso- 
lated plant  serving  two  office  buildings  effected  a  saving 
estimated  at  from  $25,000  to  .fJiO.OOO  per  year. 

Ill  one  of  our  large  cities  tliere  are  two  office  buildings 
under  the  same  management  and  of  nearly  the  same  size. 
One  has  been  built  for  several  years  and  has  been  served 
with  central-station  heat,  light,  power  and  some  re- 
frigeration for  cooling  the  drinking  water.  The  other, 
a  new  building,  has  a  plant  of  its  own,  which  will  also 
serve  the  older  building  as  soon  as  its  contract  expires. 
Operating-cost  data  on  the  two  are  available  so  that  a  com- 
parison should  be  interesting. 

Load  ix  the  New  Building 

The  new  building  is  equipped  with  200  kw.  in  lamps, 
29  motors  for  general  use  ranging  from  3  to  (iO  hp.  and 
nine  elevator  motors  totaling  230  hp.  Auxiliaries  such 
as  pumps  and  fans  are  driven  either  by  motor  or  by  steam, 
the  proportion  being  about  half  and  half.  During  the 
winter  months  the  load  runs  close  to  2200  kw.-hr.  per 
day  and  in  the  warmer  months,  1800  kw.-hr.,  so  that  the 
average  for  the  year  will  be  about  2000  kw.-hr.  per  24- 
hr.  day. 

For  heating  there  are  4V,000  sq.ft.  of  direct  radiation 
and  for  ventilation  16,000  sq.ft.  of  indirect  surface.  In 
zero  weather  this  amount  would  require  close  to  450,000 
lb.  of  steam  per  24  hr.  There  would  be  available  from  the 
generating  units,  assuming  a  water  rate  of  40  lb.  per 
kw.-hr.  due  to  the  fluctuating  load  caused  by  the  ele- 
vators, 82,000  lb.  and  more  from  the  steam  pumps.  It 
is  thus  evident  that  all  of  the  exhaust  can  be  used  for 
heating  and  for  hot  water,  and  in  the  colder  months,  con- 
siderable live  steam  in  addition  is  required.  There  is  also 
a  30-ton  aI)sorption  refrigerating  plant  which  operates 
on  the  exhaust  steam  from  the  brine  and  aqua  pumps. 

Plant    Kquii-ment 

The  plant  in.^italled  for  the  two  buildings  consists  of 
four  350-hp.  water-tube  boilers  equipped  with  underfeed 
stokers  and  forced  draft.  There  are  five  200-kw.  units 
consisting  of  simple  four-valve  engines  and  three-wire, 
direct-current  generators.  For  supplying  the  new  build- 
ing with  steam  it  has  been  necessary  to  ojierate  only  one 
boiler.  In  the  winter  it  is  overloaded  10  per  cent.,  dur- 
ing the  spring  it  is  run  at  rating  and  in  the  summer  it 
is  underloaded.  When  the  older  building  is  taken  on 
the  load  will  be  nearly  doubled,  so  that  at  least  two  boilers 
(vill  bo  kept  in  service.  Due  to  the  heavy  peaks  imposed 
by  the  elevators,  it  is  necessary  to  keep  two  generating 
units  in  operation,  although  one  could  carry  the  load 
the  greater  part  of  the  time.  It  is  evident  thai  there  is 
plenty  of  reserve  capacity  and  tbat  at  present  the  plant 
is  operating  under  unfavoraiile  conditions. 

Pecouds    riio.M    Tin:   Oldkk   P.uildixu 

The  older  building  has  a  total  connected  motor  load 
>f  426  hp.,  and  the  greater  part  of  this,  310  lip.,  is  re- 
piirod  by  three  motors  driving  elevator  pumps,  as  the 
■le\ators  are  of   the  hydraulic  plunger   type.     There   is 


a  25-hp.  motor  for  a  pump  serving  a  freight  lift,  a  total 
of  50  hp.  in  six  motors  driving  ventilating  fans  and  a 
number  of  small  motors  for  otlier  purposes  besides  the 
lighting  For  corridors,  the  jiower  plant  and  for  t!ie  ten- 
ants. 

Last  year,  the  total  elect rical  siipplv  for  power,  in- 
cluding power-plant  and  corridor  lighting,  wliich  goes 
with  the  building,  amounted  to  463,022  kw.-hr.  To  the 
tenants,  who  are  supplied  individually  by  the  power  com- 
pany, and  additional  88,461  kw.-hr.  was  delivered  for 
lighting.  The  total  is  551,483  kw.-hr.  per  year,  and 
dividing  by  300,  gives  1838  kw.-hr.  per  day  of  21  hr. 
For  an  average  the  year  around  the  load  closely  approx- 
imates that  of  the  new  building. 

For  heating,  38,000  sq.ft.  of  direct  radiation  has  been 
provided,  and  steam  is  now  supplied  by  the  central  sta- 
tion at  a  pressure  of  5  lb.  Hot-water  service  is  required 
12  months  in  the  year.  For  1913  a  total  of  22,700,000  lb. 
was  used.  As  the  total  electrical  load  for  the  year  was 
551,483  kw.-hr.,  assuming  an  engine  rate  of  40  lb. 
per  kw.-hr.  due  to  the  fluctuating  load,  there  would  be 
available 

551,483  X  -40  X  0.93  =  20,515,167  Jh. 
of  exhaust  steam.     All  of  this  would  not  be  available  in 
the  heating  season  but  the  demand  for  live  steam  would 
be   greatly   reduced   and  the  cost  of   heating  would   be 
only  a  small  fraction  of  the  present  charge. 

PiioBAiiLE  Saving  over  Central-Station  Service 

Running  under  the  present  unfavorable  load,  the  plant 
in  the  new  building  is  producing  steam  for  20c.  per  1000 
lb.  When  the  load  of  the  older  building  is  added  it  is 
believed  that  the  cost  will  be  reduced  to  18e.,  as  the 
.same  labor  and  overhead  charges  will  be  divided  over  a 
larger  output  and  the  plant  should  run  more  efficiently. 
The  rate  for  steam  charged  by  the  central  station  is  37.5c. 
per  1000  II).,  so  that  even  if  live  steam  were  used  en- 
tirely, service  from  the  plant  in  the  new  building  would 
save  the  older  building  lai/sc.  per  1000  lb.,  or  $4-126.50 
for  the  year,  out  of  a  total  of  $8512.50  now  jiaid  the 
power  company. 

Of  the  22,700,000  lb.,  assume  that  20,000,000  lb.  is  re- 
quired in  the  seven  months  of  the  heating  season.  As 
the  electrical  load  is  divided  into  463.022  kw.-hr.  for 
power  and  88,461  kw.-hr.  for  lighting,  and  most  of  the 
power  load  is  due  to  the  elevators,  the  monthly  demands 
for  current  will  be  practically  uniform.  Thus  about 
•seven-twelfths  of  the  exhaust  .steam  will  be  available  for 
heating,  which  amounts  to 

fV    X    20,515,167    =     11.967,181    lb. 
Deducting   this   from    20,000.000    leaves   a   demand    for 
live  steam  of  8,032,819  lb.     At    18c.  per  1000  lb.,  this 
would  cost 

8033  X  0-18  =  $1  I  15.91 
The  difference  between  this  figure  and  the  $8512.50  now 
])aid    the   central-heating   station    represents   an    annual 
saving  of  $7066.56  on  the  heating  alone. 

The  power  load  of  163,022  kw.-hr.  per  year  is  bought 
from  the  central  station  at  a  rate  averaging  2.5c.  per 
kw.-hr.  The  rate  for  the  lighting  load  of  88,461  kw.-lir. 
divided  among  the  tenants  is  12c.  per  kw.-hr.  for  the  first 
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three  lighting-  units  and  4c.  thereafter.  Dividing  the 
total  cost  by  the  total  consumption  gives  a  rate  of 
9.ac. 

With  the  combined  load  of  the  two  buildings,  it  has 
been  estimated  that  current  can  be  produced  at  l.Tc.  per 
kw.-hr.,  including  both  operating  and  fixed  charges.  On 
the  power  load  of  the  older  building  it  would  be  possible 
then  to  save  O.Sc.  per  kw.-hr.,  or 

0.008  X  -163,022  =  $3704.18 
Assuming  that  the  current  for  lighting  is  supplied  to 
the  tenants  at  cost,  the  total  annual  saving  by  supplying 
the  older  building  from  the  private  plant  would  be 

$7066.56  +  $3704.18  =  $10,770.74 
This  does  not  include  the  small  saving  that  might  he  ef- 
fected  on   refrigeration   nor   does   it   take   into   account 
the  possible  contingency  of  supplying  the  tenants  with 


current  at  the  same  rate  that  they  arc  now  paying.     In 
this  event  there  would  be 

88,461  X   (0.002  —  0.017)   =  $6634.58 
to  add  to  the  profit  side  of  the  ledger,  making  a  grand 
total  per  year  of  $17,405.32. 

To  have  supplied  the  new  building,  with  its  slightly 
greater  electrical  load  and  more  steam  required  for  heat- 
ing, with  central-station  service  under  aproximately  the 
same  conditions,  the  cost  would  have  been  more  than 
double,  so  that  the  private  plant  means  from  .$25,000  to 
$40,000  per  year  in  the  pocket  of  the  management,  de- 
pending upon  the  disposal  of  the  lighting  rates.  The 
above  figures  would  warrant  an  investment  in  power- 
plant  machinery  of  $200,000  to  $320,000  over  the  equip- 
ment that  would  be  needed  in  the  event  of  central-sta- 
tion current.  It  is  small  wonder  that  a  private  plant  was 
installed. 
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By  H.  F.  Godeke 


Engine  clearance  has  been  variously  defined,  but  for 
technical  purposes  there  can  lie  but  one  definition :  It  is 
the  volume  in  the  cylinder  that  is  not  swept  through  by 
the  piston  and  includes  the  volume  of  the  ports  and  that 
of  the  drips  and  indicator  piping  up  to  the  cocks,  for  the 
particular  end  under  consideration.  Clearance  should 
never  be  confused  with  clearance  length  or  clearance  dis- 
tance ;  these  mean  the  distance  in  inches  between  the  pis- 
ton and  the  cylinder  head  when  the  engine  is  on  dead  cen- 
ter. Clearance  is  volume,  not  a  linear  dimension.  The 
volume  represented  by  this  distance  is  a  part  of  the  clear- 
ance, but  it  also  includes  the  other  parts  mentioned. 

Clearance  is  often  expressed  in  percentage.  This  per- 
cent, is  the  ratio  of  the  clearance  volume  for  one  end  to 
the  volume  swept  through  on  that  same  end.  Thus  for 
the  engine  crank  end,  it  is  the  ratio  (expressed  in  per 
cent. )  of  the  clearance  volume  to  the  crank-end  piston  dis- 
placement which,  of  course,  is  corrected  for  the  piston  rod. 
Clearance  is  seldom  the  same  for  the  two  ends  of  the  cyl- 
inder, therefore  it  should  be  determined  for  each  end  sep- 
arately. This  is  found  by  several  methods,  viz.,  measure- 
ment of  openings  and  computation  of  volumes,  filling  the 
spaces  with  a  plastic  substance,  such  as  putty,  and  then 
getting  the  volume  by  the  displacement  of  an  equal  volume 
of  water  or  other  liquid,  whose  density  is  known,  and  again 
by  filling  the  voids  with  a  liquid  sucii  as  water  or  oil.  The 
last,  the  volumetric  method,  is  probably  the  most  practical 
as  well  as  the  most  accurate. 

The  engine  should  be  put  on  the  center  and  the  clear- 
ance volume  filled  through  the  indicator  connection,  the 
weight  of  the  liquid  necessary  to  fill  the  space  being  de- 
termined by  the  difference  in  weight  of  the  vessel  and  the 
contents  before  and  after  filling.  The  engine  can  then  be 
turned  over  until  the  crosshead  has  traveled  one  inch  from 
the  dead-center  and  the  weight  of  the  liquid  required  to  fill 
the  additional  inch  of  the  cylinder  be  determined  as  before. 

If  11'  is  the  weight  necessary  to  fill  the  clearance  volume ; 

W  the  weight  necessary  to  fill  the  additional  inch,  and 

L  the  length  of  the  stroke  in  inches,  then, 

W  X  100 
the  percentage  of  rlearance  =   ,,.,       j 


Care  must  l)e  taken  to  see  that  there  is  no  leakage  and 
that  no  air  is  pocketed  in  the  cylinder.  In  a  fairly  tight 
cylinder,  with  the  valve  seat  covered  by  a  sheet  of  packing 
under  the  valve  and  the  inside  of  the  cylinder  well  lubri- 
cated, water  may  be  used.  Generally,  oil  is  much  more 
satisfactory,  the  writer  having  foimd  cylinders  which  could 
not  be  made  tight  against  water  to  hold  oil  satisfactorily. 

Methods  of  correction  have  been  offered  in  case  of  leak- 
age, the  most  conmion  being  to  take  the  time  required  for 
filling  the  clearance  volume  and  then,  after  the  space  has 
been  filled,  to  keep  it  filled  for  a  definite  time,  say  one  min- 
ute. Since  the  leakage  is  zero,  when  starting  to  fill  and 
maximum  when  the  space  is  filled,  the  average  rate  of  leak- 
age is  then  assumed  to  be  half  of  that  when  filled.  This 
average  rate  is  multiplied  by  the  time  required  to  fill  orig- 
inally and  then  subtracted  from  the  weight  needed  to  fill 
the  space,  thus  giving  the  net  amount  necessary  to  fill  the 
clearance. 

The  writer  objects  to  this  method  because  he  does  not 
believe  the  leakage  follows  a  straight  line  curve.  There  I 
are  two  factors  which  govern  leakage,  viz.,  head  and  open- 
ing, both  of  which  increase  as  the  space  becomes  filled., 
Necessarily  the  curve  must  be  a  second-degree  curve,  so 
that  the  average  leakage  rate  during  the  time  of  filling 
the  cylinder  will  be  less  than  half  the  maximum  rate.  The 
one  solution  then  is  to  use  some  liquid  heavy  enough  to 
prevent  leakage. 

Some  time  ago  the  writer  wanted  to  know  the  clearance 
of  the  cylinders  of  a  cross-compound,  steam-driven  air 
compressor  and  the  makers  were  unable  to  give  any  data., 
The  clearance  could  not  be  had  by  measurement  without | 
taking  the  entire  machine  apart;  neither  could  the  volu- 
metric method  be  used  directly,  because  the  indicator  con- 
nections were  on  the  side  instead  of  on  the  top  of  the  cyl- 
inder. The  indicator  piping  was  removed  and  a  nipple, 
with  a  piece  of  ^/^-'m.  rubber  hose  long  enough  to  reach 
above  the  top  of  the  cylinder,  connected  to  the  indicator 
tap.  A  small  steel  tube  was  put  down  through  the  hose 
and  so  bent  as  to  reach  the  top  of  the  cylinder,  the  pur-i 
pose  being  to  draw  the  air  from  the  top  of  the  cylinder  as 
the  liquid  was  poured  in.  j 
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Witli  the  engine  on  dead  center  the  piston  would  not 
allow  the  tube  to  enter,  so  the  engine  was  turned  over  until 
tlie  piston  was  1/4  in.  from  the  end  of  its  travel,  the  neees- 
sary  correction  for  this  additional  volume  being  made 
later.  Water  was  first  tried  as  a  liquid,  but  it  was  impos- 
>ible  to  fill  the  volume,  because  of  leaks.  Engine  oil 
was  used  with  no  leakage  whatever.    Proceeding  as  stated, 


the  volume  of  the  space  was  obtained.  The  following  cor- 
rections then  had  to  be  made :  First,  the  volume  occupied 
by  the  steel  tube  had  to  be  added  to  that  as  determined, 
the  volume  of  the  hose  and  nipple  had  to  be  subtracted  and 
that  of  the  indicator  piping  up  to  the  indicator  cock  had 
to  be  added.  This  method  is  simple  and  gives  results 
that  are  quite  .satisfactory. 


By   E.  J.   Saxe 


No  instrument  is  of  greater  value  to  the  operating  en- 
gineer than  the  gas  analyzer.  In  no  other  way  can  he 
learn  how  to  improve  the  furnace  performance  with  the 
same  certainty.  As  the  cost  of  the  cheapest  is  sometimes 
prohibitive,  it  is  here  intended  to  show  how  anyone  can. 
with  little  trouble  and  at  small  expense,  make  an  analyzer 
that,  while  lacking  the  finisli  of  the  factory-made  instru- 
ment, will  give  good  results,  which  is  the  main  point. 

The  writer  at  one  time  carried  an  Orsat  appartus,  but 
in  extended  traveling  frequently  Ijroke  bottles  which 
could  not  be  replaced  in  a  small  town.  To  get  them  from 
Chicago  was  expensive  and  the  time  lost  was  a 
matter  of  still  more  importance.  Finally,  a  rig 
was  devised  of  material  to  be  had  at  any  drug 
store.  A  similar  one  may  be  made  by  anyone 
who  will  procure  from  a  dealer  of  such  instru- 
ments a  100-cubic  centimeter  burette  having  a 
50-cubic  centimeter  bulb  (as  the  tube  and  the 
ca.se  are  .shorter  than  otherwise).  Fig.  1  .shows 
the  case,  which  can  be  nuule  of  any  material  to 
suit  individual  taste.  With  the  burette  pur- 
chase a  glass  three-way  cock,  six  feet  of  small 
glass  tubing,  six  feet  of  i/4-in.  rubber  tubing, 
and  two  pinch  clamps;  this  will  cost  about  $.5. 

From  a  druggist  get  three  6-ounce  bottles, 
and  an  ounce  of  half  spirits  of  camphor  and 
half  turpentine,  break  off  the  tip  of  a  small 
round  fde,  wet  it  in  the  mixture  and  drill  a 
hole  in  each  bottle  near  the  Ijottom.  A 
breast  drill  can  be  used,  or  the  file  may  be 
revolved  with  the  fingers :  drilling  a  hole 
in  glass  this  way  is  not  difficult.  Wlien  the 
file  end  gets  dull,  break  off  a  small  piece  and 
it  will  again  cut  rapidly.  File  the  hole 
smooth  and  round  and  of  such  size 
that  the  rubber  tube  will  fit  tightly 
and  be  water-tight.  Connect  the  two 
bottles  as  shown  in  Fig.  2,  and  fill  one  of  theni  witli  tlie 
glass  tubes,  broken  to  lengths  to  go  inside  (shown  in  the 
shaded  bottle).  This  is  the  absorption  l)ottle.  The  tubing 
is  to  provide  a  larger  wetted  surface,  and  consequenlly  a 
more  rapid  ab.sorption  of  the  gas.  The  other  bottle  is  to 
hold  the  solution  when  it  is  driven  out  of  the  first  bottle 
by  the  gas  to  be  tested. 

In  this  first  bottle  place  a  rubber  stojjper,  hiving  a 
gla.ss  tui)e  thro\igh  it.  It  should  project  about  a  half  inch 
on  each  side  of  the  stopper  to  attach  the  rul)bcr  tube  on 
the  outside  and  tlie  lower  end  serves  as  a  gage  for  the  solu- 
tion when  in  use. 

If  it  is  desired  to  test  for  CO  aiul  O,  three  such  pairs 
of  lx)ttlcs  must  be  made  and  a  different  solution  used  in 


each,  but  for  ordinary  use  the  CO,  test  is  all  that  is 
needed  and  the  engineer  can  generally  tell  whether  a 
small  per  cent,  is  due  to  too  much  or  too  little  air. 

Join  the  burette  and  absorption  bottle  with  tlie  three- 
way  cock  with  rubber  tubing  as  shown,  and  connect  the 
other  bottle  with  the  bottom  of  the  burette  by  18  inches 
of  the  rubber  tube  for  a  leveling  bottle.  Fill  the  absorp- 
tion bottles  half  full  of  a  solution  of  caustic  potash  and 
water  as  strong  as  can  be  made.  Then  proceed  as  fol- 
lows :  Fill  the  leveling  bottle  with  water,  open  the  three- 
way  cock  to  the  atmosphere  and  raise  the  leveling  bot- 
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tic  to  fill  the  burette  with  water.  Next  turn  the  three- 
way  cock  to  connect  to  the  caustic  bottle  and  lower  the 
leveling  bottle  until  sufficient  water  has  run  out  of  the  bu- 
rette to  raise  the  caustic  solution  in  the  first  bottle  to  a 
])oint  where'  it  just  touches  the  glass  tube  in  the  cork. 
Turn  the  three-way  cock  to  cut  off  from  the  caustic,  open 
to  the  atmosphere  and  again  fill  the  burette  with  water 
by  raising  the  leveling  bottle. 

You  now  have  100  cubic  centimeters  of  water  in  the 
burette,  and  the  first  obsorption  bottle  is  f\dl  of  the  caus- 
tic and  the  other  bottle  is  nearly  cmi)ty.  Now  all  is  ready 
for  the  gas  sample.  Make  a  gas  bell  out  of  two  tin  cans, 
one  of  which  will  easily  slip  inside  of  the  other.  In  the 
bdttoni  of  the  smaller  one  solder  a  short  spout  to  which 
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to  attach  the  rubber  tube  and  fill  the  larger  can  with 
water.  Put  the  smaller  into  it  bottom  up,  so  that  it  will 
be  completely  filled  with  water  and  all  air  excluded. 
Put  a  piece  of  quarter-inch  gas  pipe  through  the  boiler 
setting  at  the  point  where  you  wish  to  obtain  the  sample, 
taking  care  to  avoid  dead  spaces  and  corners.  To  this 
pipe  attach  the  tube  and  bulb  of  a  cheap  syringe,  which 
answers  as  a  gas  pump,  and  pump  a  sample  of  gas 
into  the  gas  bell.  It  is  well  to  pump  some  gas  through 
the  bell  to  make  sure  that  all  air  in  the  pipe  and  tube  has 
been  expelled. 

Having  obtained  the  sample,  next  connect  the  gas  bell 
to  the  burette,  and  draw  the  water  down  to  the  zero 
mark  (by  lowering  the  leveling  bottle).  You  have  now 
drawn  off  100  cubic  centimeters  of  water  and  the  gas  has 
taken  its  place. 

Turn  the  three-way  just  enough  to  shut  off  from  the  at- 
mosphere without  opening  to  the  caustic  and  disconnect 
from  the  gas  bell ;  open  the  three-way  to  the  atmosphere 
for  an  instant.  This  will  relieve  any  pressure  above  the 
atmosphere  that  may  be  on  the  gas.  Then  turn  the 
three-wav  to  connect  the  burette  with  the  caustic  bot- 
tle. Eaise  the  leveling  bottle  so  that  the  water  will 
drive  the  gas  over  into  the  caustic  bottle,  then  lower  the 
leveling  bottle  and  draw  the  gas  back  into  the  burette. 
Eepeat  this  operation  two  or  three  times.  Now,  finally 
draw  the  gas  back  into  the  burette  until  the  caustic  just 
touches  the  glass  tube  in  the  cork,  as  in  the  beginning, 
and  turn  the  three-way  to  close  from  both  atmosphere 
and  caustic.  Then  raise  and  lower  the  leveling  bottle 
until  a  place  is  foimd  where  the  gas  is  free  from  com- 
pression or  expansion,  and  the  amount  that  the  water 
now  stands  above  zero  on  the  graduated  scale  is  the  per 
cent,  of  CO,  absorbed.*  With  a  little  practice,  these  tests 
can  be  made  rapidly. 

A  sample  of  gas  from  Just  back  of  the  bridge  wall 
under  the  boiler  should  show  13  to  16  per  cent.  If  it  does 
not,  look  at  the  fire  and  see  that  the  grates  are  all  covered, 
i.e.,  no  holes  in  the  fire.  Then  try  different  thicknesses 
until  tliis  per  cent,  is  obtained.  Next  take  a  .sample  at 
the  back  end  of  the  combustion  chamber  or  at  the  up- 
take. If  the  COo  is  less  the  farther  you  get  from  the  fire, 
it  is  due  to  air  infiltration  and  the  obvious  remedy 
is  to  get  after  the  cracks. 

Just  what  this  air  leakage  means  can  be  told  by  tlie 
following  table : 


%  CO 2      3     4      ^     6     7 

%  Loss    90    60    45    36    30    26 

%    Efficiency 10    40    55    64     70    74 


9  10  11  12  13  14 
20  IS  16  15  14  13 
SO    82    84    S5    S6    S7 


§®!.^B!ni^  <Co©Mia^  "Wsitter 

By  T.  W.  Reynolds 

The  sketch  shows  an  arrangement  of  piping  whereby 
the  cooling  or  jacket  water  from  a  compressor  was  saved 
and  delivered  through  a  float  valve  into  an  overhead  re- 
ceiver from  a  heating  system. 

Only  a  small  quantity  of  makeup  water  for  boiler  pur- 
poses was  required,  therefore  the  water  from  the  com- 
pressor could  not  be  continuously  discharged  into  the  re- 
ceiver without  wasting  part  of  the  heat  of  the  return 
water  by  the  overflow  from  the  receiver  discharged  to  the 
sewer. 

To  avoid  wasting  this  cooling  water  when  required  as 
makeup,  an  arrangement  was  made  as  shown,  whereby 
it  is  dischara'ed  into  the  receiver  when  the  float  valve  F 


After  this  a  draft  gage  will  be  needed.  With  a  blow 
torch,  heat  a  piece  of  glass  tube  8  inches  long  to  a  cherry 
red  and  bend  it  in  the  form  of  a  hairpin.  Fasten  it  to  a 
board  and  mark  off  a  scale  of  inches  divided  in  tenths 
on  a  card,  and  the  difference  in  the  water  level  in  the  two 
legs  is  an  indication  of  the  vacuum.  Try  different  draft 
pressures  and  after  observing  the  effect  on  the  CO2  read- 
ings, a  decided  saving  in  coal  will  be  noted. 

As  the  boss  should  know  what  has  been  done,  make  him 
a  neat  looking  statement  of  what  all  this  means  in  dol- 
lars and  cents  per  year.  He  will  be  interested,  though  he 
may  not  seem  to  be,  and  it  will  surely  have  its  effect  in 
time. 

•The  iUustration  should  show  the  graduations  on  the 
burette  tube  from  zero  near  the  bottom  to  50  at  the  top. 
The  pinch  clamps  referred  to  are  for  use  on  the  rubber  tubing 
to  stop  the  flow  of  gas. 
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is  open.  When  this  valve  is  closed  the  jacket  water, 
which  is  at  city  pressure,  is  automatically  discharged  to 
the  sewer  through  the  relief  valve. 

When  the  compressor  is  not  running,  valve  A  is  opened, 
admitting  a  direct  supply  of  city  water  to  the  receiver. 

The  relief  valve  should  be  so  adjusted  that  it  wiU  open 
to  the  sewer  at  slightly  over  10-lb.  pressure.  This  will 
allow  for  the  static  head  of  20  ft.  to  the  tank.  Other- 
wise the  water  would  jjass  through  the  line  of  least  re- 
sistance, i.e.,  through  the  relief  valve  to  the  sewer,  rather 
than  raise  itself  to  the  elevated  tank. 


The  Xye  Tool  &  .Machine  Co.,  Chicago,  111.,  has  re- 
cently developed  a  pipe  cutter  fitted  with  a  knurled-edge 
cutter  wheel  in  place  of  the  usual  plain,  sharj^-edge  disk 
wheel.  The  teeth  are  knurled  diagonally  and  remove 
metal  during  the  cutting  process  instead  of  upsetting  it,  as 
is  done  by  the  ordinary  disk  wheel.  Friction  is,  therefore, 
reduced  and  large  pipe  can  be  cut  with  less  effort.  The 
knurled  wheels  are  made  in  sizes  and  styles  to  fit  any 
regular  make  of  holder  on  the  market. 

'.V. 

Draft  Vnlve — Each  quality  of  fuel  used  requires  a  spe- 
cial draft  value.  For  run-of-mine  bituminous  coals  an  aver- 
age of  0.01  in.  of  water  is  allowed  for  each  pound  of  coal 
fired  per  hour.  Thus  two  300-hp.  boilers  having  a  total  of  106 
sq.ft.  of  grate  area  and  burning  20  lb.  of  fuel  per  sq.ft.  per 
hour  would  require  a  draft  of  (20  X  0.01  in.)  =  0.2  in.  The 
draft  actually  used  will  generally  be  from  two  to  five  times 
that  really  required. 
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M®  FSsice  for  ftihe  Cesatr^l  StatioEa 

The  central  station  lias  a  legitimate  field  to  which  it 
can  supply  electrical  eneri;y  at  a  cost  lower  than  it  could 
be  produced  individually  by  its  customers.  But  a  large 
office  building  requiring  steam  for  heating,  and  perhaps 
refrigeration,  is  far  removed  from  this  class,  as  with 
an  uptodate  isolated  plant  and  efficient  management  the 
various  services  can  be  supplied  at  a  cost  lower  than  any 
legitimate  charge  made  by  the  central  station. 

It  is  true  that  the  cost  of  generating  current  in  the 
central  station  is  u.sually  less  than  in  a  small  isolated 
jilant,  but  the  cost  of  distribution  and  the  overhead 
charges  attached  to  the  former  are  so  heavy  as  to  more 
than  wipe  out  any  advantage  gained  in  the  engine  room. 
In  olitainiug  large  business  it  is  quite  customary  for 
the  central  station  to  omit  all,  or  the  greater  part,  of 
these  last  two  items  from  the  charge  to  the  consumer  and 
make  it  tip  by  e.xorbitant  rates  to  the  small  customer, 
but  even  then  the  steam  which  must  be  generated  for 
heating  presents  an  insurmountable  obstacle. 

Why  then  are  so  many  buildings  purchasing  current? 
If  the  truth  were  known,  many  of  them  are  controlled 
through  interlocking  financial  interests.  Then  again 
there  are  owners  who  will  listen  to  plausible  solicitors 
and  sign  contracts  with  but  little  knowledge  of  what 
they  are  doing.  The  combined  cost  of  electrical  service 
and  heating,  however,  soon  presents  evidence  which  is 
undisputable. 

A  noteworthy  example  of  an  isolated  plant  which  has 
effected  a  large  saving  is  cited  on  other  pages  of  this 
issue.  The  names  and  locations  of  the  buildings  are 
withheld  due  to  a  request  by  tlie  owner,  but  the  facts 
and  results  obtained  are  presented.  The  results  are 
specially  interesting  as  tiiere  are  two  buildings,  of  nearly 
the  same  size  and  requirements,  one  supplied  with  cen- 
tral-station service  and  the  otlier  containing  an  isolated 
plant,  although  this  condition  will  e.xist  only  until  the 
central-station   contract    for  the  older  building  ex])ires. 

With  the  older  buihling  the  owner  made  the  common 
mistake  of  installing  central-station  service,  not  only 
for  lighting  and  ]>ower  hut  for  heating  and  some  refriger- 
ation as  well.  Paying  the  hills  for  these  different  services 
was  an  excellent  schooling,  and  when  the  new  building 
went  up  a  private  ])lant  was  installed. 

For  central-station  charges  on  the  loads  carrii'd,  the 
rates  were  not  excessive,  thirty-seven  and  ()n(!-liair  cents 
per  thousand  pounds  of  steam  and  two  and  one-half  cents 
per  kilowatt-hour,  yet  a  large  saving  was  effected.  The 
private  plant  is  capable  of  ]irodu(ing  high-pressure  steam 
for  eighteen  cents  per  thousand  pounds,  and  by  using  the 
exhaust  from  the  generating  units,  the  demand  for 
live  steam  is  greatly  reduced.  In  fact,  the  annual  sav- 
ing on  this  one  item  in  the  older  building  amounted  to 
more  than  seven  thousand  dollars.  Including  interest, 
depreciation  and  all  o|)crafing  charges,  and  making  no 
allowances  for  the  utilization  of  exhaust  steam,  current 
can  be  generated  for  1.7  cents  jier  kilowatt-hour,  as  com- 


pared to  the  2.0  cents  charged   by   the  central  station. 

To  the  saving  in  the  older  building  this  difference 
added  nearly  four  thousand  dollars,  and  sixty-six  hun- 
dred more  if  the  private  plant  furnished  current  to  tlie 
tenants  at  the  price  made  by  the  central  station.  Neg- 
lecting the  last  item,  the  estimated  saving  in  the  older 
building  totals  nearly  eleven  thousand  dollars.  It  should 
be  more  in  the  new  building  even  after  allowing  for 
some  decrease  in  rate  due  to  the  larger  demand.  A  sav- 
ing of  twenty-five  thousand  dollars  per  year  on  the  two 
buildings  is  a  conservative  estimate. 

Many  office-building  jjlants  of  various  sizes  in  the  coun- 
try are  making  good,  and  their  records  would  no  doubt  be 
available  to  those  really  interested.  In  these  days  divi- 
dends from  office  structures  are  not  so  large  as  to  war- 
rant throwing  away  several  thousand  dollars  per  year. 
Whether  to  buy  or  make  current  is  a  question  worth  in- 
vestigating, for  generally  the  building  owner  will  save 
money  by  installing  an  isolated  plant. 


Siadltuistlrfal    Edltiflcatiosa   ^g^Ssa 

We  commented  on  this  subject  editorially  in  our  issue 
of  July  28,  and  are  minded  to  mention  it  again  because 
of  two  references  to  it  in  this  number.  Mr.  Dixon  in 
his  letter,  "Industrial  Education — a  Warning  and  a 
Hint,"  on  p.  689,  says  many  things  in  which  we  concur, 
howbeit  his  criticism  is  a  bit  sweeping  and  in  parts 
rather  cynical. 

Incidentally,  we  take  exception  to  his  characterization 
of  "safety-first"  propaganda  as  hypocritical.  While  un-' 
questionably  the  movement  is  a  fad  with  some,  and  there 
are  those  identified  with  it  for  selfi.sh  purposes  of  their 
own  publicity,  the  fact  remains  that  it  has  its  origin  in 
a  real  need  and  its  value  is  so  important  that  it  deserves 
enij)hasis  by  whatever  means  may  happen  to  be  employed. 
We  have  added  our  connnents  whenever  they  seemed 
called  for  and  shall  continue  so  to  do  while  those  res])on- 
sible  for  public  welfare  and  safety  persist  in  evidencing 
a  disposition  to  be  careless  or  reckless. 

To  return  to  the  subject  in  hand,  we  endorse  flic  work 
recounted  under  "Engineering  Affairs,"  p.  69(>,  under- 
taken at  Pratt  Institute  to  train  practical  mechanics  as 
teachers  of  their  several  trades.  This  cour.>ie  ap]iroaclies 
the  problem  in  so  eminently  logical  a  manner  that  we  be- 
lieve it  will  have  flic  ajiproval  of  all  interested  in  secur- 
ing the  best  results  from  industrial  education. 

Without  detracting  from  the  advantages  of  the  study 
of  i>edagogy  to  all  who  enter  the  instructing  profession, 
we  submit  that,  at  least  so  far  as  trade  school  work  is  con- 
cerned, it  is  easier  to  impart  enough  of  the  teaching  art 
to  tho.se  already  experienced  in  the  mechanic  arts  for 
them  to  become  effi<'ient  trade  teachers  than  to  supply  the 
lack  of  practical  shop  or  ])ower-plant  exiieriencc  to  those 
whose  main  qualification  is  a  knowledge  of  educational 
methods.  We  look  for  a  large  success  for  the  course  in- 
itiated at  Pratt  Institute  and  hope  to  see  the  instructing 
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start'  of  industrial  schools  mainly  recruited  from  the  ranks 
of  men  who  have  received  such  training. 

The  main  theme,  as  we  read  it,  in  Mr.  Dixon"s  argu- 
ment is  that  the  mere  earning  of  a  living  shoiikl  not  be 
the  wliole  purpose  of  educational  training;  naturally,  in- 
dustrial schools  form  the  only  class  of  educational  in- 
stitutions that  need  this  warning.  A  basic  idea  of  such 
schools  is  to  eliminate  waste  time  in  unnecessary  studies, 
but  if  the  instructors  are  guided  only  by  the  motive  of 
equipping  their  students  to  earn  a  living,  they  err,  in  Mr. 
Dixon's  judgment.  However,  is  it  not  likely  that,  if  the 
teachers  are  drawn  from  the  field  in  which  they  are  teach- 
ing others  to  serve,  they  will  sense  all  the  needs  of  the 
workers  in  that  field  sufficiently  not  to  exclude  the  train- 
ing which  will  enable  them  to  derive  the  greatest  enjoy- 
ment and  satisfaction  in  their  chosen  sphere  of  activity  ? 

Granted  that  the  country  needs  not  simply  workers 
but  thinkers  and  good  citizens,  the  problem  resolves  itself 
into  the  difficult  one  of  deciding  how  far  the  industrial 
schools  should  go  in  endeavoring  to  inculcate  tlie  broader 
principles  of  useful  citizenship  into  their  students.  If 
they  are  at  present  leaving  too  much  to  the  chance  that 
the  individual  student  will  develop  properly  by  instinct, 
home  influence,  or  contact  with  his  fellows  in  the  broad 
school  of  life,  what  can  they  do  to  remedy  this  defect? 
The  best  suggestion  we  can  offer  is  tliat  the  instructors 
be  carefully  selected  for  their  professional  success  and 
general  integritj'.  The  rest  can  be  left  to  their  wisdom 
to  adopt  the  best  instructing  methods  and  to  their  ex- 
ample to  inspire  their  students. 


As  stated  on  page  695,  the  lever  of  a  safety  vahc  on  a 
high-pressure  boiler  was  held  dowm  Ijy  a  prop  under  tlic 
.sidewalk.  It  seems  incredible  that  such  a  thing  .should  be 
done  in  the  heart  of  a  city,  on  a  large  boiler  located  di- 
lectly  under  the  sidewalk  around  a  hotel,  on  the  corner  of 
two  busy  thoroughfares.  Overloaded  safety  valves  in  out- 
o'f-the-way  places  probably  do  exist,  but  in  a  city  and  a 
plant  in  charge  of  licensed  engineers,  day  and  night,  a 
hotel  full  of  gTiests,  with  cafe  and  dining  room  patronized 
by  hundreds  and  the  sidewalks  traversed  l)y  thousands 
daily,  it  is  almost  beyond  belief. 

Aside  from  the  gag  on  the  safety  valve,  there  was  but 
one  relief  valve  attached  to  the  boiler.  Tliis  circum- 
stance emphasizes  the  need  of  an  auxiliary  spring  loaded 
valve,  wliich  can  be  locked  when  properly  set  so  that  it 
cannot  be  tampered  with.  Such  a  valve  should  be  required 
on  all  boilers  (as  it  is  in  several  states  and  some  provinces 
in  Canada).  There  was  no  convenience  for  lifting  the 
lever  of  the  valve  and,  as  its  location  and  surroundings 
made  it  almost  inaccessible,  it  is  likely  this  was  seldom 
done.  It  may  be  easily  credited  that  the  daily  test  as  well 
as  allowing  the  valve  to  blow  from  over-pressure  were  ob- 
jected to  on  account  of  the  noise  and  other  annoyances. 
Was  the  gag  put  on  for  that  rea.son  ? 

Then  again,  this  boiler  was  not  equipped  with  a  fusible 
plug  to  give  warning  in  case  of  low  water.  Surely  such 
an  inexpensive  safeguard  should  not  have  been  omitled. 

The  metliod  of  putting  in  the  new  tubes  is  seriously 
questioned.  The  previous  set  had  been  rolled  several 
times  during  its  time  of  service  and  the  holes  in  the  tube 
sheet  were  considerably  enlarged  as  a  result.  If  tiie  holes 
were  stretched  more  on  the  inner  than  on  the  outer  side 


t)f  tlie  sheet,  the  staying  ett'ect  ot  the  tubes  would  be  almost 
nil.  This,  together  with  the  fac-t  that  the  new  tubes 
^vere  not  beaded  over  or  even  fiared  on  the  outside,  would 
cause  the  head  to  receive  the  strain  unaided.  The  total 
load  on  .a  licad  of  such  diameter  miglit  easily  be  beyond  the 
lesistanve  of  the  unsupported  sheet. 

Specific  instructions  as  to  the  proper  method  of  ex- 
panding tubes  into  tlie  headers  of  water-tube  boilers,  and 
wliich  are  equally  applicable  to  other  types,  appeared  on 
page  245  of  tile  Aug.  18  i.ssue,  written  by  E.  H.  Wells. 

The  UtO  of  shims,  especially  thick  iron  ones,  has  more 
of  the  look  of  a  patch  job  to  make  undersized  tubes  do 
than  first-class  fitting.  As  a  matter  of  fact,  they  are  often 
used,  but  the  tubes  should  be  flared  or  beaded  over  them. 

Local  regulations  should  certainly  be  more  stringent 
and  more  inspectors  .should  be  added  to  the  boiler  squad  to 
make  closer  supervision  ])ossible.  Don't  forget  that  thor- 
ough and  efficient  examinations  and  inspections  before  ac- 
cidents bring  better  results  than  the  same  work  after  an 
accident. 

W. 

Tlh®  Wsi2=  Siimdl  ttlhe  F^ar 

Commend  us  to  the  optiniist  evury  time.  We  have  to 
admire  the  chap  who  faces  a  dismal  outlook  with  a  grin 
even  if  it  is  forced.  So  we  say  "Hats  ofl'  I"  to  the  public- 
ity department  of  the  Panama-Pacific  Exposition  for 
making  a  statement  like  this : 

There  is  nothing  in  the  present  situation  that  seems  Hkely 
to   affect   seriously   the   success   of   the    exposition. 

The  best  part  of  it  is  that  after  so  bold  a  declaration 
they  still  have  the  courage  to  back  it  up  with  the  follow- 
ing reasoning;  which  certainly  does  "listen  well": 

Any  possible  loss  of  exhibits  from  countries  involved  in 
war,  if  it  occurs,  will  be  balanced  by  an  increase  from  other 
directions.  The  effect  on  attendance,  if  any,  is  likely  to  be 
favorable  rather  than  otherwise,  what  is  lost  in  attendance 
from  Europe  being  ten  times  compensated  for  by  Americans 
coming  here  instead  of  going  to  Europe. 

Further,  they  claim  that  the  war  will  turn  "•hundreds 
of  thousands"  of  tourists  from  North  and  South  America 
to  the  exposition  instead  of  to  Europe.     An  official  says: 

The  war  in  Europe  will  offer  a  great  opportunity  to 
American  manufacturers.  One  of  the  contending  European 
nations  has  controlled  70  per  cent,  of  the  South  American 
trade.  This  war  will  force  that  trade  upon  us  and  force 
L,atin-Americans  to  visit  this  country.  It  has  been  impossi- 
ble for  the  American  manufacturers  to  invade  the  commer- 
cial fields  held  by  Great  Britain  and  Germany  in  Latin 
America. 

And  he  goes  on  to  say  that  under  the  conditions  the 
English  and  German  nations  will 

find  it  necessary  to  make  a  strenuous  effort  at  the  exposition 
to  retain  their  trade,  which  previous  to  the  crisis  they  con- 
sidered secure,  and,  above  all,  the  exposition  will  be  the 
beneficiary  of  the  unprecedented  prosperity  of  the  Middle 
V\"est    resulting    from    their    bumper    crops    and    war    prices. 

Enthusiasm  and  loss  of  heart  are  both  infectious,  so  a 
gloomy  prospect  may  be  improved  by  such  talk,  and  sure- 
ly will  be  aggravated  by  the  other  kind.  Therefore,  those 
who  insist  on  believing  that  the  war  will  make  prices 
liigh  so  that  those  in  moderate  circumstances  will  have 
to  economize  and  forego  unnecessary  travel,  especially  to 
world's  fairs  where  nothing  is  cheap,  or  who  think  that 
nations  at  war  have  enough  of  a  job  on  their  hands  and 
no  time  or  money  to  devote  to  preparing  exhibits,  should 
keep  such  thoughts  to  themselves. 

Let  us  show  the  world  that  we  can  make  a  success  of 
the  Fair  in  spite  of  the  unfavorable  conditions. 


November   10,  I'JU 
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The  sketch  sliows  a  simple  means  of  detecting  polarity 
ill  a  direct-current  circuit.  It  consists  of  a  wooden  board 
upon  which  is  mounted  a  Ki-cp.  lamp  and  socket,  in 
circuit  with  two  terminals  I'  and   ("  and  two  pieces  of 


SiMPLK  Means  of  DioTEiiMiNiNG  Polaijity 

fusible  wire  P  and  P'  which  project  into  a  glass  contain- 
ing water  with  8  or  10  drops  of  sulphuric  acid. 

AAHien  the  terminal  posts  have  been  connected  to  the 
circuit  the  lamp  will  light  and  bubbles  will  appear  in  the 
glass.  Within  a  short  time,  one  of  the  leads  in  the  water 
will  become  brown  and  the  other  a  liright  gray.  The 
former  will  denote  the  positive  and  the  latter  the  nega- 
tive wire. 

r.  p.  AjiruDiA. 

New  York  Citv. 


A  three-stage  jiump.  di-i\en  by  a  compound,  direct-cur- 
rent, variable-speed  motor,  handling  drainage  water  in  a 
mine,  gave  trouble  by  taking  too  much  current  and  trip- 
ping the  circuit-breaker  in  the  ]iower  house  when  the  speed 
was  increased  to  give  the  required  head.  At  first  it  was 
thought  to  be  due  to  stojjpage  at  the  inlet  of  the  pump. 
Accordingly,  the  casing  was  opened  several  times  and 
the  parts  examined,  but  they  were  free  and  properly  as- 
sembled. 

The  machine  was  a  mile  from  the  jiower  house,  and  had 
over  :J00  ft.  of  lift.  The  luotor  was  started  in  the  usual 
manner  with  full  field,  the  speed  being  increased  by  weak- 
ening the  shunt  field  until  the  pump  l)egan  to  deliver  wa- 
ter. The  slight  rise  in  speed  necessary  to  increase  the 
flow  resulted  in  a  heavy  increase  in  current,  causing 
the  circuit-breaker  to  go  out. 

Several  trials  convinced  me  that  the  trouble  was  due  to  a 
wrong  series  field  connection,  for  when  the  motor  was 
brought  up  to  speed  by  weakening  the  shunt  field,  the  ser- 
ies field  became  stronger  by  the  increased  current  until 
at  a  certain  load  it  overcame  the  shunt  field,  and.  being 
in  the  opposite  direction,  tended  to  reverse  rotation  with 
the  results  as  noted.  Accordingly,  the  series  field  coimee- 
tions  were  reversed,  after  which  the  machine  was  put  into 
service  and  took  only  normal  load  current. 

In  another  instance  a  small  three-phase  motor  driving  a 
centrifugal  jiump  heated  excessively  when  first  put  in  ser- 
vire.  An  ammeter  in  the  line  showed  overload  current, 
and.  believing  the  trouble  to  be  caused  by  over  capacity  of 


the  pump  on  account  of  the  nature  of  the  liquid  handled, 
the  piping  was  changed  so  that  a  test  for  head  and  capacity 
could  be  made.  This  showed  the  motor  to  be  a  little  over- 
loaded, but  not  enough  to  account  for  the  excessive  cur- 
rent. 

A  wattmeter  connected  in  the  lines  near  the  motor 
showed  that  the  trouble  was  due  to  the  auto-transformer 
used  in  starting.  All  three  lines  were  closed  when  in  the 
starting  position,  but  in  the  running  position  one  line  was 
open  because  of  a  broken  contact  finger.  This  was  re- 
paired and  the  motor  operated  satisfactorily. 

William  Salt. 

Trenton,  N.  J. 


GrasMe^ts  f<Q)T  Wl-Qji^®  fbip  CoHsappeS" 


We  are  having  trouble  in  keeping  the  plugs  tight  on  the 
valve  bonnets  of  an  ammonia  compressor.  Lead  gaskets 
have  been  tried  made  of  one  part  bismuth,  one  part  tin 
and  twenty-five  parts  lead,  but  these  were  too  soft  and 
would  not  hold ;  they  seemed  to  melt  away. 

As  the  machine  is  old-style,  we  do  not  know  what  kind 
of  gaskets  were  iised  originally.  Eecently  the  valves  were 
reseated  and  the  repair  man  did  not  use  the  correct  gasket 
material  when  he  put  the  plugs  on.  Will  readers  please 
advise  what  material  we  should  use  for  these  ga.skets? 
Christian  L.  Hekr. 

Lancaster,  Penn. 


i>asiffi-pfia£s^Bini« 


A  report  of  a  boiler  test  shoidd  interest  any  business 
man  who  has,  or  expects  to  have,  a  boiler.  If  we  address  a 
report  of  any  kind  to  an  audience,  we  u.se  the  language 
of  that  audience  rather  than  our  own;  we  address  the 
English  in  English,  the  French  in  French,  the  Chinese 
in  Chinese.  Therefore,  we  should  address  a  report  to 
the  public  in  language  used  or  understood  by  the  ])ublic. 

Many  i)oiler  plants  arc  under  the  management  of 
busy  and  brainy  men,  who  are  not,  however,  chemists, 
physicists  or  engineers.  Such  men  become  lost  amid  the 
confusion  of  unnecessary  technical  phrases,  fail  to  distin- 
guish between  what  are  apparently  slight  shades  of  ex- 
pression, and  finally  give  up  all  idea  of  understanding 
reports  which,  though  meant  for  them,  are  written  in 
an  unfandliar  language.  Hence  it  is  often  impossible  for 
them  to  compare  one  lioiler  test  with  another  and  arrive  at 
any  satisfactory  conclusion. 

A  l)oiler-test  report  wilt  contain  one.  or  all  of  the  fol- 
lowing expressions: 

1.  Actual  evaporation  per  pound  of  coal  as  fired. 

2.  Actual  evaporation  per  pound  of  dry  coal. 

'.].     Actual  evajioration  i)cr  pound  of  cond)ustible,  me- 
chanically obtained. 
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4.  Actual  evaporation  per  pound  of  combustible,  cliem- 

icalh-  obtained. 

5.  Equivalent  evaporation  per  pound  of  coal  as  fired. 

6.  Equivalent  evaporation  per  pound  of  dry  coal. 

7.  Equivalent  evaporation  per  pound  of  combustible, 

mechanically  obtained. 

8.  Equivalent  evaporation  per  pound  of  combustible, 

chemically  obtained. 

Is  it  any  wonder  that  the  business  man  throws  up  his 
hands  in  despair?  Eight  expressions,  all  much  alike  and 
all  different !  Can  we  blame  him  if  he  is  prone  to  consider 
his  engineering  brother  as  pedantic  and  fond  of  splitting 
hairs  ? 

The  exjjression,  '"a  pound  of  coal,"'  is  used  by  the  engi- 
neering fratemitv"  as  though  coal  were  a  definite  and 
fixed  compound  of  unvarsnng  mixture  and  heat  value. 
All  of  these  things  coal  is  not,  and  neither  is  combustible, 
so  that  after  using  such  expressions  we,  of  the  engineer- 
ing profession,  clear  up  our  own  conscience  by  other  ex- 
pressions, which,  wjiile  clear  to  us,  are  equally  maddening 
to  our  cUents.  AMiat  does  the  "efficiency  of  boiler,  furnace, 
and  grate"  mean  to  them,  and  what  difference  can  they 
."^ee  between  that  and  the  "efficiency  of  boiler  and  fur- 
nace ?" 

The  Bureau  of  Mines,  Bulletin  22,  gives  the  analyses 
of  coals  of  the  United  States,  the  heat  values  ranging 
from  5000  to  15,000  B.t.u.  per  pound.  This  shows  that 
"a  pound's  a  pound  the  world  around"  does  not  apply  to 
coal,  as  the  burning  of  a  pound  of  one  grade  will  make 
as  much  steam  as  the  burning  of  three  pomids  of  another 
grade. 

A^Tien  a  certain  amount  of  coal  is  fed  onto  the  grates, 
the  ash,  slate  and  other  refuse,  and  such  of  the  coal  as 
falls  through  the  grates,  are  not  burned.  This  unburned 
material  may  all  be  weighed  and  the  weight  of  the  burned 
material  thus  ascertained.  This  actually  burned  material 
is  called  the  "combustible."  A  pound  of  it,  however, 
will  have  as  wide  a  variation  in  heat  value  as  the  coal  it- 
self. A  pound  of  "combustible"  is  therefore  a  meaning- 
less term. 

It  is  true  that  the  engineer  makes  a  report  of  two 
kinds  of  efficiency,  one  based  upon  the  heat  value  of  a 
pound  of  "drv'  coal,"  the  other  upon  that  of  a  poimd  of 
"combustible."  The  theorj*  is  a  beautiful  idea  that  all 
the  weight  of  coal  fired  except  the  moisture  and  the  residue 
which  has  fallen  through  the  grates,  passes  off  from  the 
grates  in  a  combustible  form  and  that  it  is  the  duty  of 
the  furnace  and  boiler  to  utilize  as  much  as  possible. 
The  grate  itself  is  exonorated  from  responsibility  in 
connection  with  the  utilization  of  this  "combustible"  and 
the  efficiency  wlucli  is  based  upon  it  is  called  by  engineers 
"the  efficiency  of  furnace  and  boiler."  The  other  efficiency, 
which  is  based  upon  the  heat  value  of  the  "dry  coal,"  is 
arrived  at  by  considering  that  it  is  the  duty  of  the  three 
essential  parts  (grate,  furnace  and  boiler)  to  utilize  as 
much  as  possible  of  the  potential  lieat  furnished  them  as 
coal. 

These  two  distinctions  are  unnatural  and  misleading. 
The  grate  cannot  thus  be  irrationally  separated  from  the 
furnace  and  boiler.  The  ratio  of  the  potential  heat  in  a 
pound  of  drj'  coal  to  the  heat  actually  developed  per 
pound  of  dry  coal  is  not  unequal  to  the  ratio  of  the  poten- 
tial heat  in  a  pound  of  coal  as  fed,  to  the  heat  actually 
developed  per  pound  of  coal  as  fired.  Why,  then,  refer  to 
dry  coal  ? 


If  coal  drops  through  the  grates  unburned,  or  onl)' 
partially  burned,  it  may  be  due  more  to  the  construction 
of  the  furnace  over  the  grates  than  to  the  grates  them- 
selves. On  the  other  hand,  volatile  matter  may  be  sep- 
arated from  the  fuel  and  be  included  as  part  of  the  com- 
bustible for  wliich  furnace  and  boiler  must  account,  where- 
as it  will  really  pass  up  the  stack  unburned  on  account  of 
inferior  grate  construction.  Or  the  entire  boiler  may  be 
cooled  off  on  account  of  the  grates  allowing  too  much  air 
to  enter.  It  is  clear  then  that  the  efficiency  of  the  grate 
cannot  be  independently  established  and  that  any  report 
of  efficiency  must  include  it,  as  well  as  the  large  factor 
of  the  efficiency  of  the  fireman,  who  may  handle  most 
efficient  apparatus  inefficiently  or  vice  versa. 

In  considering  or  comparing  any  boiler  efficiencies,  it 
is  well  to  remember  that  no  two  boiler  tests  can  be  com- 
pared truly  and  absolutely  one  with  the  other  on  account 
of  this  human  element,  and  that  behind  extremely  high 
efficiencies  there  may  stand  skillful  firemen. 

Another  troublesome  expression  to  the  ordinary  busi- 
ness man  is  "evaporation  from  and  at  212  degrees."  He 
can  conceive  that  more  heat  is  required  if  the  water  is 
fed  in  a  colder  state  and  that  less  will  be  required  if 
the  temperature,  or  pressure,  of  the  steam  is  reduced. 
He  can  conceive  therefore  that  a  certain  feed  and  a  certain 
steam  temperature  may  be  used  as  a  "standard"  in  order 
to  compare  one  evaporation,  or  production,  of  steam  to 
another. 

To  sum  up,  the  use  of  expressions  admittedly  meaning- 
less, variable,  or  difficult  for  the  laity  to  comprehend,  is 
a  needless  impediment.  Evaporation  "from  and  at  212 
deg.  F."  may  be  expressed  as  "standard  evaporation,"  the 
meaning  of  which  any  ordinary  man  will  grasp.  In 
like  manner,  true  comparison  of  one  test  with  another  re- 
quires a  "standard  fuel."  Say,  for  instance,  any  weight  of 
any  fuel  containing  10,000  B.t.u.  comprises  a  pound  of 
"standard  fuel."  Bearing  these  ideas  in  mind,  the  re- 
port of  a  boiler  test  can  be  greatly  clarified  and  condensed. 
Any  report  of  moisture,  ash,  refuse  or  combustible  is  dis- 
carded as  these  factors  are  automatically  cared  for  b^ 
the  use  of  a  "standard  fuel."  Conditions  of  ash,  slate, 
moisture,  etc.,  are  elements  of  a  report  of  a  fuel  test,  any- 
way, rather  than  a  boiler  test. 

While  the  adoption  of  these  vievfs  would  result  in  a  "sim- 
plified report  of  boiler  tests,"  as  given  herewith,  one  read- 
ily understood  by  engineers  and  laymen  alike,  yet  the  es- 
sential commercial  results  which  the  business  man  wishes 
to  know  comprise  only  the  efficiency  of  the  boiler  and  the 
capacity  of  the  boiler  while  showing  that  efficiency;  or 
vice  versa,  the  capacity  of  the  boiler  and  resulting  effi- 
ciency. For  fuels  of  a  similar  nature,  these  results  are 
independent  of  every  condition  except  the  skill  of  the 
fireman;  and  by  these  results  alone  can  one  equipment 
and  operator  be  compared  to  another  equipment  and  op- 
erator. Efficiency  should  be  based  only  upon  the  coal  as 
fired,  or  should  express  the  relation  of  output  to  input. 

If  I  were  a  business  man,  I  would  eliminate  the  non- 
commercial items  of  a  boiler  report  entirely  and  would 
wish  to  know  only  four  things  about  a  boiler  test : 

1.  The  kind  of  fuel  used. 

2.  The  skill  of  the  fireman.  ; 

3.  The  capacity  during  test. 
1.     The  efficiency  during  test. 

I  should  want  tests  made,  to  secure  as  great  a  capacity  as 
possible  and  to  know  at  what  per  cent,  of  rating  the  best 
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efficiency  was  secured  ami  what  overload  I  could  carry,  living?   Ford's  floor  sweepers  get  $1500  a  year.   It  is  not 

Below  is  given  a  simplified  report  for  a  boiler  test,  difficult  to  earn  that  much.    The  trouble,  for  most  of  us, 

one  containing  all  facts  essential  to  the  engineers,  also  a  comes  in  getting  it.    As  Mr.  Post  used  to  tell  us,  '"There  is 

condensed  commercial   report  containing  facts  essential  a  reason";  and  though  it  would  seem  fitting  that  the 

to  the  business  man :  scliools  might  teach  us  that  reason,  it  is  hardly  probable 

SIMPLIFIED  REPORT  OP  BOILER  TESTS  that  they  will  until  the  fact  becomes  historic. 

(10,000    B.t.u.    taken    as    a    pound    of    "Standard    Fuel";    970.4  This   line   of   arp-linient   ha«   an    ppnnnniip   tronrl    tliat    If 

B.t.u.   taken    as   a   pound    ot   "Standard    Evaporation.")  digumcnt;    nas   an   ecOnOmiC   Uena   tUat    It 

Generah^^^  ^^   determine.  ""''•^  ^^  °"^  "^  P'*"^'*^  *°  pursuB  here.     It  shouUl,  liowever. 

2.  Test  conducted  by'. '.['.['.[['.'.'.['.[[['.[ '.'.'.]]]'.'.'.['.]'.'.] '.I]  be  kept  in  mind  whenever  this  question  is  discussed.     It 

3.  Date    of    test •      •,       -,  -.   ,  ,  ^ 

4.  Duration  of  test 's  mtroducecl  here  because  so  many  writers  seem  to  pro- 

'^"''5.  Kind  of  coal ^'^^^  ou  the  assumption  not  merely  that  we  need  a  train- 

?:  i^ze' of°co^"!^ :;:;;:;  •.:•.::;:::::::;::;::::::::::::::; :  "^^  *»  enable  us  to  earn  a  living,  but  that  this  sort  of 

Boiilr-^''"'^  °^  fireman training   is   the   whole   work   of   education.      It   is   only 

9.  Kind  of  boiler ....   natural  that  the  capitalist  should  make  this  mistake ;  it  is 

10.  W  ater    heating   surface ,      ,  .         ,  „  ,  ^  .      .  .  ' 

11.  Superheating:  surface to  nis  seliisn  economic  interest.    The  engineer  has  no  such 

"  1"!^  Kind  of  furnace excuse.     He  should  approach  the  matter  in  a  broad  way. 

11:  Lenlth  ?rom''r"e\?  end  of  sraies  to  heating ' surface !  l ! !  Pj'of-  ^^ank  T.  Carlton  says :   "The  United  States  stands 

^"^^l'-  Kind  of  grate  at  the  parting  of  the  educational  ways.     Is  education  to 

16.  Area  of  grate be  primarily  for  the  purpose  of  training  workers  or  vouiijr 

17.  Per  cent,   of  air  space  in  grate  surface ,       '  .,      ^i^.n  t  .  c 

Average  Observations:  men  and  women  .■'     Hill  the  demands  of  'big  business'  or 

IS.   steam  pressure  by  gage .i,„    i  ,     »  i     -i-  1  ■  i  •    ,    7^.    ■  , 

19.  Temperature  of  feed  water  entering  boiler t'lG  ciemancls  tor  good  Citizenship  and  racial  efficiency  dom- 

2?:  Fo?4e''of*d.-lft'^bft\reen*'dJmfe?°and'"  boiler :  '.'.'.\ '.'.'. '.'.'.'.'.  ^"^te  ?  Here  is  the  greatest  danger  in  present  education." 

U:  QuaHty  ^of'sfe'am .  .^."'"'''''^ ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  1 !  ] ! ! ! !  [  i ! ! ! ! !         ^^i"-  ^'s^i'  in  a  recent  number  of  Power,  cites  some 

"^"'•M   Weight' o'f'  coal  as  fired  cfforts  now  being  made  in  certain  trade  schools  to  train 

25.  B.t.u.  per  pound boys  to  bc  Operating  encineers.     It  is  one  of  the  ffreat 

26.  Weight  of  water  fed  to  boiler ,,      ,,         „  ,,  ,       .  ,        ,      ,,      ,    ,,  „   ,,    .  , 

27.  Weight  of  water  actually  evaporated laults  ot  these  trade  schools  that  they  fall  into  the  grave 

Hourly   Quantities,   Actual:  ,^,,*  .,*-„!-„     i  x-  i       t      n  •  ',,  •, 

28.  Coal  fired  per  hour mistake  above  mentioned.    In  this  matter,  it  seems  to  me, 

30:  wat'er  ac^iiaTi v'^evaprrate^d" er  hf u?'" ! ! !  i !  1  i ! !  i ! ! ! ! !  ]  i  ^hey  have  over-reached  themselves.    I  am  a  firm  believer 

""si'^'-standaV'tr  ■fueTpeV''hou°r''.  .^"'."''^!"^.'  '"  education  for  the  engineer,  not  that  it  may  bring  him 

H-  !!§'^"5'""'l"  f"^' P*""  ^°"'"  f"^'\.*i"-°' ^'■^**--- ■••■•••■•  '"0''e  money,   for   it   is   likely   that   the   same   efi'ort   in 

33.  standard     evaporation   per  hour ,         ,.  •         ,  i    ,     • 

34.  "Standard"    evaporation    per   hour   per   sq.ft.    of   heating  other  lilies  WOUld   bring  lliore  Substantial  tCSults,  but   bc- 

Capacity : ""^      ^  • cau.se  it  tends  to  safety,  efficiency,  and  that  pleasure  in 

35.  Rated  evaporation  per  br.  per  sq.ft.  of  heating  surface.  ,,./^^u    ,,.:4-K^„j.    „,i,:-. u    1:4?^    ,*      i        ii  ±1         1  -i  ai 

36.  Actual  evaporation  per  hr.  per  sq.ft.  ot  heatini  surface.  ^^O^k    WltilOUt    Whlch    lite    IS    hardly    WOrth    while.       AlsO, 

3s:  A?tua\  ''horsepower ! '. ! ! ! ! ! ! ! ! '. ! ! ! ! ! ! ! ! ! ! ! ! .' ! ! .' ! ! ! ! ! ! !  I .'  intelligence  is  always  a  precursor  of  liberty,  and  I  believe 

Etfieiency:  .. .  ,  ,  v     .      ,..*,,,<-■       .  '^  liberty.    I  find  several  objections  to  the  plan  advanced 

39.   Efficiency,  ratio  of  total  heat  output  to  total  heat  input.  1       At       i?'  1 

CONDENSED     COMMERCIAL     REPORT     OF     BOILER     TEST  ^^^    r.  J<lsh. 

1.  Test  to  determine In  the  first  place,  the  school  cannot  even  ho]ie  to  get 

3.  Kind^of^e^'qu'ipm'ent'oioiVerifurnaie.'anci  grate).:::;:;:::;:  »'!  equipment  that  would  serve  for  much  more  than  a 

5;  Kind  of  1i°rema'n'(n'amL"Lrs.^iii) ;:::::::::;::::::::::::::  toy.   in  the  second,  the  instructors,  with  possibly  rare 

6.  Actual  horsepower  in  per  cent,  of  rated exceptions,  are  unfit  for  the  work.     Mr.  Fish  feels  it  is 

7.  Efficiency     ^ 

Egbert  E.  Morrison.  impossible  '"lor  men  to  'fake  teaching,  as  it  is  possible  in 

Chicao-o,  111.  the  colleges."     The  writer  has.  in  recent  years,  been  in 

rather  close  contact  with  both  industrial  training  schools 

and  university  work.     In  the  latter  there  are  some  men 

HKlkdlnastrasil   Edl^caitnonii==A  Warmi"  ^.'i'"  ^^^e  -'putting  up  a  bluff";  but  for  pure  and  arrant 

•~-,f    _™^    „    lis-^A  faking,  commend  me  to  the  very  sort  of  trade  school  Mr. 

«3>  ]<itili  represents.     It  the  trade  schools  are  going  to  teach 

.\  large  jjart  of  present  education  has  little  reference  to  engineering,  they  will  have  to  reorganize.     Nor  will  that 

^1'  as  it  is  today,  either  in  substance  or  methods.    Yet  be  easy.     In  every  large  town  may  be  found  one  or  more 

iication  should  be  preparation  for  life.  Professor  Dewey,  men  well  equipped  as  engineers  who  would  make  excel- 

I''  of  the  foremost  apostles  of  tlie  new  education,  says:  lent  instructors  for  men  employed  in  the  power  plant.  . 

It  is  its  business  to  select  whatever  is  relevant  to  the  To  take  mere  boys  and  make  a  success  of  such  work  de- 

">t  effective  carrying  on  of  life's  functions,  and  to  ar-  mands  other  qualities  which  not  one  in  a  hundred  of  these 

ige  what  is  selected;  not  on  tlie  !)asis  of  some  outside  men  jiossesses.     A  third  stumbling  block  is  to  be  found 

Mem,  but  with  reference  to  facilitating  the  complete  in  the  students  them.selves.     T  say  this  from  observation 

iitical  performance  of  all  the  activities  possililc  to  an  not  only  in  the  classroom  and  the  shop,  but  also  in  the 

Lunic  being."     Lot  us  nail  that  down.     "All  the  activ-  Jockcr   room. 

-  possible  to  an  organic  being."  It  is  bad  practice  to  try  to  teach  a  ))er.son  an  idea  until 

Herbert  Spencer  cataloged  these  activities  as  live:  Self-  that  person  has  a  desire  to  know  it— until  ho  realizes 

~crvation ;  earning  a   livelihood:  society;  civic  duty;  the  value  or  necessity  of  such  knowledge.     The  man  who 

ii'nthood.     The   first  we  may   leave  to   "chambers  of  has  put  in  a  few  months  in  the  ])ower  ])lant  is  getting 

iiimerce"  and  their  hypocritical  projiaganda  of  "safety-  into  this  frame  of  mind.     Then  is  the  time  to  implant 

-1."    The  last  is  the  most  important  of  all.    The  fourtli  such  education   as  is  especially  required   by  tiie  |iower- 

'  ds  more  emphasis  than  it  has  had.     The  second  has  j/lant  engineer.    The  incentive  is  far  greater  than  that  of 

'■ived  too  imicli.     Why  need  we  worry  about  earning  a  tlie  boy  and  the  results  are  out  of  proportion. 
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There  is  no  reason  why  schoolhouses  should  be  closed 
at  4  p.m.,  nor  why  they  should  be  closed  to  the  person 
over  twenty;  we  all  ought  to  go  to  school  until  we  are 
fifty.  Here  is  my  plan  for  the  special  education  of  the 
power-plant  engineer:  Use  the  public-school  buildings, 
laboratories,  etc.,  in  any  town  where  there  is  sufficient 
demand.  Hold  evening  sessions.  Admit  any  actual 
worker,  ilake  the  age  limit  100  years.  Put  on  the  facul- 
ty some  engineers  who  are  successful  and  capable.  One 
advantage  of  this  plan  is  that  we  should  not  be  required 
to  wait  a  generation  for  results;  we  can  begin  now,  and 
results  will  follow  quickly.  A  united  demand  in  any  lo- 
cality ought  to  secure  its  adoption. 

William  E.  Dixox. 

Cambridge,  ilass. 

% 

lEacommpe^einit   Repaid  Mesa 

The  other  side  of  the  story  by  G.  H.  Wallace,  p.  499, 
Oct.  6,  under  the  above  title,  is  the  incompetent  engineers. 
I  am  reminded  of  some. 

In  a  plant  of  about  5000  hp.  a  repair  man  rebored  the 
valve  chambers  and  refitted  the  valves  of  a  1200-hp.  Cor- 
liss engine.  The  high-pressure  admission  valves  did  not 
close  promptly  when  running  on  short  cutoff.  After  the 
repair  man  had  gone  for  the  night  the  chief  engineer  re- 
moved the  valves  and  draw-filed  them  with  a  coarse  file. 
The  valves,  of  course,  worked  easier  and  this  operation 
was  cheaper  than  to  overhaul  the  vacuum  dashpots,  but 
the  fit  was  spoiled  and  the  valves  leaked.  Then  the  re- 
pair shop  was  blamed  for  putting  a  poor  workman  on  the 
job.  This  engineer  deserved  credit  for  having  worked 
his  way  up  in  the  plant  from  coal  passer,  but  he  had  never 
worked  in  a  machine  shop. 

Another  time  I  fitted  piston  rings  to  a  Corliss  engine 
of  about  30-in.  bore.  The  engineer  demanded  that  they 
bear  on  the  bottom  of  the  grooves  so  that  the  weight 
of  the  piston  was  carried  l)y  the  rings — on  the  theory  that 
the  piston  should  not  bear  on  the  bull  ring  because  the 
greater  bearing  surface  caused  too  much  friction.  I  told 
him  that  it  was  not  customary  and  suggested  that  if  the 
friction  was  excessive  with  cast  iron,  to  insert  Allan  red 
metal  into  the  undercut  grooves  in  the  bull  ring.  He 
could  not  see  the  advantage  of  doing  it  that  way,  so  I  went 
ahead  and  gave  him  what  he  wanted. 

An  engineer  should  have  sufficient  knowledge  of  ma- 
chine work  to  know  when  a  repair  job  is  done  right,  and 
before  the  man  leaves  the  job.  If  the  first  man  sent  does 
not  understand  his  business,  telephone  to  the  shop  for  one 
who  does. 

Albert  T.  Rowe. 

East  Glastonburv.  Conn. 


Referring  to  p.  499,  Oct.  6,  when  the  repairman  broke 
the  crosshead  shoe  and  put  in  a  large  washer  to  hide  the 
defect,  the  engineer  was  incompetent,  to  mj'  mind.  It 
was  his  dutj'  to  make  the  adjustment,  but  it  took  him 
three  weeks  to  discover  that  the  shoe  was  broken. 

In  the  second  case  the  repair  man  was  blamed  for 
putting  the  slide  valves  in  wrong.  We  can  hardly  expect 
the  average  machinist  to  set  all  kinds  of  valves.  The 
engineer  must  expect  to  give  them  his  personal  atten- 
tion. 

In  the  third  case,  the  eccentric  was  not  set  right.  The 
engineer  should  have  set  it  himself.     Let  us  hope  that 


such  things  do  not  happen  where  licensed  engineers  are 
employed. 

WiLLIA.M    W.    ElDERKIX. 

Calgary.  Alta.,  Canada. 

'0. 

Oil  page  4-2;.  Sept.  VJ-^.  C.  U.  ilcOahcy  did  not  state 
the  percentage  of  load  carried  at  the  time  of  taking  the 
diagrams  nor  whether  the  boiler  pressures  and  indicator 
springs  were  the  same  in  each  case.  If  he  would  run  a 
.•^team-consumption  test  (not  worked  out  from  diagrams), 
he  would  probably  find  that  No.  1  was  considerably  more 
efficient  than  Xo.  2.  A  little  more  lead  would  improve 
Xo.  1,  but  how  would  it  affect  the  steam  consumption 
which,  after  all,  is  the  important  factor?  Perhajis 
with  more  load  and  the  governor  in  a  lower  position, 
there  would  be  enough  lead,  providing  the  valves  are  of 
the  non-release  type.  The  compression  certainly  speaks 
well  for  steam  tightness. 

E.  R.  Peaece. 

Rochdale,  England. 

m 

I  wish  to  add  this  query  to  my  article  on  the  aliove  sub- 
ject, on  page  892,  June  23 :  ^\^ly  not  use  an  idler,  if 
necessary,  of  smaller  radius  than  that  of  the  smaller  pul- 
ley, to  merely  hold  the  belt  in  position  and  maintain  a 
negative  curve  permanently?  I  .see  no  good  reason  why 
it  cannot  be  done. 


Idler  with   Slight  Tex.siox  Oxly 

For  example,  in  a  drive  where  one  pulley  is  consid- 
erably larger  than  the  other,  with  the  belt  rtmning  very 
slack,  the  function  of  the  idler  pulley  A  is  not  as  a 
tightener  but  merely  to  gitide  the  belt  in  a  circular  path 
of  a  radius  less  than  the  radius  of  pulley  B.  It  has  been 
demonstrated  experimentalh'  at  the  Technical  Institute 
of  Charlottenburg,  Germany,  that  idler  pulleys  do  not 
add  an  appreciable  drag  on  Ijelts  if  they  are  properly  de- 
signed and  of  a  radius  somewhat  larger  than  that  of  the 
smaller  transmission  pulley.  In  these  experiments,  how- 
ever, the  idlers  were  doubtless  loaded  rather  heavily,  in 
accordance  with  the  usual  belief  that  tension  is  necessary 
on  the  non-pulling  side. 

It  has  been  my  experience  that  great  initial  tension 
is  not  necessary  and  is  not  as  important  as  surface  con- 
tact; hence,  such  an  idler  as  proposed  would  be  used 
simply  to  keep  the  negative  curve  in  the  belt,  prevent 
it  leaving  the  pulleys  by  centrifugal  force,  and  losing  con- 
tact entirely. 

W.  B.  SCHAPIIOKST. 

Xew  York  Citv. 
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Makinjs:  Kqualizer  Connection — In  a  compound-wound  com- 
mutating  pole  machine  where  is  the  equalizer  connection 
made? 

P.    D. 

The  equalizer  connection  would  be  taken  off  between  the 
inti  :  pole  and  series  windings. 


Amount  of  BlovToft'  of  Pop  Safety  Valve — Why  does  a  steam 
pop  safety  valve  which  is  set  to  pop  at  100  lb.  pressui'e  con- 
tinue to  blow  off  until  the  boiler  pressure  has  become  re- 
duced to   SO   lb.? 

W.    A.    M. 

Most  pop  safety  valves  are  provided  with  a  blowoft  adjust- 
ing ring  which  can  be  adjusted  for  securing  greater  or  less 
assistance  from  reaction  of  the  escaping  steam  in  holding  the 
valve  open.  The  amount  of  blowoff  of  the  valve  in  question 
is  undoubtedly  due  to  the  adjustment  of  the  blowoff  adjusting 
ring. 


ing  of  Safety   Valve — What  causes  a  direct  spring 
loaded  safety  valve   to  chatter? 

W.  N.  R. 
With  properly  constructed  safety  valves,  a  hammering  or 
chattering  is  usually  due  to  too  great  length  of  pipe  connec- 
tion to  the  valve.  When  the  boiler  pressure  is  at  blo'woff 
pressure  and  raises  the  valve,  the  pressure  of  steain  delivered 
is  reduced  by  the  throttling  effect  of  the  pipe  connection,  caus- 
ing the  valve  to  rise  and  fall  from  alternation  of  built  up  and 
reduced   pressure   in   the    pipe    connection. 

Splitting:  of  Condenser  Tubes — What  causes  brass  con- 
denser tubes   to  split? 

G.    A.   W. 

In  their  manufacture  the  material  of  the  tube  is  drawn  out 
into  a  number  of  parallel  elements  slightly  varying  in  thiclt- 
ness  and  texture  according  to  the  processes  of  manufacture. 
These  cylindrical  elements  become  separated  from  bending  of 
the  tube,  as  when  the  tube  length  expands  more  than  the  con- 
denser shell  or  from  difference  of  expansion  of  adjacent  ele- 
ments due  to  their  difference  of  texture,  difference  of  corro- 
sion,  or  difference  of   temperature. 


Replaolngr  Valve  Rod  and  Eeeentrle  Rod  Brasses — How  can 

worn  brasses  be  replaced  by  new  ones  on  the  valve  rods  and 
eccentric  rod  of  a  Corliss  engine  without  changing  the  A-alvc 
setting? 

J.  B. 
Before  removing  the  old  brasses  of  a  valve  rod.  tram  the 
distance  from  center  to  center  of  the  pins  and  carefully  lay 
oft  the  distance  on  a  wooden  rod  for  reference.  After  the 
new  brasses  are  fitted  in  their  places,  adjust  the  length  of 
each  valve  rod  to  obtain  the  distance  formerly  trammed  be- 
tween centers  of  the  pins.  To  preserve  the  same  length  of 
eccentric  rod,  set  one  point  of  a  tram  in  the  center  of  the 
eccentric  rod'pin  and  with  any  convenient  distance  between 
the  tram  points,  scribe  a  mark  on  the  eccentric  strap  cast- 
ing and  transfer  the  distance  to  a  rod  for  future  reference 
and  after  the  old  brasses  have  been  replaced  by  new  ones, 
adjust  the  length  of  the  eccentric  rod  to  the  formerly  trammed 
distixnce  from  the  mark  on  the  eccentric  straji  casting  to  the 
center  of  the  pin. 


nnrntluK  Pressure  of  Holler — If  a  boiler  5fi  in.  in  diameter 
I»  made  of  %-in.  steel  having  an  ultimate  tensile  strength  of 
6S,000  lb.  per  sq.in.  of  cross-section,  and  the  weakest  part  of 
the  boiler  i.s  the  longitudinal  seam  with  an  efllclency  of  81 
per  cent,  of  the  solid  plate,  what  would  be  the  l.uisting  pres- 
■urt? 

M.    1".    f. 

The  resistance  offered  by  1  In.  of  length  of  the  horizontal 
■earn  would  be 

81%  of  f%  X  1  /  58,000  lb.)  -  17,617,5  lb. 
Ah  the  stress  on  each  Inch  of  length  of  the  joint  would  bv 
equal  to  the  pressure  per  sq.ln.  multiplied  by  the  radius  of  the 
boiler,  then  the  limit  of  resistance  would  be  reached  when  the 
pressure  per  square  inch  multiplied  by  the  radius  equals 
17,f,17.5  lb.,  i.e..  when  pressure  X  28  =  17.617,5  lb.;  therefore, 
the  bursting  pressure  would  be 

17.617.5    -^    28    --    629.2  lb.  per  sq.ln. 


Heat  Required  to  Convert  lee  Into  Steam — What  quantity 
of  heat  would  be  required  to  convert  a  block  of  ice,  at  a  tem- 
perature of  IS  deg.  F.,  and  weighing  10  lb.,  into  steam  at  an 
absolute  pressure   of   30   lb.   per  sq.in.? 

P.    N. 

The  specific  heat  of  ice  is  0.504,  and  to  raise  a  pound  of  ice 
from  IS  deg.  F.  to  32  deg.  would  require  (32  —  18)  X  0.504  = 
7.056  B.t.u.  Upon  reaching  32  deg.  F.  each  pound  of  ice  would 
require  the  addition  of  144  B.t.u.,  called  the  latent  heat  of 
fusion,  for  conversion  of  the  ice  into  water  at  32  deg.  F.  For 
raising  a  pound  of  water  f^om  32  deg.  F.  to  the  temperature 
of  vaporization  at  30  lb.  per  square  inch  absolute  pressure 
would  require  the  further  addition  of  218. S  B.t.u.,  and  for 
converting  the  water  into  steam  the  additional  heat  required, 
called  the  latent  heat  of  vaporization,  would  be  945.1  B.t.u. 
for  each  pound  of  water.  Therefore,  (or  converting  10  lb.  of 
ice  at  IS  deg.  F.  into  steam  at  30  lb.  pressure  per  square  inch 
absolute   would   require 

(7.056    -f    144    -I-   218. S    -f-    945.1)    X    10    =    13,149.56  B.t.u. 


Percentage  of  Waste  from  Leaky  Blo-n-olf. — In  a  boilei- 
plant  which  is  operated  at  100  lb.  gage  pressure,  what  would 
be  the  percentage  of  fuel  wasted  where  the  leakage  of  the 
blowoff  valve  amounts  to  5  per  cent,  of  the  feed  water? 

R,    J. 

The  percentage  would  depend  upon  the  temperature  of  the 
feed  water  as  well  as  on  the  boiler  pressure.  With  steam  at 
100  lb,  boiler  pressure  each  pound  of  water  in  the  boiler 
would  contain  about  309  B.t.u.  above  32  deg.  F.,  and  each 
pound  of  steam  would  contain  about  1188. S  B.t.u,  above  32. 
Assuming  the  temperature  of  the  teed  water  to  be  150  deg. 
F..   each  pound  of  water  wasted  "would  have  received 

309  —  (150  —  32)   =   191  B.t.u., 
and  each  pound  of  steam  would  require 

1188. S  —   (150  —  32)    =    1070. S. 
As  the  expenditure  of  heat  realized  would  be   95   per  cent,   of 
1070.8    =    1017.26    B.t.u.    per   pound   of   water   fed    to   the    boiler, 
and   the   waste   of  heat   per   pound   of   feed   water   would   be   5 
per   cent,   of  191  B.t.u.    —    9.55   B.t.u..  then 
9.55    X    100  93 


or   practicall; 


1017.26    -t-    9.55  100 

1    per  cent,   of  the  fuel   would   be 


Steam    DischarBed    by   Safety    Valve — What    is   the    formula 
r  determining  the  amount  of  steam   escaping  from   a   safety 


valve? 


T.   T.   G. 


Napier's  rule  for  the  discharge  of  steam  through  an  un- 
restricted aperture  from  one  pressure  into  another  of  three- 
fifths  or  less  absolute  pressure  is 

AP 

~      70 
in  which 

w  =  Weight  of  steam  discharged,  pounds  per  sec; 
A  =  Effective  discharge  area,  square  inches; 
P  =  -Absolute   pressure   of   steam   on   the   entrance   side   of 
the  aperture. 
The   rule,   therefore,   holds  true  for  the  discharge  of  steam   to 
the  atmosphere,  when  the  escaping  steam   is  of  greater  pres- 
sure than  Vs  of  14.7.  I.e.,  over  24.5  lb.  absolute,  or  more  than 
14.7    =    9.8  lb.   per  sq.in.   gage  pressure, 
le    formuhi.    the    discharge    in    pounds    per   hour 


24.5 


Accord  I 
would   I 


A  V 
70 


X    60    X    60    =    51.4    P   A. 


Allowing    for    the    resistance    of    the    orifice    the    formula    for 
weight  discharged   per  hour  would  be 

W    =    51.4   K  P  A. 
Th('  value  of  K  for  the  standard  safety  valve  orifice  has  been 
<letermlned  to  be  about  0.925,   so  that  when   the  gage  pressure 
is   above    10    lb,    per   sq.ln.    the    formula    for    the    discharge   of 
Hteiim    from   a  safety  valve  becomes 

\V    -    51. 4    X   0.925    X   A    X    P  =   47.5  A   I'  lb.  per  hr. 


(Correspondents  sending  us  Inquiries  should  sign  their 
cominunications  with  full  names  and  post  olllcc  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  coinniuni- 
oatlons   and    for   inquiries   to   receive    attention. — KDlTOIt.) 
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Exposure  to   winds    1.1-- 

LeakaKe  with  eood   construction    l.OU 

Leakage  witli  fair  construction    I.IU 

LeakaKe  with   iioor  construction    1.21) 

For    warming    tip     I.IO' 

COMPI'TATIOX.S    FOK     HeaT    LoSS 

Figs.  1,  2  and  3  are  diagrams  representing  sections 
through  the  machine  shoj),  foundry  and  forge  shop,  re- 
spectively, and  give  approximate  dimensions.  In  making 
the  computations  it  is  assumed  that  all  dimensions  are 
taken  from  the  architects'  drawings,  as  would  be  the  case 
in  practice,  and  the  work  is  given  for  the  purpose  of  il- 
lustrating the  methods  employed.  The  factors  for  trans- 
iiiission  and  leakage  are  taken  from  the  data  given  pre- 
viously, it  being  assumed  tliat  the  construction  is  of  the- 
best  .<o  that  only  "exposure  to  winds"  and  "warming  up" 
need  be  jjrovided  for  when  computing  the  leakage. 

Machine  Shop — Constructed  of  reinforced  concrete, 
]  2  in.  thick  for  the  first  story  and  8  in.  for  the  second ; 
monitor  walls  of  unlined  metal ;  roof,  tar  and  gravel ; 
floor,  cement;  and  all  windows  single.  The  building  to 
be  maintained  at  60  deg.  in  zero  weather.  The  heat  loss 
may  be  computed  as  follows : 

Wall,    12    in.    thick    10.000  sq.ft.  X  26  =  260,000 

Wall,    8    in.    thick S, 000  sq.ft.  X  35  =  280,000 

Wall,    monitor    5,000  sq.ft.  X  48  =  240,000 

Windows,   main   walls    9,000  sq.ft.  X  73  =  657,000 

Windows    (monitor)    2,500  sq.ft.  X  S4  =  210,000 

Roof   40,000  sq.ft.  X  18  =  720,000 

Floor 40,000  sq.ft.  X  10  =  400,000 

Total  B.t.u 2,767,000 

Correcting  for  exposure  to  winds  and  warming  up, 
gives 

2,:6r,000  X  1-13  X  I-IO  =  3,408,9U:  B.t.u.  per  hr. 
or  in  round  numbers,  3,409,000  B.t.u. 

If  sf)ecial  ventilation  is  provided  with  zero  conditions 
outside,  additional  heat  will  l)e  required  for  each  com- 
plete air  change  per  hour.  Tlic  cubic  contents  is  1,760,- 
000  cu.ft,  and  as  one  heat  unit  will  laise  the  temperature 
of  55  en. ft.  of  air  one  degree 

1,700,000  X  H  =  l,it:iO,000  Il.f.u. 
will  be  required  to  raise  the  temperature  of  this  volume  of 
air  through  60  deg.     Changing  this  air  twice  an  hour 
would  require  3,840,000  B.t.u. 

Foundry — AValls  of  reinforced  concrete  8  in.  thick; 
all  other  construction  the  same  as  before.  The  inside 
temperature  will  be  50  deg.  in  zero  weather. 

Wall,    8    in.    thick    7,000  sq.ft.  X  29  =  203,000 

Wall,    monitor    2,000  sq.ft.  X  40  =  80.000 

Windows,    main   walls    2,000  sq.ft.  X  60  =  120,000 

Windows    (monitor    1,000  sq.ft.  X  70  =  70,000 

Roof    15,000  sq.ft.  X  15  =  225,000 

Floor    15,000  sq.ft.  X     8=  120,000 

Total    B.t.u 818,000 

Correcting  for  exposure  and  warming  up  gives 
818^000    X    1.13    X    1-10   =   1,007,776 
or  practically  1,007,800  B.t.u.  per  hr. 

Ventilation  for  this  building  is  to  consist  of  four 
changes  of  air  per  hour  for  a  stratum  10  ft.  high  over  the 
entire  floor,  which  amounts  to 

100  X  150  X  10  X  4  =  600.000  cv.ft. 
of  air  per  hour  and  requires 

600,000  X  |4  =  545,454  B.t.ti. 
which  we  will  call  545,000  B.t.u. 


Heatixg,    Vextil  vTiox    AXi)    Boil, Eli    Power 

The  first  step  in  tlie  design  of  any  heating  system 
is  to  decide  upon  the  inside  temperature  it  is  desired 
to  maintain  in  the  coldest  weather.  For  the  ^Middle 
West  and  New  England  it  is  customary  to  assume  zero 
as  the  minimum  outside  temperature  which  is  likely  to 
continue  for  any  length  of  time,  and  a  heating  system 
designed  on  this  basis  will  usually  prove  satisfactory. 
For  temporary  periods  of  colder  weather,  the  amount  of 
fresh  air  may  be  reduced,  and  the  ventilating  equipment 
be  emj^loyed  solely  for  heating  purposes  by  circulating 
inside  air.  In  the  case  of  machine  and  forge  shops,  found- 
ries, etc.,  where  the  men  are  more  or  less  actively  engaged, 
a  drop  of  10  deg.  or  so  from  the  normal  inside  tem- 
perature will  not  cause  any  particular  discomfort. 

Unless  the  building  is  particularly  exposed  to  high 
winds,  or  is  in  a  locality  where  the  temperature  fre- 
quently falls  to  a  lower  point,  a  minimum  of  zero  may 
be  assumed  and  the  heating  equipment  based  on  the  fol- 
lowing inside  temperatures  under  this  condition :  Offices 
and  drafting  room,  70  deg.;  paint  shop,  80  deg.;  machine 
and  pattern  shops  and  carpenter's  shop,  60  deg. ;  foundry 
and  forge  .shop,  50  deg.;  storage  for  patterns  and  gen- 
eral supplies,  40  deg. 

Heat  Losses 

The  heat  loss  from  a  building  is  due  to  two  principal 
causes,  first,  transmission  through  walls  and  windows, 
and  second,  that  due  to  leakage.  Transmission  depends 
chiefly  upon  the  thickness  and  material  of  the  walls  and 
the  difference  between  the  inside  and  outside  tempera- 
tures; wliile  leakage  is  affected  more  by  the  tightness  of 
the  building  construction  and  the  strength  of  the  winds. 
It  is  also  well  to  add  something  to  the  capacity  of  the 
plant,  sav  10  per  cent.,  for  "warming  up"  when  the  heat 
is  shut  off  at  night. 

There  are  various  tables  of  heat  transmission  prepared 
to  cover  a  wide  range  of  conditions.  The  following  has 
Ijeen  abridged  from  one  of  these  and  applies  especially 
to  the  conditions  found  in  manufacturing  plants. 

TABLE  I— HEAT  LOSS  IX  B.T.U.  PER  SQ.FT.  PER  HR. 

DifC.  Between  Inside  and 
Outside  Temp.,  Deg.  P. 

Material   and  Thickness                             40  50  60  70 

s-in.  brick   wall    IS  22  27  31 

12-in.  brick  wall    13  16  20  23 

16-in.  brick  wall    10  13  16  19 

4-in.   reinforced   concrete    39  45  57  65 

S-in.   reinforced   concrete    23  29  35  40 

12-in.   reinforced   concrete    17  21  26  30 

Tar    and    gravel    roof    12  15  18  21 

Slate  on  matched  boards    12  15  18  21 

Unlined    metal    32  40  4S  56 

Cement    floor     6  S  10  12 

Sing-le    window     50  60  73  85 

Single   monitor   window    56  70  84  98 

Single    skylight    42  52  63  73 

The  heat  loss  by  leakage  can  only  be  estimated  approx- 
imately by  multiplying  the  heat  loss  by  factors  based  on 
experience,  and  for  average  conditions  the  following 
may  be  used: 
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Forge    Shop — Construction,  inside    temperature    and 
ventilation  the  same  as  for  the  foundry : 

Wall,    S    in.    thick    4,000  sq.ft.  X  29  =  116,000 

Wall,    monitor    SCO  sq.ft.  X  40  =  32,000 

Windows   (main   walls)    2,000  sq.ft.  X  60  =  120,000 

Windows     (monitor)     400  sq.ft.  X  70  =  28,000 

Roof   .500  sq.ft.  X  15  =  7,500 

Floor    500  sq.ft.  X    S=  4,000 


Total    B.t.u 307,500 

Correcting  for  exposure  and  warming  up  gives 
;;o:..-)00   X    1.12   X    I-IO   =   STS.SiO  B.i.u.  per  In: 

The  air  supply  for  ventilation  equals 

50  X   100  X  10  X  -1  =  300,000  cti.ft.  per  hr. 

requiring 

200,000  X  ii  =  181,818  B.t.u. 
or  say  181,800  B.t.u. 

Offices — -Walls  of   12-in.   concrete;   inside  temperature 
70  deg. ;  ventilation,  six  changes  per  hour. 

Wall     ISOO  sq.ft.  X30  =      54,000 

Windows 400  sq.ft.  X  85  =      34,000 

Total    B.t.u SS.OOO 

Correcting  for  exposure  and  warming  up    gi\es 
88,000  X  1-12  X  1-10  =  108,-ilQ  B.t.u.  per  hr. 
or   approximately    108,400    B.t.u.      Tlie    air    supply   for 
ventilation  is 

60  X   "0   X   16  X   6  =  403.200  cii.ff.  per  hr. 
and  requires 

403,200  X  if  =  513,l(i4  B.t.u. 
which  is  approximately  513,200  B.t.u. 


the  total  heat  units  required  for  both  heating  and  ven- 
tilating in  zero  weather  and  see  how  it  compares  with 
the  heat  available  in  the  exhaust  steam.  In  computing 
the  heat  requirements  two  changes  of  air  per  hour  in  the 
main  shop  in  zero  weather,  with  the  idea  of  increasing 
this  up  to  three  changes  as  the  outside  temperature  rises, 
will  be  assumed.  For  the  other  buildings  and  depart- 
ments the  heat  quantities  fir.st  computed  will  be  taken. 
These  are  as  follows : 

B.t.u.  per  Hr. 

Machine  shop  heating   3,409,000 

Machine    shop   ventilation    3,840,000 

Foundry    heating    1,007,800 


Foundry    ventilation 

Forge  shop  heating    

Forge    shop    ventilation    .  . 

Office  heatine"    

Office    ventilation    

Tool  room   heating    

Tool  room  ventilation  .  .  .  . 
Drafting  room  heating-  .  . 
Drafting  room  ventilation 
Pattern  shop  Iieatinj;  .  .  .  . 
Pattern  shop  ventilation.. 
Carpenter  shop   heating... 

Paint   shop    heating    

Storehouse   heating    


545,000 
378,840 
181,800 
108,400 
513,200 
108,240 
342.100 
112,300 
481,100 

96,300 
274.900 
132,800 

45,000 
330,000 


Total 11,9 


6,780 


j-.<fJvn^1>r=^ 


As  the  exhaust  is  to  be  used  for  heating,  and  the  build- 
ings are  somewhat  scattered,  it  will  be  best  to  employ  a 
vacuum  system  with  a  suction  attached  to  the  main  re- 
turn. This  will  prevent  any  additional  hack  pressure 
from  being  thrown  upon  the  engine  and  also  insure  a  free 
return  of  condensation  to  the  receiving  tank  without 
trouble  from  water-hammer. 


«-<^eS^^^I^^.r 


/  engft-t!  of  Building  -400 ' 
Fig.  1.  Maciuxe  Shop 

Taking  uj)  the  other  rooms  to  be  heated  and  ventilated. 
n  a  simihir  manner,  the  following  results  are  obtained: 

Tool  Room — Temperature,  TO  deg.,  air  supply,  four 
haiiges  per  iiour. 

For  heating,  108,240  B.t.u.  per  hr. ;  for  ventilation, 
6«,.SOO  cu.ft.  per  hr.,  requiring  342,100  B.t.u. 

Vrnfting  Room — Temperature,  70  deg.,  air  supply, 
IX  changes  ])er  hour.  For  heating,  112,300  B.t.u.  per 
If.;  for  ventilation,  378,000  cu.ft.  per  hr.,  requiring  481,- 
00  B.t.u. 

•  PaUern  Shop — Teiii])eratiiie,  00  deg.;  air  supply,  four 
hanges  per  hour.  For  heating,  !J(i,300  B.t.u.  per  hr. ; 
or  ventilation,  252,000  cu.l't.  per  hr.,  requiring  374,900 
l.t.ii. 

Ciiriienter  Shop — Temperature  00  deg.:  no  special  ven- 
ilation.     For  heating,   132,800  B.t.u.  per  hr. 

J'oiiit  Shop — Temperature,  80  deg.;  ventilated  from 
lacbine-shop  system.    For  heating,  45,000  B.t.u.  per  hr. 

Storarje  Space — Temjieraturc,  40  deg. ;  no  ventilation, 
or  hcTting,  330,000  B.t.u.  The  storage  sjiace  to  be 
Bated  incliules  the  pattern  storeroom  and  that  adjar'cnt 

the  carpenter  shop.  The  other  storehouse  is  for  stock 
id  is  not  heated. 

The  first  step  in  computing  the  boiler  power  is  to  find 


Leng-th  of  Building  ISO' 
Flo.  2.  Fot'XDJiY 


Length  of  Building  100' 
Fh).  3.  FoEGB  Shop 


With  this  arrangement  we  may  count  on  a  maxinuun 
steam  jiressure  of  zero  gage,  or  that  of  the  atmosphere, 
the  latent  heat  of  which  is  found  from  a  steam  tabic  to 
be  !)70  B.t.u.  With  this  assumption  the  total  steam  re- 
quirements for  heating  and  ventilation  in  zero  weather 
will  amount  to 

1 1,900,780  -^  970  =  12,275  Ih.  per  hr. 
The  steam  consumption,  or  water  rate,  of  an  engine  va- 
ries according  to  a  number  of  conditions,  depending  upon 
the  type,  size,  steam  pressure,  speed,  cutoff,  etc.,  and  if 
possible  should  be  ol)tained  from  the  makers  for  the  par- 
ticular machine  to  be  used.  If  the  make  has  not  been 
decided  u])on.  Table  2  may  be  u.sed,  which  gives  average 
values  for  engines  of  nicdiuni-size,  first-class  design: 

TAI'.LE    2— AVERAC.E    STEAM    CONSUMPTION    OP    SIMPLE 
AND  COMPOUND  ENOINES 

^— LV).  Steam   per  I.  Hp.-Hr.— -, 

Type  of  Engine                                  Noncondenslng  Condensing 

Simple   high   speed    .10  to  34  22   to  26 

Simple   medium  speed    28   to  32  21   to  25 

Simple    Corliss    26   to   30  20   to   24 

Compound    hl^h   speed    24   to   28  IS   to   22 

Compound    medium    speed    2.1   to  27  17   to   21 

Compound    Corliss     22   to  26  16   to  20 

In  the  case  of  the  engine  selected,  conipoiind  moderate 
speed,  a  water  rate  of  18  lb.  per  i.h]».-iir.  was  assumed. 
Tlic  corresponding  rate  noiicondeiising,  wlu'ch  would  be 
tlie  condition  luuler  whicii  it  would  operate  during  the 
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heatiug  sea.son,  is  foiind  from  Table  2  to  be  2-1-  lb.,  the 
next  to  the  lowest  figure  being  taken  in  each  case  on  ac- 
count of  the  large  size  of  the  engine. 

The  energj-  in  the  steam  available  in  the  exhaiist  from 
an  engine  will  vary  from  80  to  90  per  cent,  of  that  sup- 
plied from  the  boiler,  depending  iipon  the  cylinder  con- 
densation. Taking  an  average  of  85  per  cent,  in  the 
present  case,  the  energy,  or  we  may  say  the  pounds  of 
steam  available,  would  be 

ero  X  2i  X  0.85  =  1:5,668  Ih.  per  hi: 
wliich  is  slightly  more  than  the  maximum  requirements 
for  heating  and  ventilation.  This  means  that  the  boiler 
power  may  be  computed  solely  upon  the  steam  require- 
ments for  power  and  lighting  and  that  nothing  need 
be  added  for  heating. 

In  case  of  the  lighting  plant  there  is  a  total  of  158 
i.hp.  of  compound  high-speed  engines  running  at  one 
time.  During  the  heating  season,  which  is  practically  the 
only  time  they  will  be  used,  they  will  rim  condensing 
and  from  Table  2  a  water  rate  of  20  lb.  per  i.hp.-hr. 
may  be  assumed.  This  will  amount  to 
158  X  20  =  3160  lb. 
of  steam  per  hour.  Adding  this  to  that  required  by  the 
main  engine  makes 

16,080  +  3160  =  19,240  lb. 
Steam  auxiliaries,  such   as  feed  and   condenser  pumps, 
will  use  approximately  5  per  cent,  of  the  above,  making 
the  total  maximum  weight  of  steam  to   be  supplied   by 
the  boilers 

19,240   X    1-05  =   20,202  lb.  per  hr. 

Assuming  a  boiler  pressure  of  120  lb.  gage,  and  a 
feed-water  temperature  of  190  deg.,  the  factor  for  equiv- 
alent evaporation  from  and  at  213  deg.  is  found  from  a 
table  of  such  factors  to  be  1.066,  which  means  that 

20.202  X  1-066  =  21.535  lb. 
must  be  evaporated  from  and  at  212  deg.  per  hour  by 
the  boilers.     The  boiler-horsepower  is  now  easily  deter- 
mined, being 

21,535  -H  3-1.5  --  :  624 
a  normal  rating  of  600  hp.  would  be  sufficient. 

Number  and  Size  of  Boilers 

The  type  of  boiler  to  be  used  will  depend  somewhat 
upon  local  conditions  and  the  preference  of  the  own- 
ers. 

Experience  has  shown  that  when  boilers  of  any  of 
the  well  known  types  are  equally  well  designed  and  pro- 
portioned for  the  work  to  be  done,  are  operated  with  the 
same  skill  and  jjrovided  with  the  same  quality  of  fuel, 
there  will  be  very  little  difference  in  operating  econ- 
omy. 

The  water-tube  boiler  has  the  advantage  of  greater 
safety  and  requires  less  space,  and  for  these  reasons  is 
more  frequentlj^  employed  in  office  buildings  and  i]i- 
stitutions.  In  the  present  case,  either  water-tube  o'  fiie- 
tube  boilers  should  give  satisfaction,  but  for  pui-po;?es 
of  illustration,  we  will  use  the  horizontal  fire-tube 
boiler. 

Dividing  the  total  ]H)wer  into  five  units  calls  for  120 
hp.  each.  In  plants  of  large  size  a  spare  boiler  should 
always  be  provided  for  cutting  in  in  case  of  repairs  or 
cleaning,  bringing  the  number  in  the  present  case  up 
to  six.  Based  on  12  sq.ft.  of  heating  surface  per  horse- 
power, they  should  be  T2  in.  in  diameter  and  contain 
ninety-eight  3i/^-in.  tubes,  16  ft.  long. 


OVIEia  THE  SFHILILWAY 

JUST  JESTS,  JABS,  JOSHES  AXD  JUMBLES 


Uncle  Tom  Edison,  our  weU  known  and  respected  inventor,) 
has  recently  appeared  in  print  quite  some.  We  have  followed | 
his  utterances  "with  interest  until  now.  Now,  "Mr.  Edison  saysj 
we  are  too  rich."      Bet  this  is  his  very  latest   invention.  ' 


Instead  of  worrying  about  turkey  tor  Thanksgiving  it;; 
Inolvs  as  though  us  engineers  had  reason  for  thanksgiving'^ 
th;it    Turkey    is    no    nearer. 

m.  ', 

John  J.  Bjoblie  has  invented  a  headlight  to  be  coupled  with'' 
the  automobile's  steering  gear  so  that  it  may  be  automaticallj  i1 
shifted  with  the  movement  of  the  front  wheel.  "Vou'd  think  ■ 
that  Beej^y  would  have  first  directed  his  inventiveness  towardi, 
improving  the  articulate  mechanism  of  his  name.  'Spose  the| 
papers   spell   it   correctly? 

■0.  .] 

With  those  who  go  down  to  the  sea  in  ships,  "who  have  i 
fought  their  way  to  the  uttermost  ends  of  the  earth,  endur-i' 
ing  privation  and  meeting  death — with  these  heroes  and 
martyrs  to  the  glory  of  discovery  is  the  marine  engineer!  Ol  i 
the  nine  men  recently  rescued  in  the  Arctic,  two  were  en-  ! 
gineers  and  one  a  fireman.  And  they  and  their  like  would,! 
go    back    tomorrow.  I 

■m.  \ 

"Women    must    end    all    war!"    is    the    latest    dictum    of   tht  • 
suffragists.      When   you   go   home   from  the  plant   tonight,   yov 
and    the    inissis    might    "discuss"    this    topic — you    know    best 
It  needs  solution.     Ai-nica  is  a  good  solution,  but —    Say.  p'r' 
you  hadn't  better  start  anything. 


Following  the  Roentgen  rays  comt-s  Ulivi's  rays.  Tod- 
dling along  down  the  alphabet,  somebody  will  soon  be  dis 
covering  the  "H  raise."  Mebbe  this  somebody  is  one  of  th 
nine   gods   of  ^va^. 

m 

That  veteran  electrical  engineer,  C.  O.  Mailloux,  recentlj 
put  up  a  strong  defense  for  the  isolated  plant  at  the  receni 
meeting  of  the  A.  I.  E.  E.  He  believes,  as  we  do.  that  botl 
services  have  their  ])articular  place,  but  that  there  ai'e  manj 
places  "where   one   is    better   than   the    other. 

;^; 

Who  says  the  churches  are  losing  their  drawing  power 
Not  in  Brooklyn.  Two  crooks  drew  out  the  poor-box  money 
a  cop  drew  his  revolver  and  the  black  maria  drew  the  who! 
bunch  to  the  judge,  who  drew  up  a  scheme  to  tuck  'em  awa: 
for   two   years.      Some    drawing. 

m 

Doctor  Humphreys,  of  Stevens  Institute,  recently  wrote  ai 
excellent  prescription  for  sick  public-service  commissions 
"Compose  them  of  common-sense  men,  broadly  trained,  broad 
minded,  fair,  and  competent  as  investigators  (an  unusua 
qualification):  and  in  each  commission  there  should  be  me] 
fully  qualified  in  the  theory  and  practice  of  the  professiifc 
of  t  ni^ineering,   law,  business,  finance  and  accountancy."       E 

f 

The  London  "Lancet"  says  that  smoking  in  moderatfel 
"does  inuch  to  allay  the  restlessness  and  muscular  irritaO 
ity  engendered  by  mental  and  physical  fatigue."  It  quo! 
Huxley,  who  was  some  pumpkins  along  the  thinking  line,la 
in  favor  of  it.  If  you  can't  smoke  you  might  show  this  to  w 
boss — but  first  find  out  if  he  knows  whether  Huxley  is  th 
said  pumpkin,   or  just  a   new   variety   of  chewing   gum. 


^ 


Twenty-six  states  now  have  compensation  acts,  and  "tj 
have  done   more   than  any  other  thing  to  bring  about  earfl 
efforts     for    the     prevention     of     industrial    accidents."      L 
duced  to  dollars  and  cents,  anything  that  mutually  affects  lb 
employer's   cash   drawer   and    the    employee's   envelope   usuaiU 
gets  a  fair  tryout. 

'^. 

In  Wisconsin,  for  instance,  for  the  past  2S  months  nearlj 
?600,000  has  been  paid  to  workingmen  or  their  dependents  i| 
6894  cases.  Only  154  cases  had  to  be  decided  by  the  Industrie 
Commission.  All  the  others  were  settled  amicably.  Hoora| 
foi"   the    better    understanding! 
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Shortly  after  nine  o'clock.  Oct.  27,  a  250-hp.  double-furnace 
dry-back,  .Scotch  marine  type  boiler  exploded  at  the  Conti- 
nental Hotel,  Forty-first  St.  and  Broadway,  New  York  City, 
causing  the  death  of  two  men  and  the  serious  injury  of  two 
others.  The  boiler  was  one  of  a  pair  used  In  connection  with 
the    hotel    heating    and    electric    plant. 

The  conditions  previous  to  the  accident  were  as  follows: 
The  tubes,  of  which  there  were  lOS,  had  caused  considerable 
trouble  and  it  was  decided  to  retube  both  boilers.  The  work  on 
the  one  which  failed  had  been  completed:  it  had  been  given 
a  h>'drostatic  test  of  ISS  lb.  and  "was  passed  by  the  inspectors 
for  the  police  department  and  the  Hartford  Steam  Boiler  In- 
spection &  Insurance  Co.  A  steam  pressure  of  125  lb.  was 
allowed.  The  boiler  was  put  in  service  on  Oct.  IS,  just  ten 
day.s  previous  to  the  accident. 

The    immediate   cause  of  the  explosion  was  a   bulging  out- 
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ward  of  the  rear  tube  sheet,  which  pulled  entirely  -away 
•from  the  tubes  in  the  central  area  where  the  bulging  was 
naturally  greatest.  All  the  tubes  showed  signs  of  some  move- 
ment. The  new  tubes  had  not  been  beaded  over  and,  there- 
fore, supported  the  tube  sheet  only  by  the  friction  of  the 
metal.  The  staying  effect  was  further  reduced  on  account  of 
the  tubes  being  considerably  under  size  and  shims  had  to 
be  used  around  them  to  fit  the  holes  In  the  tube  sheet.  There 
was  no  stay  rod  (or  socalled  stay  tube)  In  the  tube  area. 
The   boiler  was   not  equipped    with   a    fusible   plug. 

A  representative  of  "Power"  visited  the  plant  and  was 
present  when  Lieutenant  Van  Keuren.  In  charge  of  the 
boiler  squad,  with  his  Inspectors  and  one  from  the  Hartford 
company,  made  their  inspection  and  had  their  attentlpn  called 
to  the  discovery  previously  made  by  one  of  the  police  in- 
iipectors  of  a  gag  on  the  safety  valve.  This  was  a  board  12  to 
H  in.  long  wedged  endwise  between  the  lever  of  the  safety 
valve  and  the  brick  arch  which  forms  the  celling  of  the 
boiler  room  and  base  for  the  sidewalk.  With  this  prop  in 
position   it  would   be  Impossible   for  the  valve   to  operate  and 


relieve  the  boiler  in  case  of  over-pressure,  as  it  had  been 
cut  and  used  for  the  purpose  of  holding  the  valve  closed 
against  the  hydrostatic  pressure  during  the  test  referred  to, 
and  there  was  no  locked  pop  valve  attached  to  the  boiler. 

The  chief  engineer  disclaimed  any  knowledge  of  wiien  the 
prop  might  have  been  put  there,  but  stated  under  oath  that  he 
himself  had  removed  it  and  laid  it  on  the  top  of  tlie  boiler 
after  the  inspection  test  was  over.  He  further  said  that  on 
Thursday  the  pressure  had  caused  the  safety  valve  to  oper- 
ate, substantiating  his  statement  that  the  gag  had  been  re- 
moved after  the  test  and  must  have  been  replaced  subsequent- 
ly by  some  one  unknown  to  him. 

It  is  surprising  that  such  conditions  could  exist  under 
the  close  supervision  of  the  inspectors  of  the  insurance  com- 
pany carrying  the  risk.  Later,  the  chief  engineer  and  the 
night  engineer  (who  is  in  a  hospital  in  a  serious  condition) 
were  put  under  arrest  charged  with  homicide,  and  a  warrant 
is  out  for  a  third  man. 
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On  Sept.  24  Secretary  of  State  Bryan  announced  that  no 
foreign  country  had  withdrawn  from  its  participation  in  the 
Panama-Pacific   International   Exposition. 

Since  then  many  large  consignments  of  costly  exhibits 
from  European  and  other  countries  have  reached  San  Fran- 
cisco and  chartered  steamers  will  soon  leave  with  great  loads 
of  exhibits  for  that  city.  In  view  of  the  apprehension  for  the 
success  of  the  fair  since  the  outbreak  of  hostilities  in  Europe 
the  following  items  have  been  selected  fropi  a  statement  just 
issued  by  the  exposition  authorities,  because  they  relate  to 
the  participation  of  the  affected   countries: 

Many  European  nations,  associations  of  exhibitors,  and  in- 
dividual exhibitors  will  be  represented  at  the  exposition  and 
there  will  be  many  important  entries  from  Europe  in  the  va- 
rious events.  Several  of  the  European  nations  have  increased 
their  funds  for  participation  since  the  outbreak  of  the  war; 
others  have  made  appropriations  contemplated  but  not  rati- 
fied before  the  commencement  of  the  conflict. 

In  addition,  an  unprecedented  number  of  selective  exhibits 
will  be  shown  from  South  America,  the  United  States,  Canada 
and  the  Oriental  countries,  the  plans  for  exhibition  having 
been    greatly    amplified    during    the    past    six    weeks. 

During  the  week  ending  Oct.  11  the  first  shipment  of  ex- 
hibits reached  San  Francisco  from  Holland.  Shipments  of  ex- 
hibits during  the  week  were  received  from  Luxemburg..  Ire- 
land and  France.  A  large  consignment  of  exhibits  from  Lon- 
don was  installed  in  the  Palace  of  Mines.  Five  carloads  of 
social  economy  exhibits,  made  under  the  supervision  of  Dr. 
Philip  Rauer  of  Stuttgart,  have  reached  the  city.  More  than 
five  hundred  tons  of  exhibits  and  materials  for  the  Japanese 
displays  and  pavilions  are  leaving  Japan  in  two  shipments, 
one  of  which  is  scheduled  to  arrive  within  a  few  days. 

The  construction  of  the  exposition  is  far  advanced.  The 
main  exhibit  section  is  completed;  the  installation  of  the 
works  of  famous  sculptors,  embracing  more  than  eight  hun- 
dred dilferent  pieces  and  groups  of  statuary,  is  75  per  cent, 
completed:  the  landscaping  of  the  exposition  grounds  and 
courts  is  82  per  cent,  completed;  hundreds  of  thousands  of 
acacias,  rhododendrons,  tree  ferns,  orange  trees,  date  palms, 
rare  shrubs  and  ornamental  plants,  brought  from  the  far 
corners  of  the  world,  are  now  thriving  in  their  new  environ- 
ment. 

Work  has  progressed  well  upon  the  "Zone."  the  amusement 
section,  which  gives  evidence  of  its  high  educational  char- 
acter and  great  intrinsic  worth;  an  outlay  of  $10,000,000  will 
be  made  in  this  section  when  completed  and  more  than  seven 
thousand  persons  will  be  employed  there  during  the  exposi- 
tion. 

In  the  section  devoted  to  the  pavilions  of  the  nations 
and  the  buildings  of  the  American  states  many  of  the  edi- 
fices are  finished  and  others  are  rapidly  nearing  completion. 

The  German  Kali  Syndicate  Building,  constructed  in  part 
by  the  (German  government.  Is  more  than  half  finished  and 
will  be  rushed  to  completion.  The  exposition  headquarters  in 
Berlin,  established  by  Important  German  industries,  received 
applications  for  exhibit  space  from  leading  German  firms  two 
months  after  the  outbreak  of  the  war. 

The  government  of  the  Netherlands  has  Increased  Its  ap- 
propriation by  an  additional  »300.0n0. 

Since  war  was  declared  Italy  has  formally  ratified  the  ai>- 
propriatlon  of  $400,000  for  the  Italian  national  display. 

Commissioner  J.  IIcyerdahl-Hanscn,  of  Norway,  who  re- 
cently arrived  in  San  Francisco,  brought  offlcial  notice  of  Nor- 
way's determination  to  carry  through  Its  plan  for  participa- 
tion  regardless  of  the  state  of  war. 
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A  comprehensive  exhibit  of  roses  and  bulbs  is  now  ready 
in  Belgium    for  shipment. 

France  sent  word  within  a  few  weeks  after  the  declara- 
tion of  war  that  there  would  be  no  change  in  her  plans  and 
entries  were  received  in  the  live  stock,  horticultural  and 
other  departments  during  the  latter  part  of  September  and 
subsequently. 

Representatives  of  British  exhibitors  arrived  in  San  Fran- 
cisco as  early  as  August  to  inaugurate  the  plans  for  pre- 
senting their  exhibits  and  subsequent  shipments  of  exhibit.s 
have   reached    thai   city. 

The  Japanese  government  made  an  original  application  for 
144,000  square  feet  of  exhibit  space  in  all  of  the  exhibit  palaces. 
Commissioner  Ishii.  after  the  outbreak  of  the  war,  arranged 
for  an  additional  space  of  21,419  square  feet  in  the  Palaces  of 
Food  Products,  Manufactures  and  Horticulture.  The  Japanese 
Commission  reports  tliat  the  most  representative  displays  of 
Japan  have  been  gathered  from  every   portion   of  the  Empire. 

France  and  England  are  sending  rare  varieties  of  hot 
house  plants  and  Japan  will  add  a  collection  of  lilies  to  the 
horticultural  display  in   the  palace. 

Entries  in  the  livestock  department  have  been  received 
since  the  outbreak  of  the  war  from  Brittany  and  Boulogne. 
France. 

The  Grand  Duchy  of  Luxemburg,  despite  the  war,  has  pre- 
pared and  shipped  an  exhibit  to  compete  for  the  $1000  prize 
offered  for  the  most  perfect  variety  of  rose  originated  for  and 
exhibited   at   the  exposition. 


g.age  in  engineering  practice,  specializing  In  water  supply, 
irrigation,  drainage,  sanitation  and  valuation,  with  offices  in 
the     Merchants'   Exchange  Building,  in  San  Francisco. 


Trainingr  Class  for  Trade  Teachinc — During  1913  and  1914. 
Pratt  Institute,  Brooklyn,  N.  T.,  tried  the  experiment  of  hav- 
ing a  training  class  for  teachers  of  the  different  trades  in  in- 
dustrial schools.  This  class  consisted  of  17  men,  between 
the  ages  of  24  and  40,  who  were  working  at  various  trades 
during  the  day  and  were  brought  together  in  an  evening  class 
to  receive  instruction  in  the  principles  of  teaching  as  applied 
to  the  industrial  school.  The  class  met  three  times  a  week 
for  24  weeks,  each  session  being  two  hours  long.  The  in- 
struction did  not  include  shop-work  practice  or  related  trade 
subjects,  but  was  confined  to  the  principles  of  trade  teaching. 

The  training  given  consisted  of  two  parts:  Practice  teach- 
ing in  the  New^  York  evening  trade  schools  one  evening  each 
week.  (The  majority  of  the  class  taught  two  evenings  a 
week,  the  second  evening  being  optional.)  Class  work  at 
Pratt  Institute  two  evenings  each  week.  The  latter  was  di- 
vided into  two  parts:  Demonstration  work  in  the  form  of  prac- 
tice teaching  before  the  class,  and  conference  and  lecture 
work,  consisting  of  discussions,  readings  and  occasional  lec- 
tures upon  such  subjects  as: 

The   organization  and  equipment  of  the  trade  school  shop. 

Analyzing  a  trade  for  the   purposes  of  instruction. 

The   commercial   product. 

The  project  scheme. 

The   teaching  of  "related  work." 

Basis  of  the  course  of  study. 

The    organization   of   the    industrial    school. 

How   to  handle  the   industrial   school   boy. 

The   qualifications   of   the    industrial    school    teacher. 

Types    of    schools — their    organization    and    function. 

What  is  education? 

The  difference  between  vocational  education  and  general 
education. 

The  difference  between  vocational  education  on  the  one 
hand  and  prevocational  education,  practical  arts  and  manual 
training   on   the   other. 

This  course  will  be  continued  next  year  on  essentially  the 
same  plan  and  information  for  prospective  students  can  be 
secured  by  addressing  the  institute. 


C.  M.  Ripley,  formerly  with  Pattison  Bros.,  consulting  en- 
gineers, is  now  with  the  Richard  D.  Kimball  Co.,  consulting 
engineers.   New   York   City. 

George  W.  Stevenson,  formerly  master  mechanic  at  Thomas 
A.  Edison's  Silver  Lake  chemical  plant,  Newark,  N.  J.,  has 
accepted  a  position  as  master  mechanic  with  the  Empira  Stnt.! 
&  Iron  Co.,  Oxford,  N.  J. 

L.  B.  Lucas,  Toronto,  Ohio,  has  been  appointed  a  member 
of  the  Hydro-Electric  Power  Commission  of  Ontario,  replac- 
ing Hon.  J.  S.  Hendrie,  who  has  been  appointed  Lieutenant- 
Governor  of  the  Province  of  Ontario. 

F.  C.  Herrman  has  resigned  as  chief  engineer  of  the 
Spring   Valley    Water   Co..    San    Francisco,   Calif.,   and   will    en- 
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Mr.  Robt.  B.  Mullane  has  been  elected  president  of  the 
D.  T.  Williams  Valve  Co.,  Cincinnati,  Ohio,  succeeding  Mr. 
D.  T.  Williams,  who  recently  resigned. 

The  Planner  Water  Tube  Boiler  Co.  has  moved  its  business 
to  Akron,  Ohio.  A  Chicago  othce  will  be  opened  at  1651  Mar- 
quette Building,  with  Mr.  A.  H.  Chas.  Dalley  in  charge. 

The  Wm.  Powell  Co.,  Cincinnati,  Ohio,  has  recently  issued 
the  Powell  Whistle  Booklet  which  gives  the  complete  story  of 
Powell  steam  whistles  and  whistle  valves.  A  copy  is  sent  to 
an.vone  on   request. 

The  Smooth-On  Mfg.  Co.,  Jersey  City,  N.  J.,  is  sending  out 
a  circular  showing  how  the  Drake  Cake  Bakery  in  Brooklyn 
used  Smooth-On  Iron  Cement  No.  7  for  waterproofing,  dust 
proofing  and   hardening   concrete. 

In  order  to  keep  in  closer  touch  with  its  customers  the 
Uehling  Instrument  Co.  has  discontinued  its  selling  connec- 
tion with  the  Uehling  Sales  Co.  All  future  transactions  will 
be   handled  by   the   main   office   in   Passaic,   New   Jersey. 

An  interesting  bulletin  sent  out  by  the  Yarnall-Waring  Co. 
Chestnut  Hill,  Philadelphia,  Penn.,  shows  a  record  of  997 
Simplex  "Seatless"  Blow-Off  Valves  sold  to  a  total  of  only  35 
concerns,  giving  an  idea  of  large  blow-off  installations  this 
company   is   making. 

The  Duquesne  Light  Co.,  Pittsburgh,  Penn.,  has  placed 
an  order  with  the  Yarnall  Waring  Co.,  Mermaid  .-^ve..  Chestnut 
Hill,  Philadelphia,  Penn.,  for  two  300,000  lb.  per  hour  "Lea" 
V-Notch  Recording  Liquid  Meters  for  the  measurement  of 
condensate  in  their  Brunats  Island  Power  Plant.  They  had 
previously    installed    three    meters    of    the    same    capacity. 

The  Builders  Iron  Foundry,  Providence,  R.  I.,  is  getting 
out  a  new  Hot  Water  Bulletin  No.  S5.  It  is  a  brief  but  com- 
prehensive pamphlet  on  the  Venturi  Hot  Water  Meter,  givin.g 
a  short  history  of  the  meter,  the  explanation  of  the  principle 
involved,  the  different  types  of  instruments,  their  methods 
of  installation,  and  several  calibration  tests.  Also  sho\vs  a 
number   of   interesting   installations.      Sent    on    request. 

The  B.  F.  Goodrich  Co.,  Akron.  Ohio,  recently  made  a  ship- 
ment of  18  tons  of  Longlife  belting  in  response  to  one  cable 
order  from  abroad.  In  this  connection  it  is  interesting  to 
note  that  this  company  turns  out  five  miles  of  belt  a  day, 
has  fifteen  miles  of  belt  in  process  of  manufacture  and  has 
about  flft.v  miles  of  belting  under  orders.  15,000  persons  are 
employed  in   the  Goodrich  plant. 

"Westinghouse  Electric  Motors  for  Machine  Tool  .Servic 
is  the  title  of  an  exceedingly  comprehensive  pamphlet,  wi 
an  art  cover,  which  has  been  issued  by  the  Westinghouse 
Electric  &  Mfg.  Co.  This  book,  w'liich  is  profusely  illustrated, 
describes  the  electrification  of  a  machine  shop,  going  into 
some  detail  as  to  the  type  of  motor  to  be  selected  for  each 
machine,  and  a  recital  of  the  characteristics  of  direct  and 
alternating-current  motors  as  applied  to  this  work. 

The  Westinghouse  Electric  &  Mfg.  Co.  has  just  issued 
Leaflet  No.  3749,  covering  Westinghouse  Synchronous  Booster 
Rotary  Converters,  in  which  this  type  of  apparatus  is  very 
fully  described  and  illustrated.  The  advantages  of  this  type  , 
of  machine  are  given  together  with  a  detailed  account  of  its 
method  of  operation  and  construction  details.  A  cross  section 
view  also  gives  a  clearer  understanding  of  its  construction. 
A  number  of  installation  views  are  also  shown. 

The  National  Transit  Co.  Oil  City.  Penn.  is  building  four 
horizontal  duplex  compound  outside  center  packed  plunger 
oil  pumps  for  the  Panama  Canal  Terminal  Pumping  Stations. 
There  will  be  a  pumping  station  at  the  Atlantic  and  at  the 
Pacific  Terminal  of  the  Canal  and  two  of  the  above  pumps  are 
to  go  in  each  station  for  jiumping  fuel  oil  to  and  from  the  oil 
ships  and  the  oil  tanks  on  shore.  Cosden  &  Co.,  producers 
and  refiners  in  high-grade  petroleum,  have  recently  purchased 
from  the  National  Transit  Co.  two  100-hp.  horizontal  twin  gas 
engines,  each  direct  connected  to  a  vertical  triplex  single- 
acting  power  pump. 

The  Bruce  Macbeth  Engine  Co.,  Cleveland,  Ohio,  has  re- 
cently installed  the  Meriam  Steam  Process  of  generating 
low  pressure  steam  bv  means  of  gas  engines  for  the  Micro- 
scope Co..  Cleveland;  Steffan  Shoe  Co.,  Buffalo,  N.  Y. ;  Stroot- 
man  Shoe  Co.,  Buffalo,  N.  Y.;  C.  W.  Downey  (garage),  Cleve- 
land: J.  P.  Eustis  Mfg.  Co.,  Cambridge,  Mass.;  Detroit  City 
Gas  Co.,  Detroit,  Mich.;  Wellington  Milling  Co.,  Wellington, 
Ohio;  The  Ohio  State  Reformatory,  Mansfield,  Ohio;  Chisholm 
Steel  Shovel  Works,  Cleveland;  Consumers'  Ice  &  Cold  Storage 
Co.,  Lexington,  Ky. ;  American  Glove  Co.,  Dunkirk,  N. 
Younglove  Building,  Cleveland;  Wood  &  Spencer  Co..  Cleve- 
land; Northside  Cameraphone  Building,  Pittsburgh:  U.  S. 
Paper  Goods  Co.,  Cincinnati,  Ohio;  Swarthmore  College, 
Swarthmore,  Penn.;  Cleveland  Steel  Barrel  Co.,  Cleveland; 
Fessenden   Light   &    Power  Co.,   Pessenden,   North    Dakota. 


CEXTR.\1.    STATES 

The  Willard  Storage  Battery  Co.,  Cleveland,  Ohio,  will 
construct   a  power  house,   estimated   to  cost  $5000. 

It  is  reported  that  the  Fairbanks-Morse  Mfg.  Co.,  Beloit, 
Wis.,  will  remodel  its  power  house  preparatory  to  installmg 
new   boilers   in   the   early   spring. 

Frank  H.  Josslyn  and  LeRoy  Herrod,  Oshkosh.  Wis.,  ac- 
cording   to    press    reports,    have    purchased    the     Weyauwega 
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How  He  Happened 

T   is  not  always  easy  for  the  younger  genera- 
tion to  see  what  it  is  about  an  older  engineer 
that  gives  him  his  assured  position  of  respon- 
sibility and  recognized  eminence,  but  nobody  gets 
and  holds  these  positions  of  leadership  and  remuneration 
uithout  having  done  something  to  warrant  such  recognition. 


ONE  of  these  veteran  engineers  was  present  at  a  recent 
convention.  We  knew  him  when  he  was  winning  his 
spurs.  He  had  already  made  a  hit  by  saving  money  in 
the  power  plant  of  a  large  textile  mill,  and  was  asked  to  under- 
take to  do  it  for  another  with  the  distinct  understanding  that 
there  was  no  money  available  for  improvements.  The  cost  of 
operating  the  steam  plant  for  the  six  months  preceding  his  tak- 
ing charge  of  it  was  upwards  of  $36,000,  as  given  in  the  first 
column  of  the  accompanying  table,  and  they  made  812,363 
pounds  of  cotton  cloth,  besides  miming  four  woolen  mills  and 
lumishing  steam  for  the  dyehouse.  Based  upon  the  cotton 
cloth  alone,  this  would  give  a  cost  of  power  plant  operation 
per  pound  of  cloth  of  4.47  cents.  For  the  first  six  months  of  his 
management  the  cost  for  the  same  items  fell  to  $25,544,  as 
shown  by  the  second  column, 
and  this  notwithstanding  an  in- 
crease of  over  fifty  per  cent,  in 
the  amount  of  cloth  produced. 
This  brought  the  operating  cost 
of  the  power  down  to  2.06  cents 
per  pound  of  cloth  produced. 
There  was  a  rise  the  next  year  to 
2.21  cents,  which  was  still,  how- 
ever, less  than  half  of  the  cost  per 
pound  before  he  took  hold,  and 


Item. 

6  mo.  ending 

6  mo.  cndinK 

6  mo.  ending 

6  mo.  ending 

Dec.  31,   1882 

June  30,  1883 

Dec  31,    1883 

.Tunc  30,  1884 

Grato  coal- 

»27,969. 15 

$11,301.40 

$8.59.10 

Pea  coal. . . 

8.602. Wl 

10,107. W 

114,791.50 

Culm 

10,316  OC 

2,208.00 

Wood. 

1.340. 0€ 

1.30. on 

8-1  OC 

76.00 

Oil  and 

Rrf'-iw. . . 

418  l.'i 

260.2.'; 

414  .5€ 

274  no 

Payroll. 
Total 

6.000  00 

.M  7.5  47 

.5.705  94 

.5,015  96 

t.36.327.30 

I25,.M4.62 

$27,486.54 

122.366.46 

Cloth 

woven,  lb. 

812.303 

1,23.1.784 

1,241,763 

1.325,712 

C.  per  lb.. 

4.47 

2  00 

2.21 

1.69 

on  the  third  six  months   of  his  stay  he  reduced   it   to    1.69 
cents. 

If  the  operating  cost  of  the  power  plant  had  been  the  same 
per  pound  during  the  first  half  of  1884  as  it  was  before  he  came 
it  would  have  cost  nearly  $37,000  more  than  it  did  cost  to 
run  the  plant.  Of  course,  the  greater  production  made  for  a 
lower  cost  per  pound,  but  he  actually  ran  the  plant  with  the 
expenditure  of  about  $14,000  less  money  and  made  1.63 
times  as  much  cloth  with  it. 

For  this  achievement  he  received  the  first  year  the  munifi- 
cent salary  of  $2000;  but  he  made  good.  Other  and  larger 
plants  offered  larger  opportunities  and  he  went  to  them,  and 
did  what  was  expected  of  him.  That  is  why  he  is  a  leading 
engineer  now.  There  are  plenty  of  plants  today  where 
savings  of  this  .sort  can  be 
made. 

There  are  plenty  of  men  who 
could  make  such  savings  if  they 
were  given  a  free  hand. 

More  confidence  in  the  engi- 
neer on  the  part  of  the  employer 
and  more  confidence  in  himself  on 
the  part  of  the  engineer  an  what 
is  needed  to  bring  the  man  and 
the  opportunity  together. 
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rs^ft  aimdi  SttoHler  Coimilr©!  s\t  Ws^tler^ 


By  Chakles  H.  Bromley 


SYNOPSIS — Describes  the  means  for  controlling  the 
draft  under  the  fire  and  the  stoker  speed  at  the  Waterside 
Stations  of  the  New  York-  Edison  Co.  Also  iUmtrates 
the  stoker-control  system  in  the  '201st  St.  Station  of  the 
United  Electric  Light  &  Power  Co.,  New  York  City. 

In  Watemde  Station  No.  3,  tlic  (;r)0-horsci)ower 
water-tube  boilers  are  arranged  baek  to  back  in  two  rows, 
six  boilers  to  a  row,  the  main  flue  being  between  the 
rows.  Underfeed  stokers  are  used  and  the  draft  is  fur- 
nished by  engine-driven  blowers  pumping  air  into  a 
main  duct  below  the  boiler-room  floor.  At  each  end  of 
this  duct  is  a  blower  designed  for  (iO.OOO  cu.ft.  of  air 
per  min.  against  a  head  of  2  in.,  the  blowers  being  orig- 
inally used  for  the  hand-iired  furnaces  before  the  stok- 
ers were  installed.  These  blowers  or  fans  are  now  run 
faster  to  increase  both  the  pressure  and  capacity  de- 
manded by  the  draft  required  for  the  underfeed  stokers 
and  higher  boiler  capacity. 

For  controlling  tlie  air  pressure  in  the  duct,  and  con- 
sequently the  draft  under  the  fires,  a  multiple-dia- 
phragm regidating  valve  governs  the  speed  of  each  fan 
engine.  Before  investigating  the  details  of  the  dia- 
phragm valve,  it  is  best  to  understand  the  air  connections 
between  the  fan  engines  and  the  duets.  The  diagram, 
Fig.  1,  shows  that  at  the  middle  of  the  main  air  duct 

ConnecHon  fo  x 

damper  regu/afor  \ 


diaphragm  is  very  little  compared  to  that  necessary  to 
move  the  valves  controlling  each  of  the  engines,  there 
must  be  considerable  diaphragm  area,  especially  if  the 
valve  is  to  be  sensitive.  Therefore,  six  diaphragms,  hav- 
ing a  total  area  of  70  sq.in.,  are  used.    A  lever  and  ball 


Fig.  1.     Connections  to  Diaphragm  for  Regulating 
Pressure  in  Air  Duct  vok  Underfeed  Stokers 

<•!  1-in.  pipe  enters.  To  this  short  1-in.  piece,  a  2-in. 
cro.ss  tee  is  connected  and  from  one  side  and  bottom  of 
the  latter,  1-in.  pipe  connects  to  the  bottom  of  each  dia- 
phragm.. The  top  of  the  cross  tee  contains  a  length  of 
2-in.  pipe  going  directly  through  the  floor  to  an  alley 
between -Nos.' 3  and  4  boilers,  the  end  of  the  pipe  having 
a  2-in.  valve  opening  to  the  atmosphere.  This  2-in. 
pipe  rises  about  four  feet  above  the  floor,  so  that  the 
valve  is  most  conveniently  reached. 

The  diaphragm  regidator  is  simply  a  balanced  valve 
actuated  by  the  diaphragms,  which  in  turn  are  moved  liy 
the  air  pressure  from  the  duct.    As  the  pressure  on  the 
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Fig.  2.     Transmission  .Device  for  Driving 
Stoker  Line  Shaft  at  Variable  Speed 

for  adjusting  the  valve  for  minimum  pressure  are  pro- 
vided. 

As  the  valve  is  actuated  by  the  pressure  in  the  air 
duct,'  it   is   evident    that   various    pressures   within    the 

-capacity  of  the  fan  may  be  carried  in  the  duct  by  simply 
allowing  a  greater  or  lesser  amount  of  air  to  escape 
through  the  "globe  valve  A.  The  draft  over  the  fires  in 
anv  unit  of  six  boilers  is  regulated  by  using  the  large 
haJHe  of  the  cinder  arrester,  the  baffle  extending  the  en- 
tire length  of  the  flue.  This  baffle  is  moved  by  hand  and 
performs  the  same  function  in  this  respect  that  individual 
hack  or  uptake  dampers  or  main  dampers  do.  The  CO.  is 
higher  ordinarily  when  the  draft  over  the  fire  is  main- 

■taiiied.at  about  0.05  in.  of  water,  indicated  by  a  U-tube 

.oh  the  control  hoard.  Fig.  -■>. 

For  automatically  regulating  the  air-duct  pressure 
between  two  given  points,  the  latter  being  adjustable,  an 
auxiliary  bleeder  valve  C  may  be  used,  although  this  is 
not  the  case  at  Waterside.  Besides  the  auxiliary  valve' C, 
a  lever  cock  operated  by  a  damper  regulator  is  provided; 
the  cock  discharges  to  tlie  atmosphere. 

Suppose  it  were  desired  to  carry  Vo-in.  pressure  in  the 
air  duct  or  under  the  fire,  but  to  vary  the  pressure  be- 
tween one-half  and  three-quarter  inches.  The  valve  A 
would  be  opened  to  give  the  1/2  in.,  aiid  the  auxiliary., 
bleeder  C  would  be  opened  to  give  the  extra  14  in.  The 
exit  for  the  air  from  the  auxiliary  bleeder  is  controlled;, 
by  the  movement  of  the  lever  cock  which  is  actuated  by' 
the  damper  regulator.  ^ 

Stoker  Control 

This  method  of  air  control  is  all  the  more  useful  be- 
cause of  the  ease  with  which  the  stoker  speed  may  be 
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regulated,  for  both  controls  are  separate  and  independ- 
ent. Each  unit  of  six  stokers  is  engine-driven  "through 
a  variable-speed  transmission  between  the  engine  shaft 
and  the  stoker  line  shaft,  the  latter,  of  course,  being 
driven  directly  bj'  the  variable-speed  transmission,  shown 
in  Fig.  2.  The  transmission  consists  of  spline-mounted 
cone-shaped  disks  C  acting  as  pulleys  over  which  a  V-belt 
runs.  Each  half  of  each  pulley  may  be  separated  from 
its  partner  half  by  the  movement  of  the  levers  D  which 


Underfire  draf^gage 


Over  fire 
draft 
gage 


Air  duct  ( 

Stoker  Speed         ^'7f%"7 
ypjT,\\     Control 


Fig.  3.     DiAGKAM  of  Combustion  Control  J-Soakd 


are  pivoted,  the  levers  being  operated  by  a  screw  E,  with 
right-  and  left-hand  threads,  so  that  as  the  halves  of  one 
pulley  move  inward  or  toward  each  other,  the  halves 
of  the  other  move  away  from  each  other  in  the  same 
ratio.  As  seen,  this  amounts  to  varying  the  size  of  the 
pulleys,  but  it  insures  uniform  belt  tension  for  all  speeds. 
To  adjust  the  tension  of  the  belt  when  this  becomes  neces- 
sary, take-up  screws  F  are  provided  to  allow  the  levers 
to  move  inward,  thus  adjusting  the  pulleys  to  the  length 
of  the  belt.  The  regulating  screw  E  is  operated  bj'  a 
chain  and  sprockets,  one  of  the  latter  being  placed  within 
arm's  length  of  the  bleeder  valve  for  the  draft  system. 
The  driver  shaft  is  designated  A  and  the  driven  B. 

The  transmission  is  made  in  six  sizes.  Where  about 
3500  to  1000  boiler-horsepower  (rated)  in  stokers  could 
be  driven  from  one  lino  shaft,  the  No.  5  transmission, 
good  for  a  maximum  of  25  hp.,  would  do.  This  size  ma- 
chine installed  costs  about  $275  or  $11  per  hor.sepower. 
The  costs  will,  of  course,  increase  slightly  for  machines 
of  smaller  powers. 

The   Contkol   Board 

In  an  alley  between  boilers  Nos.  3  and  4,  a  control 
board  shown  diagrammatically  in  Fig.  3  is  placed.  This 
board  has  an  electrical  tachometer  with  three  scales,  one 
calibrated  for  air  pressure,  one  for  pounds  of  coal  per 
hour,  and  one  for  indicating  the  stoker  speed,  a  pointer- 
indicating  gage  to  show  the  draft  under  the  fire  and  a 
U-tube  gage  to  indicate  the  draft  over  the  fire.  As  shown, 
the  stoker-speed  regulator  and  air-pressure  bleeder  valves 
are  near  the  board.  At  one  end  of  the  firing  aisle,  be- 
tween two  units,  of  six  boilers  each,  are  two  large  steara- 
llow  meters,  one  for  each  unit  of  six  boilers. 


Thk  V AifiAiii.K-Si'Kicn  SroKi;i!-l»i,ivK  Installa- 
tion IN  THE  201sT  Sthkict  Staiion  oi-  the  I'MTEn 

I-lLECTIilC    lildllT    &    I'OWKI!    Co.       TlIE    DniVKS 

.AiiK  Elevated  hktween  tiik  Boilehs  with 
THE  Line  .Shai-t  bene.vtu  the  Flook 


TOO 
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It  is  seen  tliat  with  these  provisions  the  fireman  knows 
how  much  the  output  of  each  unit  is,  how  it  com- 
pares with  the  other  units  on  the  line,  and,  when  more 
or  less  capacity  is  needed,  he  nuiy  have  it  by  a  simple. 
(|uickly  and  easily  made  operation.  Fig.  i  shows  the  same 
kind  of  variable-speed  stoker  drive  for  the  stokers  in  the 
201st  St.  Station  of  the  United  Electric  Light  &  Power 
Co..  New  York  City.  As  shown  in  both  Figs.  4  and  o. 
the  stoker  line  shaft  is  immediately  below  the  floor  while 
the  drive  is  elevated  between  two  boilers  and  is  niotoi 
driven.  The  speed-regulating  sprocket  wheel  is  within 
convenient  reacli  of  the  fireman.  At  Waterside  the  trans- 
mission device  is  below  the  boiler-room  floor  as  showii  in 
Fig.  G. 

The  variable-speed  drive  for  the  stoker  is  the  produci 

^^:^    r "H 

Variable    y\/      \  /Wf       \/T 
Speed  y<    r^~A'.f^ ^— t'l   i        i 

//  l/vM    h/ 

//      i  //    i  ..1..-./  / 

•  /  /  /        y      \Speed  /  I  /' 

line  Shaft  \\l  11  |  \ 

l^ofit  1      ^ 

Fig.  5.     Diauiloimatic  Layout  of  the  Stokeu  Diuve 
AT  aOlsT  St. 

of  the  Eeeves  Pvdley  Co.,  Columbus,  lud. ;  the  diaphragm 
draft  control  installation  was  made  by  the  Pitts  & 
Kitts  ^Manufacturing  &  Suj^ply  Co.,  New  York  City.  A 
Precision  lustrviment  Co.'s  draft  gage  is  iised,  and  the 
stoker  speed  is  indicated  by  a  Hopkins  electrical  tacho- 
meter. 

In  an  effort  to  elimiuate  as  much  as  possible  the  human 
eleiueut  in  governing  combustion,  the  tachometer  is  so  atl- 
justed  that  it  and  the  imderfire  draft  gage  will  read  alike 
when  combustion  is  best.  So,  as  far  as  the  fireman  is 
concerned,  all  he  has  to  do  is  to  manipulate  the  stoker- 
speed  regulator  and  the  air-bleeder  valve  until  they  rcg- 


Fici.  G. 


Tjie  Ti.'ANsmssioN  Device  below  tjie  Boiler- 
EooM  Flock  at  Watek.side 


ister  alike  and  the  steam-flow  meter  shows  the  unit  to 
be  doing  its  share  of  steam  making.  As  several  va- 
rieties of  coal  with  varying  characteristics  are  used  in  the 
AVaterside  stations,  it  Ijecomes  necessary  to  adjust  the 
taclionicter  for  tlio  \arying  coal  conditions. 
Fig.  7  shows  the  diaiDhragm  valve. 


Fig.  7.    Tue  Diaphkagm  Eegulating  Valto 
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SVXOPSIS — Tlir  first  una-poir^riifjiiie  huili  in  America  than  the  low-pressure  cylinder  of  an  equivalent  compound 

irilh  llir  roo/ii'ralioii  and  appruval  of  Professor  Stunt [tf  without  loss  of  etficiency.     The  full  boiler  pressure  acts 

H.vv'.v  uiilij  IJ.'i  Ih.  of  xlmm  per  i.hp.-hr.  condensiny  and  u]ion  the  large  piston,  necessitating  attention  to  the  large 

la.S  nuncondensing,  the  minimum  conxuniption  being  at  initial  stress. 

one-lialf  load  in  both,  rases.     It  is  only  loxlO  in.,  runs  at  The  engine  is  pleasingly  simple  in  appearance,  as  will 

250  r.p.m.,  and  is  designed  to  carrg  100  hu-.  at  rating.  be  recognized  from  Fig.  1;  and  its  iuternal  arrangement 

:*;  and  construction  are  just  as  simple.  Fig.  3  shows  a  lon- 

A  number  of  engines  have  been  built  in  America  upon  gitudinal  and  cross-section  through  the  cylinder.     Steam 

the  una-flow  principle,  but  the  first  to  be  built  with  the  enters  by  the  poppet  valve  in  the  head,  is  cut  off  early 

consent  and  approval  of  Professor  Stumpf,  under  his  pat-  in  the  stroke  even  at  full  load,  and  exhausts  through  the 

ents  and  designed  by  the  engineers   of  his  representative,  ports  in  the  middle  of  the  cylinder,  when  they  are  opened 

the  Stumpf  Una-Flow  Engine  Co.,  who  know  his  stand-  by  the  piston  passing  over  them.     The  piston  is  shorter 

TESTS  MADE  WITH  A  15xl6-INCH  STUMPF  VNA-FLOW  ENGINE 

Oct.  3,  1914  June  0,  1914                                                              Sept.  .5,  1914 

. — Xoncondensing — Saturated — .     . Noncondensing— Superheat<?d .     . Condensing — Superheated • 

Tc.'it  no I               II             III            IV              I  11             III            IV              V              I             II           III          IV           V           VI 

Load }                5                i             full       Friction  I                J                i            0.85     Friction       J              J              J           Full          Ij 

Steam  prjssurc,  lb.  per  sq.in 140           14."i           145           146           13S  140           140           140           137          147         145         145         145         140         140 

Speed,  r.p.m 257  256  255  254  262  258  255  233  252  233         

Superheat,  deg.  F 132  117           130           118           114            50           96           88           93         103         140 

Vacuum,  in ...            ...            ...            ...  ...            ...            ...            ...             26           26         251         25}           25           24 

I      A               ™»„*  /  Ampere.'s 100           200           300           400           ...  100           200           300           350          ...          100         200         300         400         6(X) 

Load  on  generator.  ^  yg„g 2.50           2.50           2.50           250            ...  250           2.50           250           250           ...          250         250         250         250         2.50 

Indicated  horsepower,  hp 55.5         93.4       1.30.8       171.7        12.9  56.3         92.5          134        152.3       11.5           33           93         131       175.5       257 

Steam  consumption,  Ih.  i.  hp.-hr.  .     21.0         20.4         20.8         21.3        IS.O  17.3         16.8         17.0         17.3       15.0        13,2      12.5       12.5          12.9       13.3 

ards  and  methods,  is  that  built  by  the  Ames  Iron  Works,  than  the  stroke  only  by  the  width  of  the  exhaust  port, 

of  Oswego,  N.  Y.,  and  illustrated  herewith.  If,  for  instance,  the  piston  were  f|y  as  long  as  the  stroke 

This  engine  consists  of  a   1-")x1G-in.  cylinder  mounted  and  the  port  iV?  i"elease  would  take  place  when  the  stroke 

upcm  a  .standard  heavy-duty  fraiiie.     About  as  many  ex-  was  f',  completed  and  compression  would  commence  when 

pansions  are  attaiiial>Ic  with  the  uiia-How  in  a  single  cyl-  the  jjiston  had  jn'occeded  j'jj  of  the  way  on  its  backward 


Fiu.  1.     The  Fiiisi-  Stumim'  TI.na-Fi.ow  Ivvcine  r>riT,T  in  .\mei!IOA 


'■r  without  excessive  cylinder  condeii.^ation  as  arc  prac- 

iMe  in  the  two  cylinders  of  a  comiiouiid,  but  on  ac- 

il  of  the  ab.sence  of  loss  between  cylinders,  etc.,  the 

How  cylinder  may  1"'  mndr  Mlmut  20  jht  cent,  smaller 


.stroke.  If,  wlicn  the  pistun  covers  the  c.xhau.st  port 
on  the  backward  stroke,  the  i)ressure  in  the  cylinder 
is  low,  as  when  the  engine  is  e.xhaiisting  into  a  conden.ser, 
th(!  (()m])ression.  even  with  a  moderate  clearance,  would 


;o3 


r  0  w  E  E 


Yol.  40.  Xo.  20 


not  1)0  very  liijj'.i.  V/ith  the  exhaust  ceasing  at  -jV  of  the  re- 
turn stroke  tliere  would  be  i%  of  the  cyliuderful  of  stoaiu 
to  he  compressed  into  the  clearance. 

Suppose  this  to  be  at  the  pressure  of  2  lb.  nbsohite, 
about  2(S  in.  of  vacuum,  and  suppose  the  clearance  to 


be  5  per  cent.,  we  iiave,  assuming  the  pressure  to  vary  in- 
versely as  tlte  volume, 

2  X.0.95 


0.05 


=  38  lb. 


showing  that  even  with  this  earl^-  closure  the  compres- 
sion would  run  up  to  ouly  a  moderate  amount.    If,  licw- 


IJi/lA' 


l)oini-E-l>K.\T  Poppet  Admi«.'sio^'  Vaive 


ever,  the  ]tix'ssuru  at  tiic  instant  that  compression  com- 
menced were  that  of  the  atmosphere,  say  1/)  lb.  absolute, 
tliere  would  be  with  the  same  clearance 


15  X  0^ 
'"  ~07j5 


=  285  lb. 


Fig.  2.     Admission  Valve  and  (Ieau 


Ou  aecoimt  of  the  absence  of  the  iisual  exhaust  port  it 
is  ])ossibIe  to  keep  the  clearance  very  low,  it  being  only 
.').!  per  cent,  in  this  engine  even  with  its  short  stroke. 
For  a  uoneondensing  engine  it  is  necessary,  however,  to 
have  a  greater  clearance  volume  when  the  closure  of  the 
exhaust  is  thus  early  in  the  stroke.  Professor  Stumpf 
argues  that  the  harnrful  effect  of  clearance,  due  to  its  vol- 
ume, is  slight  compared  with  that  due  to  its  surface,  and 


Tig.  3.  Longitudinal  axd  Ckos«-.Section  of  Cylindee 
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the  engine  designed  to  run  noncondeusing  only  bas  a  pis- 
ton, tlie  head  of  which  is  turned  out  concave.  This  gives  the 
required  increase  of  clearance  volume  with  the  least  pos- 
sible amount  of  bounding  surface.  Witli  an  engine  designed 
to  nm  condensing  a  minimum  amount  of  clearance  is  used, 
the  piston  lieiiig  built  in  the  usual  way.  In  order  to  meet 
emergency  conditions,  as  when  the  condenser  drops  its 
vacuum  and  the  engine  must  run  temporarily  noncon- 
deusing, a  clearance  pocket  is  provided  in  the  head,  as 
shown  in  the  cross-section  in  Fig.  3,  the  connection  of 
which  with  the  cylinder  is  controlled  by  the  valve  shown. 
AVhen,  for  any  reason,  the  engine  has  to  run  noncondeus- 
ing, this  valve  is  opened,  connecting  th»  pocket  with  the 
working  cylinder  and  the  clearance  is  increased  and  the 
compression  kept  down,  although  with  a  slight  impair- 
ment of  the  efficiency  on  account  of  the  addition  to  the 
containing  surface.  If  desired  the  valve  controlling  the 
connection  between  this  pocket  and  the  cylinder  may  be 
made  to  open  automatically,  precluding  the  generation 
of  excessive  pressure  by  an  accidental  loss  of  vacuum. 
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Pig.  6.     Sitowing  ttte  Fi,at\ess  of  tite  Load  Cukvk 

TJie  passages  surrounding  the  cylinder  between  the  ex- 
haust belt  and  the  cylindiT  heads  are  steam  jackets,  the 
motive  of  tlic  engine  being  to  preserve  a  hot  end  or  /one 
for  the  entering  steam  ;  and  as  the  exhaust  does  not  come 
back  through  this  zone  it  carries  off  no  heat  from  it, 
which  cx])!ains  the  economical  results  obtained  by  the 
unidirectional  method  of  flow. 

In  order  to  ada))t  the  engine  to  the  use  of  high  de- 
grees of  sn])erheat.  i)o)>pet  valves  are  used,  and  one  of 
tin'  remarkable  things  about  tlie  running  of  the  engine  is 
the  noiselessness  ajul  ease  with  which  these  valves  are 
liandled  at  2.')0  and  more  revolutions  per  minute.  The  op- 
crating  rod  extends  across  both  valves  as  shown  in  Figs. 
I  and  ;]  and  receives  its  motion  tlirough  a  rocker  arm  from 
llic  governor  eccentric.  Wliere  it  passes  through  the 
\alve  bonnet,  Fig.  2,  its  section  is  circular,  with  a  recess 
in  which  is  carried  a  roller.  Thi.s  roller,  by  contact 
with  a  suitably  designed  cam  surface,  lifts  the  valve 
quickly  from  its  seat,  and  in  closing  permits  it  to  ap- 
proach the  scat  rapidly,  but  to  be  l)rought  into  actual 
contact  at  a  diminishing  rate  which  makes  no  percep- 
tible impait.  Tlio  cam  is  ke])t  in  contact  with  the  lever, 
and  the  iialanced  valve  u))on  its  seat,  by  the  s))ring  sliown 
at  tiic  to]'.     The  jiistdti  immediately  ijelow  the  roller-car- 
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ryiug  section  is  merely  a  guide.  The  valve  stem  depends 
upon  its  length,  good  fit  and  water  grooves  for  steam 
tightness,  a  method  long  ago  used  snccessfnlly  liy  I'ro- 
I'essor  John  Sweet. 

The  well  known  dillienlty  of  keeping  a  double-seated 
valve  tight  on  lioth  seats  at  the  same  time  is  met  by  mak- 
ing the  upper  lip  of  the  valve  suflicicntly  flexible  lo  be 
pressed  onto  its  seat  by  the  steam  pressure.  Fig.  I  sbuws 
the  valve  on  a  larger  scale.  The  eross-liatihed  poitimi 
is  of  east  metal.  The  upper  lip,  shown  in  .^olid  black,  is 
made  by  shrinking  on  a  steel  ring  and  then  turning  it: 
to  the  section  shown,  the  thin  center  deflecting  enough 
under  pressure  to  allow  the  outer  ring  to  seat  tighll\. 

The  table  on  page  TO!  shows  some  results  obtained 
with  this  engine  njion  the  testing  floor  of  the  builder's 
shops  at  Oswego,  N.  Y.,  where  they  are  exceptionally 
well  equipped  for  sneli  determinations.  In  Fig.  5  are 
shown  a  series  of  diagrams  from  friction  to  50  per  ■  ent. 
overload.  Steam  consumptions  of  13.5  and  17  lb.  con- 
densing and  uoneonden.sing  are  remarkable  for  an  engine 
doing  less  than  100  hp.  and  the  flatness  of  the  curve  of 
steam  consumption  plotted  against  load  (Fig.  (5)  will 
give  the  engine  a  great  advantage  when  used  for  light  or 
fluctuating  loads.  These  results  were  corroborated  by  the 
editor  of  Power,  who,  on  Oct.  16,  made  a  test  of  the 
engine,  assisted  by  Professors  Herman  Diederichs  and 
W.  M.  Sawdon  of' Sibley  College,  and  W.  Trinks  of  the 
Carnegie  Institute  of  Technology. 

With  an  average  load  of  100.8  kw.  the  engine  developed 
1GS.4G  i.lip,,  giving  an  overall  efficiency  of  engine  and 
generator  of  80.2  per  cent.  AVith  steam  of  118  II).  gage, 
125  deg.  superheat  and  exhausting  at  atmospheric  pres- 
sure the  steam  rate  was  17.57  lb.,  the  heat  rate  19.022 
B.t.u.  per  i.hp.-hr.  and  the  efTiciency  referred  to  the  TJan- 
kine  cycle  75.8  ])er  cent.  Every  precaution  was  taken  to 
obtain  correct  results.  The  weighing  apparatus,  ther- 
mometer, gage  and  indicator  were  calibrated,  the  mean 
effective  pressure  corrected  for  a  slight  inaccuracy  of  the 
indicator  spring,  and  there  is  no  doubt  that  the  engine 
will  carry  the  load  under  which  it  was  tested  with  the 
steam  consumption  given. 


Jaclfeet  Waller 
By  Willi a,m  B.  CJarrisox 

While  stranded  for  a  few  hours  in  a  small  town  recent- 
ly, I  used  the  time  in  visiting  several  power  jilants  in  the 
\iciuity  of  the  railroad  station,  one  of  which  is  of 
interest.  It  has  a  400-hp.  twin  oil  engine.  Fig.  1,  di- 
rectly connected  to  a  300-kw.,  110-volt  alternating-cur- 
lent  generator,  running  at  150  r.p.m.  A  triple-plunger 
cooling-water  pump  is  belt-driven  from  a  pulley  on  the 
end  of  the  engine  crankshaft. 

On  the  outside  of  the  brick  engine  house  is  a  long 
9000-gal.  capacity'  '"ron  tank,  above  which  are  four  stands 
of  cooling  troughs  over  which  the  water  from  the  discharge 
ot  the  engine  water  Jacket  flows.  Fig.  3.  Beginning  at 
the  right,  the  first  and  third  stands  cool  the  water  from  the 
engine.  The  second  stand  is  connected  to  the  overflow  of 
a  6-in.  standpipe,  24  ft.  high,  into  which  the  belt-driven 
]'ump  discharges,  taking  water  from  the  iron  tank.  The 
top  of  the  standpijte  is  fitted  with  a  safety  valve,  set  at 


40  lb.  pressure.    When  the  pressure  exceeds  this,  the  valve 
operates  and  the  water  flows  to  the  cooling  racks.  As  the    j 
water  jacket  is  piped  to  the  standpipe  under  a  pressure 
of  40  11).,  it  insures  a  constant  circulation  of  water. 
Tiic  uaicr  lioni  the  engine  conies  to  the  cooling  towers 


Fig.  1.     Twi\  Oil  I'Ixoixk  <>[■'  400  Hi'.  Cvi'mitv 


Fi< 


Coi.'LINl 


Water  Tower  for  ExmxE  .Ia(  ki 
Water 


at  from  160  to  180  deg.  and  is  taken  from  the  tank  at  'mi 
deg.,  a  drop  in  temperature  of  from  70  to  !)0  deg.,  durini: 
the  winter  months;  in  summer,  the  drop  is  less. 

This  cooling  arrangement  is  a  good  example  of  what  r;iii 
be  done  cheaply  when  cooling  water  is  not  readily  a\a li- 
able at  small  cost  and  must  be  had. 

The  fourth  cooling  stand  is  used  with  a  small  crude- 
oil  engine  in  the  factory,  but  any  one  of  the  four  can 
be  used  with  either  engine  by  controlling  valves  in  the 
dis(;harge  pipe  above  them. 

The  exhaust  gases  from  the  engine  go  to  a  stack  shown 
at  the  rear  of  the  engine  house,  and  are  discharged  ver- 
tically. 


Profitable  Mnnidpal  Plant  at  Lodi,  Calif. — The  city  clerk's 
annual  report  shows  that  LocU  has  cleared  $17,183.22  on  its 
municipal  light  and  water  system  during  the  past  year.  The 
city  owns  property  v.ilued  at  $178,354,  which  includes  the 
electric  light  and  water  plants  and  services.  During  the 
year  the  city  received  from  the  sale  of  water  and  lights, 
$47,174.93.  It  costs  $37,916.93  to  maintain  these  departments 
In  addition  to  this,  improvements  have  been  made  to  thd 
plants  amounting-  to  $.57,935.52,  giving  a  real  profit  of  $17,| 
1.S3.22. 
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Boilers 


By  Jay  C.  Latheop 


SYXOPSIS — The  lime,  cost  and  deimls  entering  into 
the  installation  of.ci.r  1000-lip.  stoker-fired  irater-tiihc 
hollers  with  superheaters. 

During  the  past  year,  six  1000-lip.  water-tube  boilers 
have  been  installed  in  an  addition  to  the  Westjiort  power 
station  of  the  Consolidated  Gas,  Electric  Light  &  Power 
Co.,  of  Baltimore.  There  are  eleven  retort  underfeed 
stokers  under  each  boiler,  the  general  arrangement  being 
shown  in  Figs.  1  and  2. 

These  boilers  are  of  the  three-pass  type,  and  are  sup- 
ported upon  the  struetnral-steel  framework  of  the  build- 
ing. The  front  and  rear  headers  are  hung  from  two  lo- 
in. 33-lb.  channels  framed  between  the  main  building 


tious.  Each  set  of  three  boilers  has  a  similar  breeching, 
arrangement  of  which  is  shown  in  Pig.  3.  ^ 

The  setting  for  each  boiler  occupies  a  space  22  ft.  10 
ill.  wide  by  22  ft.  IQi/o  in.  long  and  22  ft.  11%  in.  high. 
Tlie  entire  setting  is  supported  upon  the  steelwork  which 
carries  the  main  Iioiler-room  floor,  20  ft.  above  the  base- 
ment floor. 

Each  sidewall,  weighing  204.000  lb.,  is  carried  l\v  two 
Bethlehem  girder  beams.  The  rear  wall,  weighing  34,- 
.500  lb.,  and  the  bridgewall,  weighing  .50,000  lb.,  arc  sim- 
ilarly supported.  The  front  is  taken  up  by  the  .stoker, 
which  also  rests  directly  on  steel  floor-beams. 

After  the  steelwork  supporting  the  bridgewall  and  the 
reciprocating  grates  of  the  stoker  had  been  erected  it  was 


Fio.  1.     TToisTixo  TTKAnEH  ftiom  Cat; 

imns  by  means  of  3-in.  round   rods  v.illi   ball  joints. 

h   boiler  has  a  heating  siirlaee  .il'    10,  HO  sq.ft.   and 

-ists  ol'  172  four-inch  tubes  20  ft.  long  e.\])an<led  into 

wrouglit-stecl  headers,  together  witli  four  steel  drums 

'I  3.5l^  in.  in  diameter.     P]aeli  boiler  is  equipped  with 

I  oster   sii|)erbeater,   arranged    to   lieat   31, HO    lb.    of 

ep  to   IS',   (leg.  F.  under  a  steam  pressure  of  300  lb. 

■«c  superheaters  are  so  designeil  that  the  droji  in  pres- 

•  shall  nr)t  exceed  '/2  "'•  "*  ''"♦^''  l"**'!-  '"^  1'^-  ^^  '^^^  P^"" 

1  of  rating  and  IVi>  lb.  at  300  ])er  cent,  of  rating. 

riie  gases  from  each  lioiler  are  carried  through  a  ver- 

il   iijitake  to  a   breceliing   varying   from   o  ft.  at  the 

small  end  to   K!  ft.  at  the  eoimoetion  to  the  stack,  the 

width  inside  being  .5  ft.     The  construction  and  method 

of  supporting  this  stack  on  the  steelwork  were  described 

in  PowKi!.  Oct.  i:i,  101  t,  p.  522.    Cross  baffle-plates  were 

arranged   in   the   vertical   ]M)rtion  of  the  breeching  just 

beneath  the  stack,  dividing  the  stack  area  into  four  sec- 


FiG.  2.     Tnstat.lint,  the  Stokehs 

found  di'siralile  fo  ebange  the  design  of  the  stoker,  mak- 
ing necessai-y  tlie  removal  of  one  jf  the  IS-in.  beams  su])- 
jiorting  the  bridgewall,  and  lowering  the  two  beams  be- 
neath the  recijirocating  grate  so  that  this  grate  could  be 
lowered  and  ])laced  further  back,  allowing  more  space  for 
llie  .linkei-^. 


The  stokers  are  of  unusual  width,  owing  to  the  large 
capacity  of  the  boilers,  and  each  is  made  u])  of  eleven 
standard  retorts.  Tlie  width  of  the  stoker  is  I!)  ft.  ('>  in. 
inside  to  inside  of  the  combustion  chand)er,  ami  the  deplb 
of  the  ebamber  is  8  ft.  31/2  in.  Thc-je  stokers  are  pro- 
vided with  extension  grates  of  the  self-cleaning  type 
which  have  recently  been  developed.  This  extension 
grate  is  showing  U])  well  under  servi<-c,  and  is  a  desirable 
addition  to  the  labor-saving  machinery  in  a  plant  of  till, 
charaeter.     The  forced  draft  for  the  stokers  is  provided 
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bv  four  tliree-quarter-housed  paddle-wheel  fans  directly 
connected  to  four  engines  which  also  furnish  the  power 
for  driving  the  stokers. 

Erectiox  of  Boilers 

The  boilers  were  erected  Ijy  the  builders  while  the 
stokers  were  put  in  by  the  company  forces  under  the  di- 
rection of  the  contractor's  superintendent.  That  no  time 
might  be  lost  in  the  I'onstruction,  the  boiler  builders 
contracted  with  the  steel  erector  to  iinload  and  place  the 
hea\'y  parts  on  the  main  boiler-room  floor.  The  contractor 
used  a  large  guyed  derrick  which  easily  Jiandled  the 
twelve  headers  and  twenty-four  drums,  placing  them  ap- 
proximately where  they  were  to  l)e  erected,  as  is  shown 
in  the  illustrations. 


latter  part  of  January  and  that  the  most  severe  weatlicr 
in  this  part  of  the  country  occurred  during  Feliruary  ami 
IMarch,  this  forms  a  remarkable  record. 

The  following  tablr  gives  in  detail,  the  cost  and  the 
time  required  for  the  erection  of  the  boilers  and  super- 
heaters : 

BOILERS 


Total    

SUPERHEATERS 

Foreman.  41  days $205.00 

Labor,  2145  hdurs  at  $0.2.5 536.25 


Total 


Grand    total 

As  there  were  skil 
the    eiTctioH    of    the 


$3380.25 

cil  men  among  the  laborers  u.sed  in 

Iniilcrs    and    tlie    superhentcrs,    the 


Fig.  3.     Layout  of  Breechixgs  (Oxe  Side)  with  Principal  Dimensioxs  for  Six  1000-TTp.  Boilers  • 


Four  cars  of  this  material  arrived  on  Jan.  27,  two  of 
which  were  unloaded  on  the  28  and  two  on  Jan.  30.  The 
unloading  and  placing  were  accomplished  at  a  much  lower 
cost  to  the  boiler  contractor  than  would  otherwise  have 
been  tlie  case,  and  with  a  minimum  of  interference  with 
the  work  of  other  contractors. 

The  erection  of  boilers  began  on  Feb.  2,  and  was  fin- 
ished on  ilay  T,  witli  the  exception  of  certain  minor  de- 
tails and  alterations  which  were  made  later,  making  a 
total  of  about  fourteen  weeks,  including  the  erection 
of  the  superheaters.  The  actual  working  time,  including 
ilay  7,  amounted  to  eighty-one  working  days. 

Forty-one  actual  working  days  were  required  for  the 
erection  of  the  superheaters,  which  included  seven  days 
during  which  the  foreman  alone  was  on  the  job. 

When  it  is  considered  that  this  work  was  begun  the 


Foreman,  51  days  at  $6 

Bricklayers,  2560  hours  at  $0.62%. 
Laborers,  2368  hours  at  $0.25 


liourly  rate  of  25c.  has  been  assumed  as  an  average  cover- 
ing both  common  and  skilled  labor. 
Brick  Settings 

Each  setting  required  about  54,000  bricks.    The  laying 
contract  was  made  with  a  local  contractor,  the  company  '  I 
agreeing  to  furnish  all  brick  and  material  for  mortar,    | 
the  brick  to  be  delivered  on  the  main  boiler-room  floor.        1 1 

Actual  brick  laying  liegan  on  Apr.  7,  1914,  and  the  en-  j 
tire  work  was  completed  on  June  6,  about  five  weeks  jj 
after  the  erection  of  the  boilers.  I 

The  following  is  the  actual  labor  cost  of  this  portion  .i 
of  the  work : 


Total   labor   cost 

This  is  equal  to  $7.70  per  thousand  bricks. 
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Unfortunately,  owing  to  the  delay  in  the  erection  of 
tlie  coal-handling  apparatus  and  breeching,  the  boilers 
were  not  placed  in  service  until  Aug.  17,  1914,  although 
fires  were  started  in  three  of  them  on  July  29,  in  order 
to  dry  the  settings. 

Stoker   Installation 

Unloading  and  erecting  the  stokers  began  ilar.  6,  1914, 
and  they  were  ready  to  turn  over  early  in  July.  The  in- 
stallation of  the  six  stokers,  together  with  four  fans,  four 
engines  and  the  necessary  shafting  and  hangers,  required 
the  services  of  an  expert  erector  for  127  days,  with  labor 
assistance  amounting  to  .50  days. 

E=?esialb   S^^stemm  ®f  ©©ales'  SeSl^Iim^ 

The  chief  disadvantage  of  the  general  method  of  brick- 
ing in  boilers  is  the  breaking  of  the  brick  headers  after 
the  furnace  lining  begins  to  burn  away,  allowing  the  lin- 
ing to  bulge  and  sag. 

The  Lemb  system  of  boiler  setting  is  designed  to  do 
away  with  the  drawljacks  of  the  ordinary  boiler  setting. 
The  setting  consists  of  interlocking  and  ship-lapped  dry 
firebrick  and  block  lining,  interchangeable  fire-door  and 
back  connection  arches,  etc.,  held  in  place  by  protected 
binders.  Figs.  1  and  2  give  an  idea  of  how  a  horizontal 
return-tubular  and  a  water-tube  boiler  are  set  in  accord- 
ance with  the  system. 
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Fig. 


1.    HoitizoNTAL  Tubular  Boiler  Set  According 
TO  THE  Lemb  System  of  Boiler  Setting 


Fig.  2. 


Water-Tubk  Boiler  Set  Aciording  to  the 
Lemb  System  ok  Boiler  Setting 


Fig.  3.     Interchangeable  Fire-Door  Arch 


Fig.  4.     Arch  Block  of  the  Back  Connection  Abch 
EOK  Horizontal  Tubular  Boilers 

Referring  to  Figs.  1  and  2,  A  shows  the  stretcher 
bricks  and  B  and  BII  in  combination  with  the  binders 
form  the  headers;  C  is  the  l)inder  for  single  walls  and 
D  that  for  party  and  bafBe  walls.  The  single-wall  binders 
are  anchored  a  full  foot  into  the  common  wall;  the 
l)inders  for  the  i^arty  walls  suit  all  thicknesses  of  walls. 
The  firebox  blocks  E,  made  on  the  same  principle  as  the 
brick,  are  41/2,  6  and  9  in.  thick  and  12,  18  and  24  in. 
high.  The  bricks,  3I/4  in.,  are  thicker  than  the  standard 
firebrick;  tlie  width  and  lengtli  are  the  same  as  in  the 
ordinary  brick. 

In  the  installation  of  tliis  system,  six  stretcher  cotirses 
are  used  between  the  header  or  binder  courses.  This 
brings  them  2  ft.  a])art  and  makes  the  lining  sectional, 
so  that  any  one  part  can  l)e  removed  or  repaired  without 
disturbing  or  interfering  with  any  other  part  or  section. 

The  burning-out  sections  of  the  firebox  have  a  double 
lining,  the  furnace  side  being  removalilc  aiul  of  brick 
111-  block  as  conditions  may  require.  Inasmuch  as  the 
liiick  and  l)lock  are  set  dry,  there  is  no  settling.  As  the 
jiiints  are  knife-tight,  but  little  clinkers  will  adhere;  the 
linings  arc  always  fairly  smooth.  Owing  to  the  strong 
til'  caused  by  tlie  l)indcrs.  there  is  710  bulging,  sagging, 
iir  brick  slipping  out  of  plni-e  and  there  are  no  binders 
(o  break  oil'. 

The  intercliangeable  fire-door-ardi  system.  Fig.  ;!,  con- 
sists of  a  series  of  sectional  cast-iron,  air-cooled  anii 
jiiates,  bolted  to  the  boiler  front.  JlovaliJe  hangers  arc 
snsjiendcd  from  the  under  side  and  interlocking  arch 
blocks  arc  placed  on  them  ;  the  hanger  jambs  and  ])iers 
are  similarly  held  in  place.  When  the  jambs,  jjicrs  or 
anil  l)l(Mks  require  renewal,  the  old  blocks  are  ]ndled  out 
and  new  ones  slipped  in.     This  is  done  without  disturb- 
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ing  the  brickwork  above  the  arch  phites.  The  dead  plate 
can  be  removed  at  any  time  without  its  interfering  with 
the  arch  system,  which  is  independent  of  the  dead  plate 
or  boiler  walls. 

The  interchangeable  back  connection  arch  system.  Fig. 
4,  consists  of  fire  blocks  siapported  by  standard  piping 
held  in  place  by  the  boiler  side  walls.  These  pipes  per- 
mit of  air  circulation  and  are  protected  from  the  hot 


The  blocks  conform  as  nearly  as  possible  to  the  natural 
courses  of  the  gases  and  are  smooth.  With  this  type  of 
back  connection  arch,  one  or  more  of  the  sectional  arcli 
blocks  can  be  removed.  They  are  set  without  fire  clay 
and  so  arranged  that  they  cannot  leak  air.  This  bark 
arch  is  also  independent  of  the  main  boiler  walls. 

This  system  is  controlled  and  the  parts  for  it  are  niailr 
by  Jolm  Lemb  &  Sous,  Inc.,  177-179  Marion  St.,  Bronk- 
Ivu,  N.  Y. 


By  Morgan  B.  Smith 


SYNOPSIS— A  hole  in  the  first  baffle  of  a  Stirling  boiler 
cut  down  capacity,  lowered  the  efficiency  from  78.S  to 
28.2  per  cent.,  and  raised  the  temperature  of  gases  leav- 
ing the  boiler  by  about  350  deg.  F. 

The  boiler  which  was  examined,  and  in  which  a  broken 
baffle  was  detected,  is  a  500-hp.  Stirling,  baifled  in  the 
usual  manner.  It  is  fitted  with  a  steam-flow  meter  and 
electric  pyrometers  in  the  combustion  chamber  (top)  and 
in  the  top  of  the  last  pass.  It  was  the  indications  of  the 
flow  meter  and  the  pyrometer  in  the  last  pass  which  gave 
rise  to  the  thought  that  one  or  more  of  the  baifles  must 
be  broken. 

For  some  time  the  flow  meter  had  indicated  a  slug- 
gishness of  steam  generation  which  did  not  greatly  im- 
jirove  with  hard-driven  fires.  At  the  same  time  the  tem- 
peratures of  the  gases  passing  to  the  stack,  or  breeching, 
iiad  risen,  on  the  average,  something  like  350  deg.  F. 

Before  shutting  down  tliis  boiler  for  repairs  it  was 
thouglit  best  to  get  together  data  bearing  on  its  peculiar 
behavior.  C'onseciuently,  readings  of  the  steam  produced 
and  the  temperatures  in  the  top  of  the  last  pass,  as  well 
as  over  fires,  were  taken  for  a  period  of  four  days. 

As  the  general  figures  for  this  boiler  were  known, 
those  obtained  at  this  time,  with  the  boiler  obviously  in 
bad  condition,  could  be  compared  with  those  found  under 
normal  conditions.  After  obtaining  these  figures  the 
boiler  was  cooled  down  and  examined. 

The  front  baffle,  possibly  the  most  important  of  all 
three  in  this  type  of  boiler,  was  found  to  have  a  hole  in 
it  32x28  in.  in  size.  This  hole  was  irregular  in  shape 
and  broader  at  the  bottom  than  at  the  top. 

The  edges  of  the  baffle  brick  around  the  hole  were  badly 
fused,  so  much  so  that  they  were  rounded  and  there  was 
some  indication  of  actual  fluxing.  This,  without  a  doubt, 
was  caused  by  the  intense  concentration  of  heat  as  the 
products  of  combustion  swept  through  this  comparatively 
small  opening.  It  is  obvious  that  had  the  boiler  re- 
mained on  the  line  much  longer  serious  ttibe  trouble 
would  have  developed  at  this  point. 

The  results  of  such  a  broken  baffle  are.  in  general, 
diminished  capacity,  since  contact  of  the  heated  gases 
with  the  tubes  is  greatly  lessened;  distortion  of  the  tubes 
in  the  immediate  neighborhood  of  the  break,  with  pos- 
sible ultimate  failure;  diminished  efficiency  of  combus- 
tion ;  disturbed  circulation  and,  probably,  foaming. 
Fig.  1  shows  graphically  the  working  conditions  of  this 
boiler,  especially  the  temperatures  found  at  the  top  of 
the  combustion  chamber  and  in  the  top  of  the  last  pass. 


The  a\-erage  temperature  over  the  fire  is  2462  deg.  F. ; 
at  tlie  top  of  the  first  pass,  1148  deg.  F.,  and  at  the  top 
of  the  last  pass,  545  deg.  F. 

Fig.  2  shows  the  change  in  conditions  after  the  break- 
ing of  the  front  baffle.  The  rise  in  temperature  at  tlie 
top  of  the  last  pass  explains  at  once  the  falling  off  in  the 
evaporation  in  this  boiler.  The  fire  was  maintained  as 
closely  as  possible  at  the  average  temperature  generally 
maintained  in  this  furnace,  viz.,  2462  deg.  F. 


Fig.  1.     NoHMAL  Wokking  Conditions  in  the  Boilee  ;; 

Investigated  '; 

It  was  not  possible  to  locate  the  break  in  the  baffle  be-  i 

fore   shutting  down   the  boiler;  hence  no   temperatures  'J 

could  be  taken  at  the  point  of  rupture  in  the  baffle.     It  'I 

is  probable,  however,  that  the  temperature  at  this  point  ,i 

did  not  fall  much  from  that  in  the  furnace  since  the  ; 

contact  with  tlie  tubes  in  the  front  bank  was  limited.  |; 

The  temperature  was  estimated,  considering  the  known  li 

softening  point  of  the  baffle  brick,  at  close  to  2372  deg.  F.  ji 

Oonsiderins;  the  short  cut  which  the  gases  took  tlirough  j 
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the  tubes  it  is  remarlvable  that  the  temperature  in  the 
top  of  the  last  pass  was  not  higher  than  found,  viz.,  17  78 
deg.  F. 

Summarizing  the  temperatures  found  in  normal  prac- 


Showinq  Break  in  Baffle  and  Kesulting 
Temperature  Conditions 

tice  and  those  found  under  conditions  imposed  by  the 
broken  bafHe,  we  have: 

temperatures.in  deg.  f. 

Pyromotor  No.  1  Pyrometer  No.  2  Pyrometer  No.  3 

Over  fires  Top  of  first  pass  Top  of  lust  pass 
Normal                     2462                                IMS  .^JS 

Abnormal  2-162  0112  177S 

IIlC.VT  AliSOUIiKD 

Xornial  c-onditions:  In  first  pass,  54  per  cent.  Firsi 
to  tliird  pass,  inclusive.  21.7  per  cent.  Total  lient  Mb- 
tiorbed,  7S.S  per  cent. 

Abnormal  conditions:  In  first  jiass — iloiililful.  'I'olal 
heat  absoi'bed,  28.2  per  cent. 

Tlie  loss  in  evaporative  effect  in  tliis  boiler,  due  to  the 
lirokeu  baffle,  was,  therefore,  roughly  in  pi-ojiortion  to  the 
licat  absorbed  or  the  difference  between  the  temi)eratures 
observed  at  the  top  of  the  last  pass,  the  ratio  being 
51.">:1778.  Tlm.s.  tlie  boiler  after  tlie  rupture  of  the 
iKifTle  showed  less  than  one-tliird  llie  efficiency  it  liad 
sliown  under  normal  conditions.  These  figures  were 
checked  by  the  readings  of  the  steam-flow  meter. 

The  point  is  that  cHicicncy  is  at  once  lowered,  often 
seriously,  when  the  jiroducts  of  combustion,  heated  ga.ses, 
are  allowed  to  pass  tbioiigh  the  beat-ali.sorbing  surfaces 
without  j)roper  contact.  The  installation  of  pyrometers 
in  the  top  of  the  last  pass,  fitted  with  recording  devices, 
if  possible,  is  a  ready  safeguard  against  operating  for 
any  length  of  time  with  baffles  out  of  order. 

The  case  here  described  is  possibly  a  somewhat  exag- 
gerated one,  but  serves  to  illustrate  the  importance  of  the 


topic  under  discussion.  '^Iiat  is  true  of  this  particular 
boiler  is  also  true  of  other  types  in  which  baffling  is  em- 
ployed in  order  that  the  contact  of  the  gases  with  the 
heat-absorbing  surfaces  may  be  kept  at  a  maximum. 

Baffles  should  be  examined  every  time  the  boiler  is 
down  for  cleaning  and  the  smallest  cracks  found  should 
at  onee  be  cemented  tightly;  it  is  at  these  small  open- 
ings that  heat,  concentrating,  gradually  forces  a  larger 
and  larger  opening  until  failure  of  the  baffle  is  the  re- 
sult. 

Pyrometer  tests  are  easily  made;  the  apparatus  re- 
quired is  not  expensive  and  the  time  required  is  prac- 
tically nil — therefore,  watch  your  baffles. 

The  Yilter  ilanufa<'turing  Co.,  ilihvaukee.  Wis.,  has  re- 
cently placed  on  the  market  an  ammonia  regenerator  to  be 
used  for  keeping  the  charge  of  ammonia  in  the  system  in 
an  anhydrous  condition.  The  regenerator  is  connected  to 
the  liquid  side  of  the  system  instead  of  to  the  suction  side, 
and  the  impure  ammonia  is  supplied  to  it  and  cleaned 
from  its  impurities  by  a  process  of  evaporation. 


TiiK  Vii.ri;K  Am;\1()Ma  IiEiiE.XEiiAToK 

Referring  to  the  illustration,  the  liquid  ammonia  with 
its  im]niritics  comes  to  the  ri'geiierator  from  the  liiiuid 
rcieivcr,  nil  druiii  (ir  amiiioiiia  ((Hideiiscr  to  the  valves  A 
or  B. 

On  entering  the  evaporating  drum,  the  ammonia  is  re- 
lieved of  the  pi'cssure  which  held  it  in  a  liipiefied  state  and 
expands  into  a  gaseous  form.  The  vapor  passes  out  of  the 
drum  through  the  valve  (,',  coiiiiecteil  to  the  nearest 
suction  line  by  a  one-inch  pipe.  To  accelerate  the 
vaporization  of  the  liquid  ammonia,  a  water  jacket  is  pro- 
vided, the  water  ix'ing  taken  from  a  feed-water  heater  or 
other  source  whose  temperature  is  from  ITjO  to  180  deg.  F. 
If  desired,  a  small  steam  pipe  may  be  connected  to  the 
water  jacket.     The  jacket  is   internal   to   the  drum,  nn 
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internal  heating  coil  or  pipe  being  avoided  to  obviate 
the  possibility  of  damage  due  to  bursting  of  the  heating 
pipe  through  freezing  of  the  water  in  it. 

The  interior  of  the  shell  has  a  cast-iron  distributing 
plate  circumferentially  perforated  and  placed  immediately 
Ijelow  the  inlet  A:  this  plate  acts  much  the  same  as  that 
in  a  puddle  carburetor.  In  operation,  the  outlet  valve  C 
is  opened  wide,  all  other  valves  being  closed.  The  water 
to  the  jacket  is  then  turned  on,  after  which  the  expansion 
cock  A  is  opened  slightly.  The  drum  will  now  commence 
to  frost,  and  the  cock  A  may  be  slowly  opened  wider  to 
increase  the  tlow  of  liquid  until  the  upper  part  of  the  drum 


becomes  frosted.  Care  .should  be  taken  that  the  frost  docs 
not  continue  along  the  suction  pipe  past  the  valve  A. 
This  may  be  controlled  by  manipulating  the  expansion 
cock. 

After  about  twenty-four  hours'  operation,  the  valve  A 
should  be  closed  until  the  frost  has  disappeared  from  the 
drum,  after  which  the  valve  B  should  be  closed  tight.  The 
blowoff  valve  is  now  opened,  and  the  impurities  or  residue 
from  the  ammonia  is  drained  from  the  drum.  If  the  am- 
monia is  very  impure,  it  will,  of  course,  require  more  than 
twenty-four  hours  to  take  out  all  of  these  impurities. 

All  the  connections  are  shown  in  the  illustration. 


( 


'©Ene  CominniOini  Elevator  Tro^Ibles 


By    AlBEKT    II.    ISHAEL 


SYNOPSIS — Besides  the  many  electrical  (rnuhhs  met 
in  caring  for  electric  elevators  there  are  also  numerous 
mechanical  ones.  The  most  important  of  these  are  con- 
sidered. The  article  is  timely,  due  to  the  icorl-men's  com- 
pensation laws  now  in  force  in  many  stales, 
m 
Testing  the  Safeties 

When  the  speed  exceeds  a  limit  set  by  the  building 
or  other  department  of  the  municipality,  the  governor 
and  the  safety  device  which  it  is  supposed  to  operate  are 
of  little  use  if  the  governor  has  not  been  adjusted  prop- 
erly. There  are  governors  which  will  not  even  rise  at 
the  desired  maximum  speed. 

The  safety  device  under  the  car,  the  guides,  the  gov- 
ernor with  all  its  parts,  and  the  governor  rope  are  surely 
most  important,  for  the  safety  of  the  passengers  depends 
upon  these  parts  being  in  good  condition.  Often  the  grip- 
ping cams  will  hug  the  governor  rope  when  the  car  over- 
speeds  but  they  will  not  grip  it;  then  the  gripping  faces 
of  the  cams  should  be  filed  to  the  right  shape  or  the  cams 
renewed.  For  this  reason,  when  making  a  runaway  test 
one  should  not  be  satisfied  with  merely  seeing  the  cams 
beginning  to  hug  the  governor  rope  when  the  speed  of  the 
car  is  near  the  maximum  allowed ;  one  should  see  the 
safety  brake  actually  throv\Ti  in  when  the  permitted  speed 
has  been  reached.  Runaway  tests  are  not  beneficial  to 
the  elevator  mechanism,  especially  to  the  guides,  and  fre- 
quently they  require  considerable  scraping  after  a  te«t. 

Usually,  the  easiest  way  of  ascertaining  the  speed  of 
the  car  is  to  make  a  heavy  chalk  mark  on  the  winding 
drum  at  a  certain  point  and  then,  by  means  of  a  good 
stopwatch,  get  the  number  of  seconds  it  takes  to  make  a 
definite  number  of  turns  of  as  nearly  constant  speed  as  is 
obtainable.     The  s])('ed   is  found  from  the  equation 

_  n  X  o  X  60 

T 

where 

R  =  Revolutions  of  drum; 

C  =  Circumference  of  drum  in  feet ; 

T  =  Time  in  .seconds  in  which  revolutions  of  drum 

were  made ; 
S  =  Speed  of  car  in  feet  per  minute. 
It  is  well  to  place  a  metal  guard  over  the  sheave  to  pre- 
vent the  governor  rope  jumping  off  and  breaking  parts 


of  the  governor  or  injuring  the  rope  after  the  governor 
has  acted. 

Wherever  an  idler  pulley  is  required  under  the  car  for 
the  governor  cable  it  should  be  securely  fastened,  other- 
wise when  the  governor  acts  it  may  fall  to  the  bottom  of,j 
the  shaft  or  injure  the  rope.  ' 

The  law  generally  requires  that  there  be  two  and  one- 
half  turns  of  governor  cable  on  the  safety  drum  when 
the  safety  has  gripped  the  guides,  but  since  the  adjust- 
ment may  change  somewhat,  one  should  unwind  the  cable 
at  regular  intervals  to  ascertain  if  there  are-  at  least  this 
many  turns.  The  reason  for  this  law  is  to  make  certain 
that  the  safety  will  grip  when  the  governor  acts. 

Cahe  of  the  Band  Brake  and  Counterweights 

It  should  be  needless  to  say  that  the  unusual  wearing 
of  the  ropes  is  sometimes  caused  by  their  rubbing  against 
some  surface  in  the  shaft.  This  fault  should  be  easily 
discovered  by  an  examination  of  the  cable  and  the  shaft. 

When  the  band  brake  has  been  removed  for  any  reason 
and  is  put  back  into  place,  one  should  make  sure  that  it 
has  not  been  bent  out  of  shape.  If  it  is,  it  nuiy  bear  hard 
in  some  places  even  though  it  may  seem  entirely  free  of 
the  pulley  and  so  cause  the  motor  to  draw  an  excessive 
current. 

The  ropes  to  the  lower  counterweights,  unless  properly 
protected  by  tubing,  may  wear  where  they  pass  through 
the  upper  counterweights.  The  tubes  should  be  long 
enough  and  clamped  to  the  lower  counterweights ;  if  al- 
lowed to  remain  loose,  they  may  themselves  prove  danger- 
ous to  the  rope. 

Each  set  of  counterweights  should  always  be  securely 
bolted  together.  In  old  installations  where  this  has  not 
been  done,  they  should  be  strapped  together  with  strong 
iron  bands.  The  importance  of  this  will  be  seen  if  we 
imagine  the  car  stopped  suddenly  near  the  bottom  of  the 
shaft  by  the  safety,  and,  due  to  the  sudden  shock,  some 
weights  are  shaken  off  and  dropped  down  the  shaft  onto, 
and  perhaps  through,  the  roof  of  the  car. 

Bent  and  Worn  Guide  Shoes 

Now  and  then  the  guide  shoes  will  be  found  too  loose 
or  too  tight,  out  of  line  or  broken  or  worn  to  such  an 
extent  that  they  require  replacing.  A  broken  shoe-spring 
may  be  the  cause  ot  the  looseness.    WHien  the  spindles  of 
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the  shoes  are  found  bent  it  may  generally  be  shown  that 
the  car  has  run  into  the  o\erheacl  work  or  struck  bottom 
at  some  time  or  other.  When  the  upper  shoes  are  bent 
from  this  cause,  the  grating  is  frequently  bent  upward. 

The  guides  frequently  become  troublesome  through  no 
fault  of  their  own,  especially  if  they  are  insufficiently 
lubricated  or  if  a  bent  shoe  starts  scraping.  When  first 
installed,  they  should  have  the  proper  strength  and  be  se- 
curely fastened  to  the  girders;  if  this  is  not  done,  there 
may  be  a  considerable  wreck  when  the  first  runaway  test 
is  made  by  the  building  department  inspectors. 

A  loose  grating  at  the  top  of  the  shaft  is  not  an  uncom- 
mon source  of  danger  to  the  passengers,  the  operator  and 
to  those  whose  duty  it  is  to  examine  the  overhead  work. 
Since  it  is  so  easily  remedied,  a  loose  grating  should  never 
be  allowed  to  continue. 

The  latches  on  ordinary  doors  are  a  source  of  peril 
to  inquisitive  people.  When  the  latch  is  so  worn  that  it 
will  no  longer  lock  properly,  persons  are  likely  to  look 
into  the  hatchway  with  the  all  too  often  fatal  result.    A 


person  who  is  ignorant  enough  to  put  his  head  through  a 
hole  in  i  door  to  see  whether  the  car  is  coming  will 
surely  not  hesitate  to  open  the  door  if  he  can. 

Proper  oiling  of  the  various  parts  is  essential  whether 
the  parts  in  contact  are  frequently  in  motion  or  not.  A 
part  not  oiled  will  sometimes  rust  until  it  becomes  im- 
movable. This  is  particularly  so  of  those  belonging  to  the 
governor  mechanism  and  the  safety  drum  under  the  car. 
The  lack  of  oil  on  the  latter,  together  with  the  water  al- 
lowed to  seep  through  a  nonw'aterproof  floor,  will  in  most 
cases  produce  corrosion  of  the  machinery.  The  writer  re- 
calls one  occasion  where  a  worm-gear  shaft  bearing  was 
allowed  to  become  so  hot  at  the  rear  end,  due  to  the  lack 
of  oil  in  the  gear  case,  that  the  bearing  metal  "froze"  to 
the  shaft  when  the  machine  stopped. 

Systematic  inspections  at  regular  intervals  by  reputable 
insurance  companies  should  always  be  welcome.  The  pro- 
fessional inspector  will  find  troubles  which  would  prob- 
ably remain  undiscovered  for  a  long  time  if  the  inspec- 
tions were  left  to  the  house  force  alone. 


mzo  Jr. 


SYNOPSIS— Will  Quiz,  Jr.,  irants  to  venfij  Chief 
TeUer'g  statement  in  a  previous;  chat  to  the  effect  that 
the  boiler  is  a  more  efficieiit  machine  than  the  engine; 
and,  true  to  his  nature,  asks  more  questions. 


"One  statement  you  made  lately  seems  strange  to  me." 

"What  was  that,'  Will  ?"' 

"You  said  the  boiler  was  a  more  efficient  piece  of  ap- 
paratus than  the  engine;  can  you  show  me?" 

"That's  right,  Will ;  take  as  little  as  possible  for 
granted;  there  are  some  things  which  must  be  taken  on 
stalement  for  the  time  being,  but  they  should  be  looked 
into  and  i)roved  or  disproved  later. 

"Let's  see,  we  found  that  14,070  B.t.u.  coal  theoret- 
ically should  evaporate,  from  and  at  213  deg.,  14.5  lb. 
of  water  per  pound  of  coal,  ^\^lat  is  the  best  boiler-test 
(vaporation  you  can  remember  just  now,  Will?'' 

"It  seems  to  me  it  was  nearly  12  lb.;  11.0  would  be 
equal  to  80  per  cent,  efficiency,  would  it  not?" 

"Yes;  but  80  per  cent,  is  liigh  for  everyday  practice. 
Suppose  we  use  about  9.5  lb.  evaporation,  which  would 
be  ai)out  65  per  cent.,  or,  expressing  it  in  the  same  way 
that  we  did  in  the  first  instance,  where  the  actual  heat 
("ncrgy  in  a  pound  of  coal  is  equal  to  5.5  hp.  for  an 
hour,  the  heat  energy  delivered  in  the  form  of  steam  by 
the  boiler  at  f!5  per  cent,  elficicncy  is  equal  to  about  3.5 
lip.-hr.  Now,  how  does  the  engine  use  the  heat  sent  to 
it?  Suppose  the  engine  uses  19  lb.  of  steam  per  horse- 
power-hour, or  twice  9.5  II).,  the  boiler's  output  in  evap- 
oration per  pound  of  coal,  or  twice  the  3.5  hp-hr.  re- 
ferred to.  Then  the  engine  gets  enough  heat  energy  to 
produce  '/  lip.  for  an  hour  and  only  delivers  one — i.e.,  2 
lb.  of  coal,  or 

14,070  X  2  X  0.65  =  18,291  B.t.u.  X  778 
(the  mechanical  equivalent)  divided  by  1,980,000  ft.-lb. 
\>QV  hp.-hr  =  7.     In  other  words,  the  engine  requires 


seven  times  the  heat  it  should,  or  is  aiiout  14.3  per  cent, 
efficient.  The  best  engines  only  transform  about  20  per 
cent,  of  the  heat  energy  supplied  to  them  into  work,  and 
many  do  no  better  than  4  or  5  per  cent.  The  steam  en- 
gine, in  fact,  all  kinds  of  engines,  are  simply  heat  mo- 
tors, and  the  loss  in  the  heat  contained  in  the  fluid  in 
passing  through  as  compared  with  the  power  output  is 
the  measure  of  elHciency. 

"Since  2545  B.t.u.  equals  1  hp-hr.,  that  is  the  amount 
chargeable  to  useful  work,  and  all  the  rest  is  wasted  in 
friction,    radiation   and    the   e.xhaust   steam." 

"But,  Chief,  the  dift'erence  in  the  total  heat  in  19  lb. 
of  steam  at  the  difl'erent  pressures  by  the  tal)le  does  not 
allow  enough   B.t.u.  for  a  horsepower-hour." 

"No,  it  is  the  latent  heat  in  that  part  of  the  steam 
v.hieh  has  returned  to  water,  or  the  degree  of  wetness  of 
the  exhaust  steam,  which  accounts  for  the  B.t.u.  used. 
In  the  case  cited  of  19  lb.  of  steam  per  horsepower-hour, 
you  would  find  about  2%  lb.  of  steam  had  given  up  its 
latent  heat  and  become  water.  This  gives  the  same  re- 
sult as  before — that  is,  a  little  over  14  per  cent,  efficiency 
for  tlie  engine;  14.3  per  cent,  of  19  =  2.72  lb." 

"But.  Chief,  suppose  the  exhaust  steam  is  used  for 
heating  buildings;  then  the  engine  would  not  be  charged 
with  llio  heat  in  the  exhaust  steam  and  its  efficiency 
would  be  called  85.7  per  cent." 

"Yes.  Will,  looking  at  it  that  way  it  is  good,  and  I 
nm  glad  you  caught  that  point,  because  if  the  exhaust 
is  made  use  of  for  heating  or  other  useful  work,  not 
simply  condensed,  then  the  engine  is  not  to  be  charged 
with  more  than  the  heat  actually  lost  in  it,  which,  as 
you  have  seen,  is  not  xuuch  in  e.xcess  of  the  energy  re- 
produced in  the  form  of  work.  But  the  boiler  is  charged 
with  all  the  heat  wasted  in  producing  steam,  including 
the  waste  iu  the  stack  gas,  so  for  comparison  the  engine 
as  a  unit  must  be  charged  with  all  the  heat  delivered 
to  it." 
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By    OsBORN   "^fONNETTJ 


SYNOPSIS — How  this  type  of  stoker  shovld  be  set  under 
retiirn-tuhular  and  water-tube  boilers.  Full  instructions 
for  smokeless  operation. 

m 

Under  this  classification  come  all  stokers  of  the  inclined 
type  fitting  in  at  the  front  of  the  boiler  and  having  a 
shaking  or  dumping  grate  at  the  bottom  near  the  bridge- 
wall.  One  of  the  principal  points  in  its  design  is  not 
to  get  the  angle  of  inclination  great  enoiigh  to  cause  ava- 
lanching  of  the  coal  and  at  the  same  time  have  the  angle 
sufficient  so  that  the  fuel  will  feed  freely  without  ha\'ing 
to  be  pushed  in  by  hand  from  the  front. 

Moore  Stoker 

This  consists  of  a  series  of  cast-iron  steps  at  a  general 
angle  of  about  ;;TV2  cleg.    Water  ciTcitlation,  passing  from 


Fig.  1.     MooRE  Stoker  uxder  PiETiTtx-TuBULAE 
Boiler 

the  lowest  step  upward  in  regular  order  to  the  top  step 
and  then  to  tlie  gate,  is  pro\"ided.  In  between  the  cast-iron 
water-cooled  steps  are  pushers  made  to  withstand  the 
action  of  the  heat,  formally  they  rest  at  a  point  not  sulj- 
jected  to  high  temperature  and  are  only  in  the  fire  long 
enough  to  push  the  coal  from  one  step  to  another,  ac- 
cording to  the  demand  for  steam. 

The  dumping  arrangement  consists  of  a  cast-iron  fire- 
brick-lined carrier  on  wheels,  which  can  be  pulled  out 
from  in  front  by  a  hand  lever.  The  operation  is  simple 
and  no  cleaning  is  required,  the  clinker,  if  any,  forming 
in  the  shape  of  small  lumps  the  size  of  a  man's  fist  and 
dropping  into  the  ashpit. 

When  installing  this  stoker  under  a  horizontal  return- 
tubular  boiler,  the  chief  requisite  is  to  have  sufficient 
headroom  for  an  ignition  arch  over  the  grate.  The 
stoker  is  set  flush  front  and  48  in.  is  all  that  is  re- 
quired  for  a   72-in.   by    18-ft.    boiler.      This   unusually 

•Copyright,  1914,  by  Osborn  Monnett. 
tSmoke  inspector,  City  of  Chicago. 


low  headroom  gives  the  stoker  certain  advantages  when  ap- 
plied to  settings  limited  in  height  or  to  exi.sting  liand- 
fired  plants  .set  too  low  for  good  hand-fired  furnace  de- 
sign. In  the  case  of  laundries  or  dye  houses,  the  hot 
water  from  tlie  stoker  can  be  used  to  advantage  in  the 
manufacturing  processes,  while  in  other  cases  it  is  avail- 
able for  feed  water.    The  stoker  eliminates  the  human  ele- 


Moore  Stoker  uxdee  Heixe  Boiler 


ment  to  a  large  extent.  It  requires  no  poking  and  the 
cleaning  period  consists  of  dumjnng  the  ash  from  time 
to  time.  Fig.  1  shows  an  installation  under  a  return-tubu- 
lar boiler.  The  high  bridge-wall  has  as  good  an  effect 
on  the  performance  of  the  stoker  as  with  the  chain  grate 
or  a  hand-fired  furnace.  Limitation  to  the  height  of  the 
bridge-wall  is  the  necessity-  of  leaving  above  it  an  area 
not  less  than  25  per  cent,  of  the  grate  surface. 

Fig.  2  shows  a  ]\Ioore  stoker  applied  to  a  horizontally 
baffled  water-tube  boiler  of  17.3-hp.  capacity.  The  grate 
surface  is  401^  sq.ft.  and  from  the  floor  line  to  the  bot- 
tom of  the  front  header  the  distance  is  60  in.  The  box 
tiles  on  the  water  tubes  act  as  the  ignition  arch  and  give 


Fig.  3.     Returx-Tcbular  Boiler  Equipped  with     . 
RoNEY  Stoker  axd  Deflection  Arch 

enough  flame  travel  to  mix  the  gases.  The  stoker  can  be 
placed  under  any  water-tube  boiler  and  the  low  head- 
room maintained  if  the  boiler  is  horizontally  baffled. 
An  installation  under  a  vertically  baffled  boiler  should 
not  be  attempted  without  a  long  ignition  arch  sprung  over 
the  furnace  and  a  headroom  of  at  least  9  ft.  G  in.  under  the 
front  header. 
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Feed  ashes  into  the  hopper  until  the  grates  are  covered 
and  start  a  fire  at  the  grate  with  oily  waste  or  with  live 
coals  from  another  furnace.  When  the  coal  or  waste 
has  ignited,  feed  the  stoker  slowly  by  hand  until  a  good 
bed  of  fuel  is  on  the  grates.  Then  open  the  damper  and 
let  the  engine  run  the  stoker  in  the  usual  way.  When 
ashes  accumulate  on  the  dump  grate,  pull  out  the  lever 
provided  for  the  ]iur]iose  of  dropping  them  into  the  ash- 


4.     RoNEY  Stoker  and  Two-Span  Deflection 
Arch  under  185-Hp.  Kboeschell  Boileu 

pit.  Regulate  the  speed  of  the  engine  in  accordance 
with  the  demand  for  steam  and  keep  the  grates  as  nearly 
covered  as  possible.  There  is  no  cleaning  period  for  this 
stoker  and  no  necessity  for  working  it  from  the  sides. 
To  make  it  smoke-proof,  the  damper  should  not  be  closed 
when  any  considerable  quantity  of  fresh  coal  is  on  the 
grates. 

Banking  and  Breaking  Up  Fiue 
Feed  in  a  considerable  quantity  of  coal  rapidly  with  the 
hand  lever.     Close  the  damjjer  and  leaxe  the  water  cir- 
culation on  the  grates. 


Fio.  .-).     Honey  Stokhi;  wd  \'kiiiu  ally  Haiflkd  H.  & 

W.    BoiLKR 

Wiicn  breaking  up  the  fire,  open  the  damper  and  wait 
until  the  fuel  has  ])roperly  ignited  before  regular  opera- 
tion i.s  resumed.  When  starting  the  fire  on  a  Moore  stoker, 
always  be  sure  tiiat  the  water  circulation  is  turned  on  and 
have  the  outlet  in  such  a  |)ositi()n  that  the  overliow  can 
bo  seen  at  a  glance  by  tbc  (ireniaii. 

KoNEY  STOKKliS 

\  Roney  stoker  under  a  return-tubular  boiler  is  shown 
in  Fig.  .'}.    The  headroom  is  that  required  to  get  in  the 


ignition  arch  under  the  shell  of  the  Iwiler.  This  can 
usually  be  done  on  "I'Z  in.  when  it  is  possible  to  excavate 
the  ashpit  to  some  extent.  In  the  particular  instance 
shown  in  Fig.  ;>,  the  headroom  is  81  in.,  due  to  the  reliev- 
ing arch.  In  operating  this  stoker,  there  are  times  when 
an  excessive  amount  of  volatile  matter  is  likely  to  be 
driven  off.  A  successful  safeguard  in  taking  care  of  these 
periods  is  shown  in  Fig.  3  in  the  form  of  a  two-span 
deflection  arch  behind  the  bridge-wall.  This  breaks  up 
the  gases  and  has  been  a  great  help  in  running  such  a 
setting  clean. 

In  applying  the  Honey  stoker  to  water-tube  lioilers  it  is 
generally  safer  to  use  the  horizontal  baffle  in  cases  where 
the  smoke  question  is  of  prime  importance.  Fig.  4  indicates 
a  tv'pical  installation  of  this  stoker  under  a  Kroeschell 
boiler,  set  6  ft.  G  in.  from  the  floor  line  to  the  front 
header,  with  an  excavated  ashpit.  Behind  the  bridge- 
wall  is  a  two-span  deflection  arch  with  an  area  under  the 
arch  equal  to  50  per  cent,  of  the  grate  surface. 


Fiu.  6.     WiCKES  Vertical  Boiler,  350  H.P.,  Served  by 
Roxey  Stoker 

With  vertically  balllcd  water-tube  boilers  the  prime 
necessity  is  flame  travel.  This  can  be  obtained  only  by 
setting  the  boiler  high  enough  so  that  combustion  will  be 
completed  before  the  gases  enter  the  bank  of  tubes. 
Fig.  5  gives  the  details  of  such  a  setting.  The  boiler 
is  of  the  B.  &  W.  type,  set  10  ft.  above  the  floor.  This 
should  be  the  niininnini  headroom' allowed  for  this  type 
(if  ijoiler.  Set  in  this  way,  with  good  i)ridge-wall  design, 
the  flame  travel  is  sufficient  to  give  good  results. 

In  the  case  of  vertical  boilers,  it  is  a  simple  matter  to 
iipply  the  Roney  .stoker  and  get  all  the  flame  travel  neces- 
sary. Fig.  6  shows  a  typical  illustration  of  the  stoker 
under  a  Wickes  boiler.  In  this  installation  the  high  ver- 
tical bridge-wall  reflecting  its  intense  heat  onto  the  grates 
is  an  important  factor  in  smokeless  operation.  Also,  it 
]irovides  an  obstruction  against  which  the  gases  must 
im]iinge  before  passing  to  tlie  heating  surface,  so  that  a 
more  thorough  mixture  of  the  gases  is  obtained.  This  is 
of  special  ini]K)rtance  when  an  excessive  amount  of  vola- 
tile nuitter  is  passing  oil". 

How  to  Oi'Kijatk  a  Ronky  STOKKI! 

After  the  grate  has  been  covered  with  coal  and  a  fresh 
wood  fire  started  on  top  of  the  fuel,  open  the  damper 


ru 


POWER 


Vol.  40,  No.  20 


partly  until  the  fuel  has  been  completely  ignited.  Then 
tlie  clamper  can  be  opened  wide  and  the  stoker  fed  slowly 
until  the  arch  is  heated  up.  As  in  chain-grate  opera- 
tion, the  grates  should  be  kept  as  thoroughly  covered  with 
fuel  as  possible,  considering  the  load,  as  cold  air  coming 
up  through  any  part  of  the  fuel  bed  will  interfere  with 
efficiency.  This  can  be  regulated  by  the  frequency  of 
the  feed. 

Cleaning  Fikes 

First,  pull  up  and  fasten  the  rods  that  lift  the  guard 
grates.  Tliis  will  break  the  clinker  free  from  the  grates, 
permitting  the  refuse  tc  drop  into  the  ashpit  when  the 
dumping  grates  are  tipped.  The  guard  grates  should 
be  kept  in  the  upper  position  until  the  dumping  grates 
are  closed,  to  prevent  live  coals  on  the  lower  grates  from 
dropping  into  the  ashpit.  If  a  clinker  should  catch  on  a 
dumping  grate,  break  it  loose  and  pull  it  out  with  a  hook, 
but  do  not  disturb  the  fire  on  the  upper  grate.  After  the 
ashes  have  been  dumped,  close  the  dumping  grates,  then 
unliook  the  guard-grate  rods  and  return  them  to  their 
normal  position.  If  the  cleaning  is  done  properly,  there 
will  be  no  necessity'  of  poking  the  fire  to  cover  the  lower 
grates.  Poking  a  Roney  stoker  is  one  of  the  most  fre- 
quent causes  of  smoke. 

Do  not  shake  the  guard  grates  in  an  effort  to  get  out  all 
of  the  clinker,  because  in  so  doing  good  coal  will  drop 
into  the  ashpit  and  the  lower  part  of  the  grates  will  become 
uncovered.  Only  clean  one  furnace  at  a  time  and  allow 
a  considerable  interval  to  elapse  before  working  another 
fire. 

Never  work  a  fire  through  the  side  inspection  doors, 
as  this  causes  the  coal  to  avalanch  and  produce  smoke. 
Regulate  the  length  of  the  fire  by  the  speed  of  the  stoker 
and  do  not  poke  between  the  bars  from  the  front; 
this  frequently  causes  a  large  part  of  the  fire  to  slide 
down  on  the  grates  and  a  considerable  quantitj-  of  fresh 
coal  to  be  dumped  suddenly  into  the  fire,  causing  smoke. 
If  a  sudden  demand  for  steam  occurs,  speed  up  the 
stoker.  In  case  the  steam  pressure  goes  up,  do  not 
shut  the  ashpit  doors  but  slow  down  the  stoker  to  prevent 
popping.  In  case  the  steam  pressure  still  goes  up,  stop 
the  stoker  entirely  and  after  the  volatile  matter  is  burned 
off,  carefully  close  the  damper.  Do  not  close  the  damper 
on  a  tloick,  heavy  fire  containing  fresh  coal,  as  smoke  will 
be  made.  Always  leave  the  ashpit  doors  and  dampers  wide 
open  on  a  normal  working  load. 


A  soot  blower  for  return-tubular  boilers,  wliicli  is 
mounted  on  the  flue-cap  door  and  can  be  ope  ated  while 
the  boiler  is  in  operation,  has  been  completed  recently 
by  the  Bennett-Dluge  Co.,  of  Detroit,  ilich. 

The  construction  and  arrangement  are  shown  in  Figs. 
1  and  2.  Primarily,  the  blower  consists  of  a  square 
telescoping  arm  provided  with  a  number  of  steam  jets. 
Bj'  means  of  gearing  and  a  handwheel  exterior  to  the 
boiler,  the  arm  is  moved  across  the  face  of  the  tubes.  Ito 
movement  is  guided  by  the  cam  track  shown  in  Fig.  1, 
the  path  of  the  extreme  jet  being  indicated  by  the  dotted 
line.  The  blower  is  mounted  in  a  bracket  bolted  to  the 
door  and  through  the  supporting  pipe  steam  is  admitted 
to  the  arm.  With  the  number  of  jets  shown,  all  blowing 
at  one  time,  one  passage  of  the  arm  over  the  flue  sheet 


Fig.  1.     Telescopixg  Arm  anu  Cam  Tkack 


Fig.  2.  Steam  Jets  ox  the  Square  Telescoping  Arms 

covers  all  of  the  tubes.  As  shown  in  Fig.  2,  the  jets  are 
close  to  the  flue  sheet  and  blow  into  the  tubes.  Un- 
screwing the  union  at  A  allows  the  door  and  the  blower 
to  swinor  clear. 


stored  Heat — In  Germany  a  state  dinner  was  to  be  given 
in  a  castle  which  had  no  heating  system.  The  engineers  were 
asked  to  heat  the  building  for  the  dinner;  but  it  was  specified 
that  no  portion  of  the  heating  system  was  to  be  visible  in 
the  room.  The  result  was  accomplished  by  means  of  stored 
heat.  For  a  number  of  days  previous  to  the  dinner,  the  floor 
of  the  dining  room  was  covered  with  steam  pipes  and  these 
pipes  were  kept  hot  by  means  of  a  temporary  boiler.  The 
day  before  the  dinner  all  the  pipes  were  removed  and  the 
stored  heat  in  the  walls  maintained  the  room  in  a  perfectly 
comfortable  condition  for  a  number  of  days,  although  the 
outside   temperature   was   well   below   the   freezing  point. 


.November  IT,  1914 


P  0  W  E  R 


715 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiniii Niiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

Curves  of  ttSne  Propenlies  oi 


By  Julian  C.  Smallwood 


iiNiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 

Temperature  and   Heaf  of   Liquid 

180       200       220       240       260       280      300     320      340      360     380 
Latent     Heat 
640       860       880       900        920        940       950        380 


FOR  certain  classes  of  work,  it  is  desirable  to 
hav'e  approximate  data  upon  the  properties  of 
steam,  obtainable  for  rough  calculations  without 
the  necessity  of  hunting  up  steam  tables;  for 
steam  engineers, 
especially,  a 
pocket  reference 
giving  such  data 
is  often  as  im- 
portant an  item 
of  personal 
equipment  as  a 
slide  rule.  On 
this  account  the 
accompanying 
chart  based  on 
"Marks  and 
Davis  Steam 
Tables"  has 
been  carefully 
prepared. 

By  its  use,  the 
heat  quantities 
may  be  read  to 
the  nearest  unit ; 
that  is,  to  with- 
in one  -  half  of 
one  B.t.u.  or  de- 
gree F.  for  any 
pressure  be- 
tween one  and 
230  pounds  ab- 
solute.  The 
upper  part  of 
the  chart  deals 
with  pressures 
above  atmos- 
phere, and  the 
lower  part,  pres- 
sures below  at- 
mosphere. 

To  use  the 
chart,  find  the 
given  pressure 
on  the  left-hand 
scale,  and  follow 
the  horizontal 
line  at  this  pres- 
sure until  it  in- 
tersects the 
curve  of  the 
property 
sought;  then  fol- 
low vertically  to 
the  corresjiond- 
ing  scale. 

If  tempera- 
ture is  given  in- 
stead of  pres- 
sure, use  the 
temperature 
curve  in  place  of 
the  scale. 


Example  1 — Find  the  latent  heat,  density,  temper- 
ature, heat  of  the  liquid,  and  total  heat  of  steam  at  155 
lb.  absolute. 

Solution— For    155   lb.    it 
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Temperature  and  Heotof  liquid 
90        110        130       150        170 
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necessar}^  to  m- 
terpolate  be- 
tween the  150 
and  1  60-lb. 
lines.  This 
would  cross  the 
latent  heat 
curve  between 
the  ordi nates 
860  and  865 
B.t.u.,  corre- 
sponding to 
about  861  B.t.u. 
Similarly,  it 
would  cross  the 
density  curve  at 
0.342,  the  tem- 
perature curve  at 
361  deg.  F.,  the 
heat  of  liquid 
curve  at  333  B.- 
t.u., and  the  to- 
tal heat  curve  at 
1194  B.t.u. 

Example  2 — 
Find  total  heat 
in  1  lb.  of  steam 
at  193  deg.  F. 

Solution — 
As  193  deg.  is 
below  212, 
which  corre- 
sponds to  at- 
mospheric 
steam,  we  must 
look  to  the  low- 
er part  of  the 
chart  covering 
pressures  below 
atmosphere. 
The  193-deg. 
point  is  found 
on  the  tempera- 
ture  curve 
where  it  inter- 
sects the  line  of 
10-lb.  pressure. 
Following  this 
pressure  line 
horizontally  to 
the  total  heat 
curve,  we  find 
1143  B.t.u. 

The  proper- 
ties of  wet  steam 
may  be  readily 
calculatcfl  when 
the  percentage 
of  moisture  is 
known. 
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The  Aggregate  Power  of  the  Automobile  Engines  Manufactured  Last  Year  in  This  Country  Is 
Equivalent  to  Twice  the  Potential  Poweuof  Niagara  Falls,  oe  13,500,000  Horsepower 
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>YXOPSIS — Causes  of  sliort-circuits  in  armature  coils, 
their  si/mptoms  and  how  repairs  may  be  made. 
W. 
A  short-circuit  in  an  armature  may  be  caused  in  sev- 
eral ways:  First,  one  or  more  turns  of  the  same  coil 
may  come  in  contact  with  each  other,  as  indicated  by  the 
(lotted  line  s,  Fig.  1.  This,  however,  can  occur  only  where 
the  armature  coils  arc  wound  with  more  than  one  turn.  To 
eliminate  complications  in  the  diagram,  the  winding  is 
shown  with  only  one  turn  per  coil,  which  is  the  case  in 
large  machines  or  those  wound  for  low  voltages.    A  condi- 


detected  and  repaired.  Usually  the  faulty  coil  can  be  eas- 
ily located  by  rimning  the  machine  for  a  short  period,  say 
half  a  minute,  and  then  feeling  with  the  hand ;  the  defec- 
tive coil  will  be  much  hotter  than  the  others.  Care  should 
be  taken  in  doing  this,  for  the  excessive  heat  generated 
in  the  defective  coil  will  soon  spread  to  the  adjacent  coils. 
If  there  is  any  doubt  as  to  the  defective  coil,  the  arma- 
ture should  be  allowed  to  cool,  and  the  test  repeated. 
Another  indication  of  the  defective  coil,  is  a  softening  of 
the  insulating  compound  in  the  insulation,  and  some- 
times smoke  emanating  from  the  coil,  if  the  armature  has 
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tion,  as  shown,  will  cause  excessive  heating  of  the  faulty 
<oil,  and  will  burn  it  out  in  a  short  time. 

The  cause  of  the  heating  in  the  coil  will  be  under- 
stood, when  it  is  remembered  tliat  the  faulty  coil  makes 
a  closed  circuit  on  itself.  Consider  tiie  winding  moving 
l)y  the  pole  pieces  in  a  ilirccti.in  indicated  l)y  the  arrow  /. 
in  which  case  conductors  under  tiie  respective  poles  will 
have  electromotive  force  induced  in  tiiem,  as  shown  by 
the  arrow-heads.  This  will  make  brusJies  B^  and  B,  positive 
and  /ij  and  Bf  negative  terminals,  but  no  current  can  flow 
through  the  winding,  until  tlie  external  circuit  is  closed. 
If  coil  7  is  closed  as  inilicated  by  the  dotted  line  s, 
a  current  will  flow  around  in  the  coil,  and  as  the  resistance 
of  the  coil  is  low,  the  current  will  soon  reach  a  value 
sufficietit  to  increase  the  temperature  to  a  point  where  it 
will  destroy  the  insulation,  and  may  also  destroy  other 
coils  located  in  that  region,  unless  the  faulty  coil  i.s  soon 


been  allowed  to  run  too  long  while  making  the  test.  If 
the  coil  is  burned  out,  it  is  easily  detected  by  the  charred 
condition  of  the  insulation. 

After  the  delective  coil  is  located,  to  repair  it  will  neces- 
sitate removing  the  armature  from  the  machine,  taking 
out  the  coil  and  cither  making  a  new  one  or  re-insulating 
the  defective  one,  and  placing  it  back  in  the  winding.  This 
requires  considerable  time  and  it  may  be  inconvenient  to 
have  the  machine  out  of  service  for  so  long  a  period.  Fig. 
2  siiows  a  rougli  and  rpiick  way  in  wliich  this  defect  can 
usually  be  eliminated  : 

First,  cut  the  coil  in  two ;  this  can,  in  most  cases,  be  be.«t 
done  on  the  hack  i^nd  of  the  armature,  as  at  .r,  in  coil  7. 
Tiiis  opens  the  short-circuit  but  leaves  the  coil  open-cir- 
cuited, which  will  have  the  same  cflfect  as  that  described 
in  Fig.  T,  Part  1.  If  the  machine  is  started  and  run  for 
4  few  minutes,  a  burnt  spot  will  occur  on  the  commutator 


718 


1'  0  W  E  E 


Vol.  40,  No.  20 


between  the  terminals  of  the  defective  coil,  in  this  case 
between  segments  d  and  e.  By  connecting  segments  d 
and  e  together,  as  shown  by  the  dotted  line  s,  the  open 
circuit  is  closed,  and  so  far  as  the  satisfactory  opera- 
tion of  the  machine  is  concerned,  it  will  be  the  same  as 
before  the  trouble  occurred,  and  machines  have  been 
known  to  operate  satisfactorily  for  years  with  just  such  a 
repair. 

If  the  armature  is  series-wound,  a  better  way  of  re- 
pairing the  open  circuit  would  be  as  described  in  Fig.  6, 
Part  1.  In  some  cases  the  conductors  in  each  half  of 
the  coil  may  be  twisted  or  soldered  together:  this  will 
close  the  open  circuit  and  eliminate  its  repair  at  the  com- 
mutator. 

Second,  a  short  between  two  of  the  commutator  bars, 
as  indicated  at  x.  Fig.  1,  will  short-circuit  coil  13,  the 
arrow-heads  indicating  the  closed  circuit.  This  will  cause 
heating  of  coil  15,  although  not  to  such  an  extent  as  the 
short-circuit  in  the  coil  itself.  This  short-circuit  between 
commutator  segments  is  usually  caused  by  the  mica  be- 
tween them  carbonizing.  The  carbonized  mica  represents 
a  large  percentage  of  the  total  resistance  in  the  coil  circuit, 
which  keeps  the  current  down  to  a  lower  value  than  it 
would  be  if  the  coils  were  short-circuited  copper  to  cop- 
per. This  point  of  comparatively  high  resistance  usu- 
ally increases  the  temperature  of  the  commutator  seg- 
ments between  which  the  short-circuit  occurs  to  such  an 
extent  that  they  force  up  higher  than  the  rest,  and, 
if  not  detected,  the  segments  may  rise  up  far  enough  to 
destroy  the  brushes.  In  one  case  that  the  writer  can  re- 
call, the  brushes  knocked  two  segments  out  of  the  commu- 
tator when  they  were  forced  up  higher  than  the  rest,  due 
to  a  short-circuit  between  the  bars. 

Trouble  of  this  nature  in  most  cases  can  easily  be  lo- 
cated and  repaired  by  sawing  down  the  mica  between 
the  commutator  bars  with  a  hacksaw  blade,  until  the  de- 
fective mica  is  all  removed,  then  drive  a  piece  of  sheet 
mica  into  the  defect  and  file  the  high  bars  down  to  a  level 
with  the  rest  of  the  commutator.  If  the  defect  cannot  be 
repaired  in  tlris  way,  one  of  the  coil  leads  may  be  removed 
from  either  one  of  the  segments  between  which  the  fault  is 
located  as  at  r.  Fig.  2,  and  the  two  segments  may  then  be 
connected  permanently  together.  TMs  necessitates  the  loss 
of  a  good  coil  in  the  armature.  To  avoid  the  loss  of  the 
coil,  both  coil  leads  could  be  removed  from  either  segment, 
the  two  leads  connected  together  as  shown  at  u,  and  the 
two  segments  between  which  the  defect  is  located  soldered 
together.  This  method  is  defective  in  that  it  doubles  the 
potential  between  the  segments  i  and  j.  If  the  insulation 
of  the  commutator  is  poor,  this  may  cause  another  break- 
down bet^veen  these  two  segments,  and  on  this  account  it 
may  be  better  to  leave  the  coil  out  of  circuit  entirely,  as 
shown   at   r. 

Third,  a  short-circuit  may  occur  between  the  leads 
of  two  coils  located  in  different  parts  of  the  armature, 
as  at  s.  Fig.  3,  or  between  the  two  coils  in  the  same  slot, 
as  shown  at  t;  in  either  case  this  short-circuits  a  group  of 
coils,  which  will  have  the  effect  of  a  heavy  overload  on  the 
machine.  If  in  a  generator,  it  will  fail  to  generate,  and 
if  the  fields  are  excited  from  an  outside  source,  the  prime 
mover  will  have  difficulty  in  bringing  the  machine  up  to 
speed.  If  in  a  motor  the  machine  will  start  with  a  jerk 
and  will  draw  excessive  current  from  the  line,  which  will 
soon  cause  excessive  heating  in  the  starting  device  and 


will  blow  the  fuse  before  many  points  of  the  starting  re- 
sistance are  cut  out. 

A  test  may  be  made  for  such  a  condition  by  excitini; 
the  fields  from  an  outside  source,  and  then  turning  the 
armature  by  hand.  If  there  is  a  short-circuit  between 
coils,  as  shown  in  Fig.  3,  the  armature  will  turn  harder 
at  some  points  of  the  revolution  than  others.  The  cause 
of  this  is  that  when  the  group  of  short-circuited  coils 
are  under  the  pole  pieces,  current  is  generated  in  them 
of  a  direction  which  opposes  the  turning  effect  applied 
to  the  armature.  When  the  group  is  between  the  pole 
pieces,  no  current  is  set  up  in  the  coils  and  the  armature 
requires  less  effort  to  turn  it. 

Cross-connected  coils  will  cause  serious  sparkino;  at  the 
brushes.  This  is  the  fault  of  the  individual  who  made 
the  connections  between  the  coils  and  commutator,  and  if 
the  armature  is  carefully  tested  in  the  shop  it  should 
never  get  out  in  this  condition.  Fig.  4  illustrates  two 
ways  in  which  tliis  mistake  may  occur.  At  segments  c 
and  d,  the  two  leads  to  each  commutator  segment  are 
shown  interchanged,  while  terminals  of  coil  14  are 
shown  reversed  at  k  and  I.  The  first  will  cause  sparking 
at  tlie  brushes  only,  while  tlie  second  also  causes  local  cur- 
rents to  flow  in  the  armature,  which  will  cause  heating. 


A  type  of  Van  Stone  joint,  known  for  a  number  of 
years  as  the  improved  reinforced  lap  joint,  is  made  by 
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spot  welding  a  collar  to  tlie  end  of  the  pipe,  which  is  then 
flanged. 

After  flanging,  the  joint  is  faced  on  the  front,  edge 
and  back  and  turned  on  a  regular  taper  to  the  end  of  the 
collar  to  fit  a  correspondingly  tapered  bored  flange.  The 
matcliing  is  done  so  that  a  neat  fit  is  obtained  between 
the  pipe  joint  and  the  flange. 

This  joint  gives  about  one  and  a  half  times  the  thick- 
ness of  full-weight  pipe  on  the  face  and  double  the  thick- 
ness of  the  pipe  through  the  curve.  The  joint,  see  il- 
lustration, is  manufactured  by  W.  K.  Mitchell  &  Co., 
Inc.,  Twenty-ninth  and  Ellsworth  Streets,  Philadelphia, 
Penn. 


November  IT,  li)  14  POWER  710 

gliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


;dlittorial^ 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimniiiiiiiiiiiiin^ 


Clean  paint  and  brightly  polished  metals  do  not  make 
an  engine  run  any  better.  No  more  does  a  white  tongue 
nor  a  yellow  complexion  cause  sickness,  but  where  these 
are  seen  they  are  evidences  of  something  wrong  some- 
where that  does  result  in  illness.  We  are  admonished  not 
to  judge  by  outward  ajjpearances,  but  there  are  exceptions 
to  this  rule  when  it  is  decidedly  in  order  to  ignore  such 
advice. 

While  the  neat  appearance  of  a  plant  proves  nothing 
(if  the  efficiency  and  economy  of  its  equipment,  it  is  a 
fairly  safe  index  of  the  character  of  the  engineer  in 
charge.  While  "clothes  do  not  make  the  man,"  they  are 
an  important  means  of  arriving  at  some  idea  of  him 
where  circumstances  may  not  afford  any  better  knowl- 
edge. The  right  kind  of  man  usually  pays  just  enough 
attention  to  his  dress  and  no  more.  If  he  is  overdressed, 
it  is  as  much  a  mark  of  a  lack  of  desirable  qualities  as  if 
he  is  slovenly  dressed. 

So,  too,  in  the  engine  room.  The  engineer  who  pays 
too  much  attention  to  the  looks  of  his  machinery  has 
not  time  enough  or  does  not  think  deeply  enough  to  keep 
the  wastes  and  leaks  out  of  the  operating  expenses.  But, 
wlioever  knew  an  engineer  who  let  dirt  and  rust  accum- 
ulate in  out-of-the-way  places  to  bother  about  indicator 
diagrams  or  fiue-gas  analyses? 

Carelessness  of  the  outward  appearances  almost  in- 
\ariably  extends  to  every  tiling  else  with  whicli  the  in- 
dividual has  to  do. 


There  appears  on  another  page  of  this  issue  an  abstract 
of  the  memorandum  of  the  chief  engineer  of  the  Man- 
chester Steam  Users'  Association  for  101.3,  in  which  is 
described  a  practical  method  of  obtaining  the  fatigue  limit 
or  true  elastic  limit  of  a  material. 

As  has  been  before  pointed  out  in  these  columns,  the 
factor  of  safety  is  often  erroneously  referred  to  as  a 
"factor  of  ignorance,"  when,  for  the  most  part,  it  is  not 
n.sed  to  cover  any  really  unknown  conditions  with  regard 
to  the  strength  of  the  material  to  which  it  is  applied,  l)ut 
to  cover  the  uncertainty  as  regards  tJie  fatigue  limit  or 
li'ue  elastic  limit,  which  is  the  logical  measure  of  the 
ability  of  a  material  to  stand  repeated  applications  of  a 
given  load.  Heretofore  there  luis  been  no  jiracticaj  way 
l)y  which  tile  true  elastic  limit  could  be  really  obtained, 
iind  since  the  ultimate  strength  was  a  jiroperty  that  gave 
I'aiily  unifonn  results  with  the  usual  test  methods  em- 
ployed, it  has  been  used  as  a  measure  by  which  the  safe 
load  was  estimated,  the  correct  safety  factor  to  be  applie<l 
to  this  measure  being  determined  by  experience. 

With  a  practical  method  for  determining  the  true  clas- 
tic limit  available,  the  methods  of  design  and  selection 
of  material  may  be  radically  changed,  and  the  factor  of 
safety  required  in  many  cases  could  be  reduced  to  a  very 
sniall  figure,  for  often  the  estimation  of  the  true  values 


of  the  applied  stresses  can  be  made  with  cdiisideralde  pre- 
cision. 

What  is  more  important  than  to  be  able  safely  to  re- 
duce the  safety  factor  required,  as  may  result  from  the 
methods  of  testing  discovered  by  Mr.  Strohmeyer,  is  the 
determination  of  a  coefficient  for  each  material  by  the 
formula  which  he  derives.  With  this  coefficient  known,  it 
can  be  predicted  whether  a  material  will  stand  few  or 
many  repeated  stresses  beyond  its  elastic  limit,  and  since 
in  some  structures  it  is  practically  impossible  to  provide 
against  such  excess  stress,  the  determination  of  this  co- 
efficient for  the  material  to  be  selected  for  such  parts  is 
a  matter  of  utmost  importance.  This  is  clearly  demon- 
strated in  the  example  selected  to  illustrate  the  influence 
of  the  coefficient,  for  with  two  metals  not  gi'eatly  at  va- 
riance as  to  the  true  elastic  limit,  one  was  shown  to  be 
immensely  superior  when  subjected  to  stresses  beyond  this 
point.  Mr.  Strohmeyer  has  attacked  the  problem  of  ob- 
taining the  true  elastic  limit  in  an  original  manner,  and 
his  test  may  become  as  general  and  as  useful  as  that  by 
which  the  ultimate  tensile  strength  is  determined. 


"Having  two  boilers,  each  carrying  sixty  pounds  pres- 
sure, it  will  not  be  necessary  to  make  any  changes  in  the 
boiler  plant  as  this  engine  will  operate  economically  on 
one  hundred  and  twenty  pounds  pressure."  This  con- 
tention (about  as  sound  as  the  claim  that  two  horses  can 
run  faster  than  one)  was  made  to  an  engineer  by  a  young 
salesman  of  steam  engines. 

The  management  was  considering  the  installation  of 
an  engine-generator  unit  for  light  and  power,  but  as  the 
maximum  pressure  allowed  on  the  boilers  was  only  sixty 
pounds,  the  steam  being  used  for  heating  and  sterilizing, 
the  idea  was  abandoned  because  a  lack  of  funds  forbade 
the  purchase  of  new  boilers.  This  difficulty  did  not  ap- 
])ear  insurmountable  to  the  young  man,  as  shown  by  the 
information  he  volunteered. 

All  of  us  on  numerous  occasions  have  been  entertained 
by  handsome,  well  groomed  salesmen,  massaged,  mani- 
cured and  full  of  "selling  talk,"  "talking  points"  and 
superlatives  to  the  extent  of  being  tiresome,  but  their 
knowledge  of  the  practical  working  of  the  apparatus  they 
were  trying  to  sell  was  not  what  it  should  be.  Sales- 
men who  visit  a  Turkish  bath  before  calling  on  a  pros- 
pect may  be  neces.sary  in  some  lines,  say  face-])owder  and 
])erfunies,  but  not  to  sell  steam  s])ecialties.  Who  would 
not  jirei'er  to  talk  with  a  salesnuin  who  looked  as  well 
as  talked  as  though  he  could  install  and  then  o])crate  the 
thing  he  sold? 

Inspired  by  the  question.  "Why  do  not  more  engineers 
become  salesmen  ?"  a  certain  conijietent  engineer  answered 
a  number  of  advertisements  for  salesmen  of  steam  spe- 
cialties. In  his  letters  he  attcmi)ted  no  iiourishes,  con- 
liin'ng  himself  to  plain  facts  and  frankly  stating  that  he 
had  had  no  experience  in  .salesmanship.  Nearly  all  his  let- 
ters were  ignored,  or  at  least  were  not  answered.  One  reply 
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was  a  polite  rejection  on  account  of  his  inexperience,  and 
one  was  favorable. 

To  make  the  average  engineer  an  acceptable  salesman 
it  would  seem  necessary  that  he  somehow  acquire  selling 
experience  (how  to  get  it  without  being  given  the  first  op- 
portunitj'  to  try  is  a  bit  obscure)  ;  then  so  improve  his 
personal  appearance  as  to  make  a  good  "front."  and  lastly, 
study  how  to  properly  present  his  goods,  ilany  an  arti- 
cle has  been  sold,  not  because  of  any  particular  merit  nor 
bfccuse  it  was  really  wanted,  but  because  tlie  buyer  was 
"talked  into"  buviug. 


The  Bureau  of  Standards  has  got  out  a  second  edition 
of  its  pamphlet  dealing  with  the  relation  of  the  kilowatt 
to  the  horsepower.  It  has  adopted  746  watts  as  the  stand- 
ard horsepower.  When  this  was  first  proposed,  we  nodded 
approval,  but  this  apparently  simple  simplification  in- 
volves the  upsetting  or  the  establislunent  of  another  stand- 
ard, the  desirability  of  accommodating  which  to  this  spe- 
cific and  not  overwhelmingly  important  case  may  well  be 
questioned. 

The  watt  is  the  metric  or  C.  G.  S.  (centimeter-grani- 
second)  iinit  of  power;  ten  million  ergs  per  second.  The 
erg  is  the  C.  G.  S.  unit  of  energy;  one  drae-centimeter — 
i.e.,  a  force  of  one  dyne  exerted  through  the  distance  of 
one  centimeter.  The  dyne  is  the  C.  G.  S.  unit  of  force, 
and  is  that  force  which,  exerted  for  one  second  upon  a 
mass  of  one  gram,  ^vill  give  it  a  veloeitv'  of  one  centimeter 
per  second.  The  gram  is  the  metric  unit  of  mass  equiva- 
lent to  that  of  a  standard  weight  kept  at  the  International 
Bureau  of  Standards  near  Paris  and  intended  to  be  equal 
to  that  of  a  cubic  centimeter  of  pure  water  weighed  in 
a  vacuum  at  its  maximvuu  density.  The  centimeter  is  the 
one-hundredth  part  of  the  length  of  the  standard  meter, 
that  of  a  bar  kept  at  the  same  place  and  intended  to  be 
the  ten-milUonth  part  of  the  distance  from  the  equator 
to  the  north  pole  measured  on  an  arc  of  a  meridian. 

Our  unit  of  power  is  the  horsepower,  33,000  foot-pounds 
per  minute.  The  foot-pound  is  our  unit  of  energ}'.  The 
only  legal  definition  of  the  foot  in  the  United  States  is 
an  act  of  Congress  of  July  28,  1866,  fixing  the  relation 
of  the  inch  to  the  meter  as  39.37  inches.  We  have  no 
legalized  inch,  foot  or  yard  except  as  the}-  are  derived  from 
the  standard  meter  in  accordance  with  the  ratio  so  estab- 
lished. In  England  the  meter  is  legalized  as  39.370113 
inches,  so  that  the  English  inch,  foot  and  yard  are  slightly 
different  from  oiirs.  We  have  no  legalized  unit  of  pres- 
sure or  force  comparable  with  the  metric  djiie  except  the 
little-used  poundal,  the  force  which  acting  for  one  second 
on  a  mass  of  one  pound  will  give  it  a  velocity  of  one  foot 
per  second.  We  usually  measure  pressures  in  pounds,  but 
what  is  a  pound  of  force?  A  pound  weight  might  be 
thought  to  exert  a  pound  of  force  upon  the  weight  pan  of 
the  balance  in  which  it  is  used  or  upon  a  cord  with  which 
it  is  suspended;  but  this  force  wiU  be  different  at  differ- 
ent places  because  the  earth  attracts  the  weight  with  dif- 
ferent degrees  of  force  at  different  latitudes  and  eleva- 
tions. It  has  been  usual  therefore,  although  so  far  as  we 
know  there  is  no  legal  authoritj'  for  it,  to  consider  the 
pound,  when  used  as  a  unit  of  force,  as  that  force  with 
wliich  the  earth  attracts  a  standard  pound  weight  at  lati- 


tude 4.5  and  at  sea  level.  All  of  the  modern  steam  tables 
are  computed  upon  tliis  basis. 

Using  tliis  established  value  of  the  pound  as  a  unit  of 
force  and  the  legalized  value  of  the  foot,  a  horsepower  of 
33.000  foot-pounds  per  minute  equals  745.65  watts,  and 
it  is  as  impossible  to  change  this  relation  by  any  decree 
as  it  is  to  make  the  ratio  of  the  circumference  to  the 
diameter  of  a  circle  3.14  by  passing  a  law  to  that  effect. 

The  only  way  to  make  the  ratio  746,  assuming  the  value 
of  the  watt  to  be  fixed,  would  be  to  change  the  value  of 
one  of  the  factors  of  the  horsepower.  To  change  33,000 
to  the  awk«-ard,  inexact  value  33,015.49  would  be  to  in- 
cur more  trouble  than  we  would  be  avoiding.  It  might 
l)e  done  by  changing  the  legal  value  of  the  meter  in  inches 
to  39.3515,  which  would  make  the  legal  foot  less  than  six 
one-thousandths  of  an  inch  longer  than  the  present; 
but  this  might  be  important  when  the  larger  derivatives  of 
the  foot,  as  acres  and  miles,  are  concerned.  The  only  other 
way  is  to  change  the  accepted  value  of  the  pound  as  a 
unit  of  force,  and  tliis  is  what  the  Bureau  does,  using 
as  that  value  the  force  with  which  the  earth  attracts  a 
standard  pound  weight  at  latitude  50  instead  of  at  lati- 
tude 45. 

Steam  of  a  certain  pressure  acts  in  an  engine,  and  from 
this  pressure  its  horsepower  is  determined.  To  be  con- 
sistent with  the  new  practice  of  the  Bureau,  we  must 
measure  this  pressure  in  the  new  units.  But  the  steam 
tables  give  us  the  physical  properties  of  steam  measured 
by  the  old  45-degree  unit.  Must  we  make  the  steam 
tables  over  ? 


This  discussion  is  all  academic.  Everybody  uses  746 
for  ordinary  calculations,  just  as  they  use  778  foot-pounds 
for  the  mechanical  equivalent  of  heat,  and  the  case  is  dif- 
ficult to  imagine  where  it  would  make  any  practical  dif- 
ference whether  a  horsepower  were  legally  equivalent  to 
746  or  745.65  watts. 

But  there  is  a  phase  of  this  discussion  which  is  of 
practical  interest.  It  has  been  often  said,  and  rightly  so, 
tliat  the  horsepower  is  an  irrational,  archaic  unit,  and 
ought  to  be  abandoned  in  favor  of  the  kilowatt.  The  Bu- 
reau in  the  circular  under  review  repeats  the  argument 
and  reiterates  the  recommendation.  But  how  shall  we,  with 
the  dimensions  of  our  engines  in  feet  and  inches  and  with 
our  pressure  in  pounds  per  square  inch,  conveniently  com- 
pute their  power  in  kilowatts?  Surely  not  by  computing 
the  horsepower  and  nmltiplying  by  0.746.  That  is  no  way 
to  get  rid  of  the  horsepower.  A  kilowatt  is  44,256.7 
foot-pounds  per  minute.  The  formulas  stand 
PLAN  ,  PLAN 

^'i'-  =  ^3;000-  ^"-  =  44,256^ 

If  there  is  going  to  be  any  change  in  our  units  either 
of  pressure,  length  or  area,  let  it  be  such  as  to  make  the 
divisor  for  the  kilowatt  as  simple  as  that  for  the  horse- 
power. Then  the  newer  and  more  rational  unit  will  rapid- 
ly replace  the  old.  So  far  as  its  use  as  a  unit  of  boiler 
capacity  is  concerned,  the  horsepower  has  no  excuse  for 
continued  existence  and  should  have  been  abandoned 
years  ago.  The  present  practice  of  nmning  boilers  over 
rating  and  the  improved  eflSeiency  of  engines  and  turbines 
increase  the  discrepancy  between  the  capacity  of  a  boiler 
rated  in  horsepower  and  the  horsepower  got  out  of  it  in 
service,  and  are  additional  reasons  for  the  abandonment 
of  an  unscientific  and  unsuitable  unit. 
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Recos'dls  t®  Pottect   CoaftaHag  ®f 
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Turbine  operators  keep  such  data  as  load,  steam  pres- 
sure, vacuum,  pressure  of  the  various  stages,  etc.  In 
view  of  an  operating  condition  in  some  plants,  where  scale- 
forming  matter  contained  in  the  feed  water  coats  the 
Ijlades  of  the  turbine  to  such  an  extent  as  to  seriously  in- 
terfere with  the  efficiency  as  well  as  to  impose  undue  end 
tlirust  on  the  unit,  a  continuous  record  should  be  kept  of 
tlie  position  of  the  inlet  valves  at  the  various  loads. 

This  can  be  easily  noted  with  the  larger  types  of  impulse 
turbines  as  they  have  many  inlet  valves,  the  numl:)er  in 
service  varying  as  load  conditions  change.  The  operator 
could  note  the  number  open  or  partially  open  and  a  com- 
parison checked  over  a  year's  run  of  the  valves  required 
lor  any  load  will  be  an  unfailing  indication  as  to  the  con- 
dition  of  the   turliine   blades. 

John   F.  HuiiST. 

Louisville,  Kv. 


laimdle 


^ffii^nirjie 


The  inquiry  of  B.  F.  Mayer  on  the  above  subject,  page 
")37,  Oct.  13  issue,  is  interesting.  The  writer  has  liad 
analyses  made  of  the  cylinder  oils  in  use  in  various  plants, 
and  while  they  include  most  of  the  usual  brands  of  oils, 
in  no  one  analysis  has  more  than  a  trace  of  acid  been 
shown.  It  is  hard  to  Ijelieve  that  any  reputable  oil  dealer 
would  attempt  to  market  a  standard  or  sjieeial  grade  that 
contains  acid. 

Mr.  Mayer  says  that  the  engines  are  triple  expansion, 
each  having  two  large  low-pressure  cylinders,  and  that 
the  vacuum  is  27  in.,  but  he  does  not  state  whether  the 
trouble  is  with  all  tiie  cylinders,  although  it  can  be  in- 
ferred that  it  is  with  the  low-pressure  ones  only. 

Every  engineer  accustomed  to  starting  up  new  machin- 
ery realizes  the  imjwrtance  of  flooding  the  bearing  sur- 
faces with  oil  until  tbcy  have  become  smooth  and  polished. 
In  the  case  of  a  large  horizontal  Corliss  engine,  not  only 
must  the  valves  and  the  packing  rings  in  the  cylinder  be 
lubricated,  but  also  the  bottom  of  the  cylinder,  wiiich  in 
the  ab.sence  of  a  tail  rod  has  to  carry  the  entire  weight 
of  tile  piston  and  the  piston  rod.  A  further  reason  for 
the  use  of  a  liberal  amount  of  oil  in  the  early  stages  of 
operation  is  that,  no  matter  how  carefully  the  steam  pipes 
and  pas.iages  are  blown  out  before  starting,  some  dirt  will 
remain.  When  this  dirt  becomes  loosened  by  the  expan- 
sion and  contraction  of  the  pipe  and  by  the  pulsating 
movement  of  the  steam,  it  is  carried  to  the  cylinders. 
Therefore,  unless  the  oil  is  used  very  freely,  trouble  will 
often  result. 

While  there  are  many  triple-expansion  cnginc-s  the  low- 
pressure  cylinders  of  which  take  steam  at  about  atmos- 
pheric pressure  and  exhaust  into  the  iiigii  vaituiim  that 
can  be  niaintained  (<J7  to  28  in.),  and  operate  successfully 


and  present  no  difficulties  in  lubrication,  yet  occasionally 
trouble  such  as  Mr.  Mayer  describes  is  met. 

Assuming  that  the  engines  have  been  built  by  a  rep- 
utable company  and  represent  its  standard  practice  in 
materials  and  workmanship,  the  question  of  hardness  or 
softness  of  the  iron  can  be  eliminated,  at  least  for  the  time 
being.  It  may  also  be  assumed  that  the  engines  are  in 
alignment,  with  no  distortion  due  to  expansion. 

With  the  use  of  a  suitable  oil  and  the  correct  introduc- 
tion of  it  into  the  cylinders,  there  should  be  no  difficulty 
in  lubricating  them.  The  amount  necessary  would  have 
to  be  determined  by  experiment  and  trial  extending  over 
considerable  time.  Eegardless  of  how  much  oil  is  used, 
it  is  difficult  to  understand  how  it  could  attack  the  cast 
iron. 

If  the  oil  contains  acid  it  should  not  be  used.  If  one 
is  sure  the  oil  is  all  right  and  the  cutting  occurs,  it  is 
then  important  to  determine  whether  it  takes  place  con- 
tinually or  at  intervals  of  from  one  to  several  weeks  or 
months.  If  the  latter  is  the  case,  the  trouble  is  usually 
because  of  impurities  in  the  steam.  Such  impurities  may 
be  due  to  the  nature  of  the  feed  water  alone  or  to  a  boiler 
compound  or  combination  of  both.  Analyses  of  the  feed 
water  and  of  the  water  from  the  traps  taken  under  nor- 
mal conditions  may  not  show  anything  wrong,  but  an- 
alyses are  seldom  made  during  an  emergency  or  at  ab- 
normal conditions  of  operation. 

Triple-expansion  engines  of  this  type  are  difficult  to 
lubricate,  owing  to  the  low  pressures  and  temperatures 
prevailing — initial  pressure  about  15  lb.  absolute  and 
temperature  212  deg. ;  exhaust  pressure  about  1  lb.  abso- 
lute and  temperature  about  100  deg.  F.  in  the  low-pres- 
sure cylinder.  Any  impairment  of  the  quality  of  the  oil 
or  interruption  of  feed  for  n  long  interval  usually  results 
in  cutting  the  bearing  surfaces. 

W.  IIamiltok. 

Troy,   N.   Y. 


It  is  rather  difficult  to  prescribe  "absent  treatment" 
for  Mr.  Mayer's  ca.se,  but  having  had  trouble  with  cut- 
ting cylinders,  the  following  may  be  worth  as  much  in 
his  case  as  it  was  in  mine : 

If  the  piston  rings  aiul  bull  ring  are  sbarj)  and  square 
on  the  edges,  they  may  be  scraping  the  oil  off  the  cylin- 
der surfaces  and  cutting  them.  The  remedy  is  to  slightly 
chamfer  the  edges  of  all  the  rings.  This  allows  the  oil 
to  work  under  them  and  lubricate  properly  and  ade- 
(piatcly. 

It  would  be  interesting  to  know  just  what  Mr.  Mayer's 
trouble  is,  if  he  finds  out. 

WiLMAM  N.  Wing. 

Brooklyn,  X.  Y. 


This  rai)id  cutting  of  the  cylinder  walls,  described  by 
Jfr.  Mayer  as  being  of  "soft,  coarse  gray  iron,"  is  more 
likely  to  be  due  to  excessively  tight  jiacking  rings  with 
sharp  edges  than  to  acid-bearing  oil. 
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A  glance  at  the  cylinder  bore  would  tell  if  the  tronhle 
is  due  to  acid;  if  so,  the  cylinder  would  show  a  peculiarly 
pitted  surface.  When  viewed  through  even  a  low-powered 
microscope,  the  attacked  surface  has  the  appearance  of 
being  etched.  The  pitting  effect  is  never  uniform  and 
tends  to  spread  like  a  fern.  Furthermore,  the  action  is 
most  apparent  where  the  temperature  is  highest,  since  an 
acid  is  more  active  when  hot. 

Mention  is  made  of  a  high  vacuum.  This  would  tend 
to  decrease  the  chemical  eifect  of  acid  since  the  higher  the 
vacuum  the  lower  the  corresponding  temperature.  That 
the  high  and  intermediate  cylinders  are  made  of  closer 
grained  iron  would  not  make  them  immune  to  acid,  for 
acid  attacks  a  hard  surface  quite  readily;  the  "etching" 
effect  is  of  a  finer  pattern  than  in  the  case  of  a  coarse- 
grained iron. 

It  is  quite  true,  as  Mr.  Mayer  has  Ijeen  advised,  that 
acid  will  penetrate  l)eyond  the  surface.  Cylinders  are 
sometimes  pickled  in  acid  at  the  foundry.  When  being 
bored,  even  weeks  after  pickling,  the  acid  will  dampen  the 
metal  at  any  spongy  place  and  apparently  ooze  to  the  sur- 
face under  the  cutting  action  of  the  boring  tool. 

I  have  successfully  used  a  mixture  of  one  part  cylinder 
oil  to  one  part  fine  flake  graphite  to  prevent  cutting  valves 
and  piston  rings,  and  I  would  recommend  this  to  Mr. 
Mayer.  The  oil  should  be  heated  before  adding  the  flake 
graphite. 

E.    HCRST. 

Montour  Falls.  X.  Y. 


An  article  under  the  above  heading  on  p.  512,  Oct.  6, 
explained  clearly  why  liquids  evaporate  more  rapidly 
when  a  current  of  air  is  passed  over  them.  It  might  have 
gone  a  little  further  and  told  how  the  evaporation  of  the 
ether  freezes  the  water — i.e.,  when  a  poimd  of  ether  is 
evaporated  at  atmospheric  pressure,  162.8  B.t.u.  are  re- 
quired to  effect  this  change.  This  is  called  the  latent 
heat  of  vaporization  and  is  that  which  is  required  to 
change  the  condition  of  the  molecules ;  it  does  not  appear 
as  sensible  heat.  If  the  vapor  is  again  condensed  or  com- 
pressed, however,  each  pound  of  ether  would  again  give 
up  its  162.8  B.t.u.  of  latent  heat. 

Wliere  evaporation  is  produced,  as  described,  l)y  a  cur- 
rent of  air,  the  ether  receives  very  little  heat  from  the  air 
stream,  but  heat  must  be  supplied  before  the  liquid  can 
evaporate  and  it  is  simply  drawn  from  the  remaining 
ether,  which  in  turn  draws  heat  from  the  water.  This 
lowers  the  temperature  of  the  water  to  the  freezing 
point. 

Here  again  latent  heat  is  encountered,  for  it  is  not 
sufficient  simply  to  lower  the  temperature  of  the  water  to 
the  freezing  point,  as  after  reaching  that  point  there 
must  be  extracted  for  each  pound  of  water  141:  B.t.u.  be- 
fore the  water  becomes  ice. 

Of  course,  the  amount  of  water  used  in  the  experi- 
ment is  comparatively  small,  so  that  the  total  heat  to 
be  withdrawn  is  a  very  small  quantity,  but  all  of  the  ether 
that  is  not  evaporated  is  lowered  to  a  temperature  at 
least  slightly  below  the  freezing  point  of  water  so  that 
the  experiment  succeeds  best  wlien  only  a  small  amoimt 
of  ether  is  taken. 

P.  L.  Weimek. 

Garv.  Ind. 


In  his  letter,  in  the  Oct.  1.'5  issue,  p.  541,  ^Ir.  Craw- 
ford says  in  regard  to  the  diagram,  Fig.  2 :  "It  indicates 
that  the  compressor  is  in  good  condition." 

I  differ  with  him,  for  something  seems  wrong  with 
the  discharge  valve.  By  analyzing  Fig.  1,  whch  is  a  re- 
production of  the  diagram,  this  is  made  plain.  Start- 
ing at  A,  the  piston  compresses  the  gas  to  B,  where  the 
discharge  valve  opens  and  lets  the  gas  escape  to  the  con- 
denser. The  pressure  then  drops  to  C,  where  the  dis- 
charge valve  closes  and  it  is  again  raised  to  D,  when  the 
discharge  valve  again  opens.  The  pressure  then  falls  to 
E,  which  should  be  the  condenser  pressure.  It  seems 
impossible  for  the  gas  to  leave  the  cylinder  at  a  lower 
pressure  than  the  condenser  pres.sure,  and  such  being 
tlie  case,  line  F  is  the  condenser  pressure  and  the  ma- 

B.  D. 
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Ammonia  Compkessok  Diageams 

chine  is  pumping  against  an  excess  pressure  from  tha 
line  F  to  H.  It  also  seems  that  the  spring  on  the  suction 
valve  is  too  tight  as  shown  l)y  the  wavy  line  at  G.  Of 
course,  it  is  impossible  to  tell  nuu'h  about  ammonia  dia- 
grams unless  the  theoretical  expansion  curves  are  drawn 
on  them. 

I  liave  drawn  the  adiabatic  and  isothermal  curves  on 
two  diagrams  that  looked  excellent,  but  the  curves  showed 
the  discharge  valves  to  be  leaking  badly.  An  ammonia 
coni]iressor  diagraiii  does  not  seem  to  be  as  well  under- 
stood by  the  average  engineer  as  are  those  from  steam  en- 
gines. As  an  example,  Fig.  2  is  a  rejiroduction  of  a 
diagram  shown  in  the  advertisement  of  a  manu- 
facturer of  a  double-acting  compressor.  The  figure  shows 
that  both  the  discharge  and  suction  valves  stick.  Two 
or  three  hours'  work  on  these  valves  would  have  elim- 
inated this  trouble,  and  the  humps  on  the  diagrams  would 
have  been  absent.  A  small  amount  of  reexparision  is 
shown,  considering  that  long  pipes  were  used.  This  is 
a  wrong  way  to  connect  up  the  indicator  as  the  long  pipes 
make  quite  a  difference  in  the  reexpansion  shown  on  the 
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diagram  over  that  which  a  short  pipe  connection  and  a 
sino^le  diagram  show.  These  people  evidently  did  not 
understand  this  or  they  would  not  have  used  this  dia- 
gram for  advertising  purposes. 

Peery  Losh. 
Muncie,  Ind. 


hence  they  should  have  little  significance,  even  if  the 
observations  of  the  steam  temperature  in  the  exhaust  pipe 
had  been  made  with  an  accurate  or  properly  calibrated 
thermometer. 

J.  A.  iMoTEn. 
State  Collesfe.  Penn. 


T©sft  off  E^eimts  Esa^isae 

In  the  issue  of  !May  28,  there  was  published  a  discus- 
sion by  Mr.  Eosenzweig  of  the  tests  which  I  made  on  a 
simple  noucondensing  Lentz  engine.  For  personal  rea- 
sons, I  hesitated  to  reply  at  the  time,  but  it  now  hap- 
pens that  somewhat  similar  and  carefully  conducted 
tests,  made  in  a  Western  state  by  a  well  qualified  engi- 
neer, are  being  prepared  for  publication.  Since  in  these 
tests  the  temperature  of  the  superheated  steam  supplied 
to  the  engine  was  measured,  as  in  my  test,  with  a  care- 
fully calibrated  mercury  thermometer,  it  seems  necessary 
to  state  the  case  a  little  more  fully. 

Mr.  Eosenzweig  used  as  a  basis  for  his  computations 
the  temperature  of  the  steam  in  the  exhaust  pipe,  and 
calculated  that,  if  a  theoretically  adiabatic  expansion  is 
assumed,  the  actual  superheat  would  be  nearly  100  degrees 
higher  than  that  observed  and  reported.  There  are  sev- 
eral reasons  why  this  assumption  is  improbable.  In  the 
first  place,  the  temperatures  in  the  exhaust  pipe  were  ob- 
served merely  as  an  afterthought.  The  thermometer 
used  was  piit  in  the  exhaust  pipe  by  one  of  the  testers 
for  lus  own  information  and  no  precautions  were  taken 
to  insure  the  accuracy  of  these  observations.  Furthermore, 
the  thermometer  was  not  calibrated  and  the  thermom- 
eter well  used  at  this  point  was  very  shallow.  These 
facts  should  make  any  discussion  from  this  basis  of  doubt- 
ful value. 

It  is  improbable  that  the  carefully  calibrated  ther- 
mometer, corrected  for  stem  exposure,  which  was  used  for 
measuring  the  initial  temperature  of  the  steam  could  have 
been  in  error  anything  like  100  degrees,  and  it  is  admitted 
by  Mr.  Eosenzweig  that  there  is  no  doubt  whatever  as  to 
the  accuracy  of  observing  and  recording  this  temperature. 
He  also  assumes  that  the  expansion  is  adiabatic.  In  an 
engine  having  no  steam  jacketing  on  the  cylinder,  of  mod- 
erate speed,  and  using  steam  of  very  high  temperature,  it 
is  obvious  that  the  expansion  does  not  follow  closely  the 
adiabatic. 

As  regards  the  argviment  itself,  that  a  mercury  ther- 
mometer is  unsuitable  for  measuring  the  temperature 
of  superheated  steam,  the  error  is  likely  to  be  of  much 
more  sifniificance  in  obtaining  the  temperature  in  the  ex- 
haust pipe  than  that  of  the  highly  superheated  steam.  It 
is  well  known  that  the  temperature  of  steam  of  from  0 
to  20  degrees  superheat  is  difficult  to  measure,  as  it  is 
almost  impossible  to  eliminate  all  the  moisture  present 
in  superheated  steam  of  thi.s  low  degree.*  At  these  low 
degrees  of  superheat,  the  steam  is  usually  more  or  less 
stratified,  some  wet  steam  being  present.  The  latter  lies 
nearer  to  the  bottom  of  the  pipe  than  that  which  is  super- 
heated, and  not  infrequently  water  is  found  either  en- 
trained or  in  a  liquid  mass  in  the  bottom  of  the  pipe, 
wliere  it  remain.?  unevaporated  l)y  the  flow  of  superheated 
steam  over  it.  Undoubtedly  these  were  the  conditions 
existing  in  the  exhaust  pipe  of  the  Lentz  engine  tested, 
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Eecently  I  had  occasion  to  renew  the  steam  coils  in  a 
liigh-pressure-steam  ammonia  generator  in  an  absorp- 
tion plant.  After  the  unit  had  been  dismantled,  a 
friend  suggested  that  I  change  the  point  of  entering  the 
strong  aqua  from  the  pump  to  the  generator,  to  allow 
the  punjp  to  discharge  directly  on  the  top  of  the  analyzer 
piins  instead  of  at  the  base  of  them.  This  would  make  it 
necessary  for  the  aqua  to  come  to  the  top  before  it  could 
start  on  its  downward  course  over  the  analyzer  pans. 
The  reason  for  suggesting  the 
change  was  to  prevent  short-cir- 
cuiting the  strong  aqua  through 
a  part  of  the  analyzer  pans.  The 
sketch  shows  what  changes  were 
made. 

Valve  A  is  where  the  strong 
aqua  was  formerly  discharged, 
and  the  arrows  indicate  the  path 
it  took  after  entering  the  gener- 
ator at  the  base  of  the  analyzer. 
This  valve  was  blanked  off  and 
a  hole  drilled  and  tapped  into  the 
shell  for  the  line  B,  the  shell  at 
this  point  being  2%  in.  thick. 
The  hole  was  tapped  out  1  j*^  in. 
from  both  inside  and  outside  tlie 
shell,  to  enable  a  nipple  to  be 
screwed  into  the  shell  from  both 
sides.  A  short  nipple  with  val\e 
B  was  screwed  into  the  shell 
from  the  outside,  to  which  the 
aqua  pump  discharge  was  con- 
nected, and  a  nipple  long  enough 
to  l)ring  an  ell  to  the  center  of  the  shell  was  screwed 
into  a  hole  on  the  inside.  The  ell  turned  down  with 
a  nipple  screwed  into  it,  terminating  within  4  in. 
of  the  bottom  of  the  top  analyzer  pan  as  shown.  The  am- 
monia-gas outlet  is,  of  course,  at  the  top  of  the  generator 
and  is  controlled  by  a  valve. 

Before  making  this  change,  it  was  almost  impossible 
to  keep  the  joints  between  the  pans  tiglit,  and  they 
showed  tiiai  the  aqua  was  short-circuiting  through  them 
and  passing  down  onto  the  steam  coils. 

A  half- inch  hole  was  drilled  in  the  analyzer  base  at  C, 
to  pre\ent  aqua  getting  over  the  pans  and  trapping  in  the 
bottom  of  the  analyzer.  The  manufacturers  of  these 
generators  have  adopted  this  method  of  entering  the  .strong 
aqua  to  the  analyzer  in  their  later  generators,  but  the 
generator  referred  to  in  this  article  was  one  which  was 
built  several  years  ago. 

The  principal  requirement  in  making  .'iuch  a  change  is 
to  get  a  good  thread  when  tapping  out  the  hole  after  it  has 
been  drilled. 


AXALYZER   FOE   AM- 
MONIA Generatoe 
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Layout  of  the  Power  Hou.se 

In  laying  out  the  power  house,  no  attempt  will  i)e  made 
to  go  into  details  of  construction.  The  idea  is  to  study 
the  arrangement  of  the  different  parts  of  the  equipment 
with  special  reference  to  convenience  and  economy  of  op- 
eration, and  to  furnish  diagrams  and  dimensions  from 
which  the  architect  may  prepare  designs  for  the  building. 
The  sketches  of  boiler  settings,  etc.,  are  such  as  would 
be  given  to  the  head  draftsman  from  which  to  work  out 
the  detail  drawings. 

BoiLEK  Settings 

The  first  step  in  laying  out  the  power  hoiise  is  to  de- 
termine the  space  required  by  the  boilers,  and  simple 
diagrams  of  the  settings  are  prepared  for  this  purpose. 
It  seems  a  good  arrangement,  in  the  present  case,  to  set 
the  boilers  in  batteries  of  three  each,  and  Figs.  1  and  2 
have  been  worked  out  ou  tliis  basis. 

Hea\-}'  "Hartford"  settings  have  been  used  with  the 
outer  or  supporting  walls  30  in.  thick,  consisting  of  an 
inner  wall  16  in.  thick,  a  2-in.  air  space  and  a  12-in.  outer 
wall.  The  division  walls  between  the  furnaces  are  32  in. 
thick,  the  bridge-wall  28  in.,  and  the  rear  walls  2d  in.. 


Fig.  1.     Sectiox  thbough  Battery  of  Three  Boilers 

with  a  2-in.  air  space.  Table  1  gives  overall  dimensions 
for  boilers  of  different  diameters  with  heavy  settings  for 
power  work. 

TABLE   1— DIMENSIONS  OP  BOILER   SETTINGS 

I Diameter  of  Boiler,  In. > 

No.  of  Boilers  in  Battery  54  60  66  72 

■Widtli  of  setting,  1  boiler..  9'  0"  9'  6"  10'  0"  10'  6" 
"Width  of  setting,  2  boiler..  1,5'  8"  16'  8"  17'  8"  18'  8" 
Width  of  setting,  3  boiler..  22'  4"  23'  10"  25'  4"  26'  10" 
^Vidth  of  setting,   4  boiler..      29'   0"       31'      0"       33'   0"       35'      0" 

The  total  length  of  the  setting  is  equal  to  the  length 
of  the  tubes  plus  4  ft.  2  in.  for  the  diameters  in  Table 
1.  If  the  "gallows  frame"  support  is  employed,  lighter 
walls  may  be  used.  With  columns  between  each  boiler, 
the  girders  for  6xl6-ft.  boilers  should  be  made  up  of  two 
9-in.  channels,  with  suspension  rods  1%  iu-  in  diameter. 


If  wrought-iron  pipe  columns  are  used,  they  should  be 
9  in.  in  diameter  and  the  lower  ends  should  be  embedded 
from  one-fourth  to  one-third  their  length  in  heavy  foun- 
dations of  concrete. 

Furnace 

This  is  made  of  good  height  for  burning  bituminous 
coal.     If  mechanical  stokers  are  employed  the  furnace 


Fig.  2.     Longitudinal  Section  of  Setting 

details  should  be  furnished  by  the  makers  and  all  di- 
mensions obtained  from  them.  The  grate  area  is  found 
by  the  formula 

_  hp.  X  34.5 

in  which 

<S'  =  Grate  area  in  .square  feet; 

E  =  Pounds  of  water  evaporated  per  pound  of  coal; 

C  =  Pounds  of  coal  burned  per  square  foot  of  grate 
per  hour. 
With  natural  draft,  C  .should  equal  at  least  15  lb. ;  and 
with  clean  tubes  and  skillful  firing  an  evaporation  of  9 
lb.  of  steam  per  pound  of  coal  should  be  obtained.  Table 
2  is  computed  from  the  above  formula  for  different  values 
of  E  and  C ,  covering  ordinan,'  conditions  of  power-plant 
work,  and  gives  the  square  feet  of  grate  surface  per  horse- 
power for  different  combinations. 

table  2— grate  surface  per  HORSEPOWER 

, Values  of  E > 

Values  of  C  12  Lb.  15   Lb.         20  Lb. 

10   0.28  0.23  0.17 

9    0.32  0.25  0.19 

S    0.36  0.29  0.22 

Assuming  values  of  9  and  15  for  C  and  E,  respectively, 
for  the  present  case 

120  X  0.25  =  80  sq.jt. 
of  grate  area  should  be  furnished  for  each  boiler.     The 
dimensions  given  on  the  drawings  are 
51/2  X  6  =  33  sq.p. 
The  main  smoke  pipe  may  be  proportioned  on  a  basis 
of  1  sq.ft.  area  to  7  sq.ft.  of  grate,  which  for  five  boilers 
running  at  one  time  will  call  for 

^4^  =  21.4..y.A  j 


Noveinber  17,  1914 


POWER 


725 


This  may  be  made  4  ft.  wide  by  6  ft.  in  height,  which 
gives  a  ilue  on  tlie  side  of  safety.  The  extreme  end  of 
the  Hxie  may  be  made  about  20  in.  in  height  and  increase 
uniformly  to  the  boiler  nearest  the  stack,  the  width  being 
kept  the  same  throughout.     It  should  be  made  of  No.  10 


Fig.  3. 


'^'■'.U 68-0"- J 

Gexeral  Arraxgemext  of  Boiler  and  En- 
GixE  Rooms 


iron,  on  an  angle-iron  frame,  and  hung  from  the  roof 
trusses.  The  uptakes  from  each  boiler  .should  be  12x60  in. 

CllIMXEY 

The  required  height  of  chimney  will  depend  largely 
upon  the  kind  of  fuel  to  be  burned  and  will  vary  from 
120  ft.  for  slow-burning  bituminovis  up  to  150  ft.  for 
buckwheat.     For  plants  of  600  to  800  hp.  and  over,  the 


the  rear,  both  central  and  rear  passages  being  widened 
somewhat  to  allow  for  the  iron  stairways  leading  down 
from  the  engine  room.  A  firing  space  of  14  ft.  is  allowed 
in  front  of  the  boilers  which  provides  for  drawing  the 
tubes  beneath  the  front  of  the  coal  bunker. 

The  overall  spaces  required  by  the  dift'erent  generating 
sets  have  been  drawn  in  from  catalog  dimensions  and 
a  room  30x68  ft.  seems  to  give  ample  space  for  all  re- 
quirements. The  different  floor  grades  of  the  power 
house  are  shown  in  Fig.  4,  which  represents  a  longitud- 
inal section.  This  arrangement,  with  the  main  engine- 
room  floor  above  that  of  the  boiler  room,  makes  it  pos- 
sible to  carry  all  exhaust  piping  beneath  the  floor  and  pro- 
vides a  space  for  condenser  and  pumps  at  the  boiler-room 
level  beneath  that  corner  of  the  engine  room  occupied 
by  the  private  office  and  switchboard.  It  is  always  de- 
sirable, if  possible,  to  place  the  condenser  at  a  lower 
level  than  the  engine  on  account  of  drainage  and  simplic- 
ity of  pipe  connections. 

This  plan  also  makes  it  possible  to  enter  the  pipe 
tunnel  easily  with  the  heating  main  and  to  connect  the 
main  return  with  the  receiving  tank  without  providing 
a  pit  or  trenches.  The  engine  room  is  entered  by  two 
or  three  steps  from  outside  grade.  Besides  the  various 
generating  sets,  it  contains  the  switchboard  and  a  gage- 
board  carrying  a  series  of  pressure  gages  connecting  with 
various  parts  of  the  system,  also  an  air  compressor  and 
storage  tank  for  supplying  air  pressure  for  cleaning 
purposes  around  the  engines  and  generators. 

The  boiler  room  is  reached  by  two  flights  of  iron  stairs 
from  a  platform  at  the  engine-room  level.  A  separate 
entrance  is  also  provided  from  outside  near  the  chimney, 
as  shown.  The  large  window  on  the  opposite  side  is  re- 
movable, leaving  an  opening  large  enough  for  remov- 
ing a  boiler  if  desired.    A  traveling  overhead  crane  should 
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chimney  should  not  in  general  be  less  than  150  ft.  in 
height,  whatever  the  grade  of  fuel  to  i)e  used.  Assuming 
this  height  in  the  ])resent  case,  we  find  from  Kent's  for- 
mula that  a  flue  5  ft.  in  diameter  will  be  required. 

BOILEH-  AXD   EnGIXE-RoOM   DIMENSIONS 

The  general  arrangement  of  the  boiler  and  engine 
rooms  is  shown  in  Fig.  3.  Ample  space  has  been  allowed 
around  the  boiler  settings,  giving  a  4-ft.  walk  at  each  side 
and  a  central  space  between  the  two  batteries  of  (i  ft. 
4  in.     A  passageway  6  ft.  in  width  has  been  provid(!d  at 


Fig.  4.     Floor  Levels  anh  Grades  in  Power  Plaxt 

be  provided  of  sufficient  capacity  for  haiuiliug  the  boil- 
ers in  case  of  renewal.  The  ash  elevator  at  the  left  is 
of  the  conveyor  tyjje  and  arranged  to  discharge  directly 
into  a  car  standing  upon  the  raised  track  over  the  coal 
bunker. 


Coal   Storage   axd   IIaxdlin'o 

For  the  storage  of  the  coal  the  space  required  will  de- 
pend upon  the  amount  it  is  desired  to  keep  on  hand  or 
liave  delivered  at  one  time.  Factors  of  this  kind  will 
varv  with  local  rnnditidns  and  must  be  decided  ui)on  in 


726 


POWER 


Vol.  40,  No.  20 


each  particular  case.  In  the  j)resent  problem  let  us 
provide  storage  capacity  for  at  least  six  weeks'  supply 
for  the  maximum  600  boiler-horsepower. 

Assuming  four  pounds  of  coal  per  horsepower  per 
hour,  eight  hours  run  per  day  for  six  days  per  week 
will  call  for 


OVI£]R  THE  SFHILILWAY 

JUST  JESTS,  JABS,  JOSHES  AND  JUMBLES 


4  X  OOP  X  8  X  6  X  0 
2000 


=  345  t07is 


Assuming  35  cu.ft.  of  space  per  ton, 

345  X  35  =  12,075  cu.ft. 
of  storage  space  will  be  needed,  ilaking  the  bunker  of  the 
dimensions  shown  in  Figs.  3  and  4  will  give  the  following 
capacity,  allowing  for  the  slope  of  the  coal  when  diunped 
from  the  car : 

20  X  68  X  9  =  12,240  cu.ft. 

In  the  arrangement  shown,  the  coal  cars  are  run  up 
an  incline  to  the  top  of  the  bunker  and  their  contents 
dumped  through  openings  as  indicated.  The  bottom  of 
the  bunker  is  provided  with  four  chutes  with  sloping 
sides  from  which  the  coal  is  delivered  into  tram  cars  and 
brought  to  the  boiler  fronts  for  firing.  If  automatic 
stokers  are  used  a  special  conveyor  may  be  providefl  for 
delivering  the  coal  directly  into  the  hoppers,  or  an  ele- 
\ator  and  raised  track  may  be  so  arranged  that  the  con- 
tents of  the  tram  cars  may  be  dumped  into  the  hoppers 
withoiit  shoveling.  These  are  matters  of  detail  to  be 
worked  out  according  to  the  amount  of  money  available 
for  equipment. 

Foundation 

The  foundations  for  boilers,  engines  and  chinniey  are 
important  matters  and  should  receive  careful  attention. 
In  the  case  of  hea\y  boiler  settings  for  power  work  the 
foundations  may  be  made  from  20  to  24  in.  wider  than 
the  briekwalls  which  they  are  to  support  if  a  solid  earth 
footing  is  availal)le.  If  this  is  not  tiie  ease,  the  weight 
must  be  computed  and  the  bearing  area  of  the  foimdation 
made  such  that  the  load  will  not  exceed  the  following 
limits  per  square  foot:  Soft  clay,  1  ton;  stiff  clay,  well 
packed  sand  and  loam,  2  tons;  coarse  gravel,  8  tons. 

In  some  cases,  if  the  soil  is  of  low-l)earing  power,  a 
solid  bed  of  concrete  may  be  laid  down  for  the  boilers  to 
rest  upon.  The  depth  should  be  from  2  to  4  ft.,  accord- 
ing to  the  size  of  boiler.  Wliat  has  already  been  said  ap- 
plies also  to  engine  and  chinniey  foundations. 

With  mud,  silt  or  quicksand  in  a  thin  layer  it  may  be 
possible  to  excavate  to  the  gravel,  clay  or  rock  substratum 
and  carry  the  foundations  down  to  rest  upon  this.  In  the 
case  of  thick  layers,  piles  should  be  driven  on  2-  to  21/2- 
ft.  centers  and  the  tops  cut  off  below  the  level  of  the  sur- 
face water.  A  layer  of  concrete  2  or  3  ft.  in  thickness 
should  be  laid  over  the  piles  with  their  tops  extending 
into  it,  and  on  top  of  this  the  regular  foundation. 

In  computing  the  weight  of  a  chimney  the  following 
figures  may  be  taken:  Granite  masonry  weighs  from  150 
to  170  lb.  per  cu.ft.,  and  brickwork  from  120  to  130  lb. 

WTien  there  is  any  doubt  as  to  the  nature  and  carrying 
capacit)'  of  the  soil  an  exj)ert  should  be  called  in  to  fix  a 
safe  value  before  designing  the  foundation. 

Ijine  IjOss — -Conditions  may  readily  occur  in  connection 
with  wriring  wliere  ttie  drop  may  not  l^e  sufficient  to  cause 
any  difficulty  in  the  operation  oT  lamps  or  motors  but  if  the 
loss  over  these  wires  is  figured,  it  will  be  found  advisable 
to  use  larj^er  wire,  as  the  interest  on  the  increased  cost  of 
the  wire  will  be  less  than  the  loss  of  power  by  the  use  of 
the  smaller  wire. 


Science  has  proved  that  coal  does  not  deteriorate  in  stor- 
age. But  we  have  coal  to  burn.  Can't  some  thoughtful 
scientist  do  something  to  ameliorate  the  condition  of  the  egg? 
Its  deterioration  in  storage  is  something  fierce,  not  to  say 
rotten. 


"The  governor  went  to  pieces  suddenly."  This  happened 
in  several  states  recently.  Well,  when  the  "plant"  outlives  its 
usefulness,  scrap  it  and  get  new  apparatus — which  has  also 
been  done  in  several  recent  instances.  There  are  many  "en- 
gineering" points  in  politics  that  stick  out  just  like  they  do 
in  our  own   field. 

'0. 
The  newspapers  have  given  wide  vent  to  the  foot-and- 
mouth  disease  among  our  cattle.  This  head-to-foot  trouble 
give  rise  to  the  sweetly  solemn  thought  that  the  disease  prob- 
ably had  its  origin  in  the  thickhead  who  every  time  he  opened 
his  mouth  he  put  his  foot  in  it — and  the  complaint  is  more 
prevalent  than  is  popularly  supposed. 


Know  how  to  detect  a  liar?  Easy!  Put  your  finger  on  his 
pulse.  If  the  blood  pressure  is  unsteady,  he's  a  liar — pro- 
vided the  osteopath  had  a  steady  pressure  when  she  told  this. 
A  slap  won't  do  it;  grab  the  wrist  between  your  fingers. 

;*; 

Here's  another  little  shop  kink  the  osteopathers  are  put- 
ting over:  Disease  is  the  father  of  bacteria  rather  than 
bacteria  the  cause  of  disease.  Another  variation  of  which  was 
first,  the  egg  or  the  hen? 

Paper  says  Austria  yearly  sent  to  us  1,634,070  bushels  of 
beans,  and  that  soon  there'll  be  a  bean  famine  because  of  the 
war.  How  'bout  it,  you  New  England  engineers?  Neutrality 
is  all  very  well,  but  this  is  a  blow  below  the  belt  that  calls 
for   reprisals. 

The  management  says  that  the  Panama-Pacific  Exposition 
will  open  on  time,  which  is  Feb.  20,  1915.  Fifty-six  million 
dollars  has  l>een  invested  in  it,  a  rather  suljstantial  evi- 
dence of  faith  in  its  success.  Here's  hoping  that  Science, 
Art  and  Industry  will  take  their  lead  over  the  usual  merry- 
go-round  and  popcorn  shews  that  obtain  at  fairs. 

We  ask  leave  to  print  that  a  Los  Angeles  Prohibitionist 
has  been  elected  to  Congress,  Our  own  personal  leanings 
toward  Prohibition  do  not  actuate  this  announcement  so  much 
as  that,  believing  in  fairness,  we  think  every  party  should 
have  at  least  one   representative  in  Washington. 

m 

Herewith  the  "Cincinnati  Enquirer"  is  bluntly  accused  of 
exceeding  bad  taste.  Under  the  title,  "The  Song  of  the  Empty 
Growler,"  said  paper  prints  a  "poem"  about  a  girl  who  worked 
in  a  boiler  shop  pounding  rivets  all  day  long  "and  she  was 
very  dry."  She  wishes  she  had  a  drink.  The  foreman  rushes 
the  said  receptacle,  drains  its  contents  and  hands  the  lady 
riveter  the  empty  can.  Then  she  sings — Say,  isn't  all  this  dis- 
gusting? In  the  first  place,  no  boiler-shop  foreman  would  be 
so  impolite  as  to —    We  repeat,  isn't  this  disgusting? 


When  we  get  going  strong  on  our  South  American  in- 
dustrial campaign,  will  we  again  hear  that  cry  about  loose 
methods  of  crating  and  shipping?  There's  no  use  wrapping 
Orsat  apparatus  or  electric  meters  in  tissue  paper,  have  'em 
just  precede  a  steam  locomotive  into  the  ship's  hold — and 
expect  the  senors  to  be  tickled  with  their  purchase.  If  we 
don't  know  how,  let's  ask  J.  Bull  or  Billy  HohenzoUern;  good- 
ness knows,  they've  been  sending  enough  stuff  down  that 
way  up  to  now. 

Have  a  dim  recollection  that  power  plants  once  had  chaps 
called  oilers.  Never  see  them  mentioned  in  cold  print  these 
days.  Oh,  yes,  he's  the  feller  that  polishes  the  brass  and  fills 
the  lubricators.  Mebbe  if  the  engineers  occasionally  let  him 
key-up,  put  a  unit  on  the  board  or  take  the  meter  readings,  or 
suchlike,  he  might  from  sheer  gratitude  write  and  tell  us  he's 
still  a  part  of  the  force. 


November  17,  1914 
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The  thiiteeiith  :uiiiual  enteitaininent  and  reception  of  the 
combined  associations  of  the  N.  A.  S.  B.  of  Manhattan,  Bronx 
and  Queens  was  held  at  Terrace  Garden,  New  York  City,  on 
the  evening  of  Nov.  7. 

Among  the  invited  guests  were  National  President  Fred- 
ericlt  L.  Ray.  Louisville.  Ky. ;  National  Vice-President  Walter 
H.  Damon.  Springfield.  Mass.;  National  Secretary  Fred  W. 
Raven.  Chicago,  III.;  National  Treasurer  Samuel  B.  Forse  and 
National  Trustee  George  W.  Brownhill,  Pittsburgh,  Penn.;  Na- 
tional Trustee  Henry  W.  Mistele,  Milwaukee,  Wis.,  and  Rob- 
ert Larkin,  business  manager  of  "The  National  Engineer." 
There  was  also  a  number  of  past  national  presidents  In  at- 
tendance. Large  delegations  were  present  from  Philadelphia. 
New  Jersey  and   many  of  the  New  England  cities. 

The  hall  was  tastefully  decorated.  An  interesting  vaude- 
ville entertainment  preceded  the  dance.  It  was  impossible  to 
complete  the  elaborate  march  planned  by  Floor  Manager 
Frank  Martin  of  Jenkins  Bros.,  owing  to  the  crowded  condi- 
tion of  the  hall,  and  for  the  same  reason  no  picture  was  taken 
this  year.  Frantzen's  thirty-piece  orchestra  furnished  the 
music. 

VISITING   NATIONAL   OFFICERS    ENTERTAINED 

On  Friday  evening  Phoenix  Association  No.  24  held  a  spe- 
cial meeting  for  the  reception  of  the  national  officers  and 
guests.  The  several  speeches  were  interspersed  with  enter- 
tainment by  "The  Bunch"  and  refreshments  were  served  at  in- 
tervals. Fred  Felderman.  president  of  the  New  York  State 
Association,  was  the  toastmaster. 

A  banquest  was  held  on  Saturday  evening  at  6  o'clock  p.m., 
at  which  the  national  ofl^cers  were  the  honored   guests. 

On  Sunday  afternoon  there  was  an  automobile  trip  to  Long 
Beach,  L.  I.,  concluding  with  a  dinner  at  the  McAIpin  Hotel, 
New  York  City.  On  Monday  they  attended  the  matinee  per- 
formance at  the  New  York  Hippodrome  after  which  the  offi- 
cers and   guests  boarded   their   trains   for   home. 

The  associations  comprising  the  combination  are  Brother- 
hood No.  1;  James  Watts  No.  7;  Protective  No.  23;  Phoenix  No. 
24;  Manhattan  No.  25;  German-American  No.  29;  Empire  No. 
32;  Stevenson  No.  44:  Mott  Haven  No.  47:  Insurance  No.  56; 
Progressive  No.   15 


B©a]l®2°  E-sEpSo^es 

On  the  afternoon  of  Oct.  26  a  30-in..  six-section,  cast-iron 
iieating  boiler  exploded  at  the  undertaking  establishment  of 
Costello  Bros.,  2324  West  Lake  St.,  Chicago.  One  man  was 
killed   and    two   were    injured. 

The  boiler  was  about  tv.'O  years  old  and  had  been  heating 
with  hot  water  a  two-story  brick  building  150  ft.  long,  and 
30  ft.  wide.  This  fall  its  location  had  been  changed  to  the 
rear  of  the  first  floor  and  it  was  being  remodeled  to  heat 
by  steam  under  a  maximum  pressure  of  10  lb.  A  steamfltter 
and  helper  had  been  working  on  the  boiler  and  the  piping 
the  day  of  the  accident.  The  boiler  was  supposed  to  be  empty 
and  a  fire  of  kindling  and  paper  had  been  started  to  test 
out  the  draft.  The  steamfltter  had  just  gone  upstairs  to  in- 
spect the  flue  when  the  boiler  let  go,  blowing  a  hole  in  the 
brick  wall  nearby  and  scattering  the  boiler  over  the  floor. 
The  four  inner  sections  were  badly  broken  while  the  two 
outside    sections    were    only    slightly    damaged. 

The  cau.se  of  the  explosion  is  not  definitely  known,  but  it 
is  supposed  that  some  water  got  into  the  boiler.  After  the 
explosion  the  valves  on  the  steam  supply  and  return  mains 
were  found  open.  One  radiator  had  been  connected  and  it  is 
possible  that  it  might  have  contained  some  water,  as  last 
season  it  formed  part  of  a  hot-water  system.  This  water 
could  have  been  forced  back  into  the  return  pipe  by  pressure 
due  to  heating  the  air  in  the  boiler.  The  usual  result  of  turn- 
ing cold  water   into  a   hot  cast-Iron   boiler  followed. 

On  the  work  bench  nearby  lay  a  1-in.  safety  valve.  It 
had  not  been  put  In  place  on  the  boiler,  nor  could  any  evi- 
dence be  found  of  a  fusible  plug.  No  permit  had  been  sought 
from  or  granted  by  the  city,  so  the  boiler  had  not  been 
Inspected.  In  fact,  the  steamflttcrs  had  not  completely  fin- 
ished their  work.  The  damage  to  property  was  comparatively 
small.     Including  a  new  boiler,  It  should  not  exceed  $500. 

Iiocntlon  of  CondrnaerN- — The  hotwell  of  a  barometric  con- 
denser should  have  a  volume  above  the  lower  end  of  the 
discharge  pipe  equal  at  least  to  the  combined  volumes  of 
the  pipes  above  It.  It  will  then  be  Impossible  for  a  slug 
of  water  to  be  drawn  back  Into  the  exhaust  pipe  by  the 
breaking  of  the  water  seal.  The  cone  should  be  well  above 
the  head  water,  say,  at  least  3  ft.,  and  36  ft.  above  the  hot- 
well  overflow  to  give  the   most  satisfactory   results. 


Digested    by   A.   L.    H. 


JecHsnosas 

STREET 


New  York  Labor  Law  Valid — The  section  of  New  York's 
Labor  Law  which  requires  employers  to  allow  their  men  at 
least  24  hours  rest  in  every  week  was  lately  sustained  as 
being  valid,  as  applied  to  employees  of  power  companies, 
in  the  case  of  People  vs.  Niagara  Palls  Power  Co.,  149  "New 
York    Supplement,"    45. 

Element  of  Damage  in  Condemnlns  Land — In  condemning 
land  along  a  stream  for  water  power  purposes,  the  owner  is 
entitled  to  an  award  covering  depreciation  in  the  market 
value  of  his  remaining  land  caused  by  destruction  by  the  im- 
provement of  a  ferry  affording  him  access  to  a  particular 
market.  (Georgia  Supreme  Court.  Central  Georgia  Power  Co. 
vs.  Cornell,   81   "Southeastern  Reporter,"   882.) 

Landlord's  Obligation  to  Fnrnish  Powrer — Under  a  lease  of 
space  in  a  building  for  light  manufacturing  purposes,  requir- 
ing the  landlord  to  furnish  sucii  power  as  he  has  available,  the 
tenant  is  not  entitled  to  recover  damages  for  the  landlord's 
failure  to  furnish  power,  resulting  from  an  unavoidable 
breakdown  of  the  power  plant  which  occasioned  only  tem- 
porary cessation  of  power.  (Chicago  Embossed  Moulding 
Co.  vs.  Max  G.  J.  Hoffman.  1S4  Illinois  Appellate  Court  Re- 
ports  617.) 

Shares  in  Dam  Privileges — The  mere  fact  that  three  dif- 
ferent parties  who  use  a  dam  for  po'wer  purposes  contribute 
to  the  repair  of  it  in  certain  proportions  does  not  conclusively 
establish  their  right  to  share  in  the  flow  of  the  water  im- 
pounded by  the  dam  in  the  same  proportions,  according  to  a 
recent  decision  of  the  Appellate  division  of  the  New  York 
Supreme  Court,  announced  in  the  case  of  Lyon  vs.  Piser,  149 
"New  York  Supplement."   197. 

Safety  of  Fireman's  Place  of  Work — In  a  i-ecent  suit  in- 
volving a  manufacturing  company's  liability  for  injury  to  its 
fireman,  who  fell  into  an  ash  pit  while  the  boiler  room  was 
clouded  by  steam,  it  was  held  that  the  mere  fact  that  the 
company  permitted  steam  to  escape  into  the  room  and  allowed 
windows  to  remain  liroken  out,  so  that  cold  air  coming  in 
contact  with  tlie  steam  condensed  it,  did  not  estaljlish  such 
negligent  failure  to  provide  a  safe  place  of  work  for  the 
fireman  as  rendered  the  company  liable  for  the  accident. 
Wajer  vs.  United  States  Brewing  Co.,  184  Illinois  Appellate 
Court  Reports  545.) 

Oral  License  to  Maintain  Dam — Although  it  is  a  general 
rule  that  an  interest  in  land  must  be  granted  by  a  written  in- 
strument, founded  upon  a  valuable  consideration,  in  order  to 
be  valid,  the  Florida  Supreme  Court  decided  the  other  day 
that  where  an  owner  of  land  has  granted  oral  permission  for 
the  construction  and  maintenance  of  a  dam  or  other  improve- 
ment upon  his  land  for  the  benefit  of  another,  and  the  latter 
person  has  constructed  such  improvement  at  large  expense, 
the  license  is  irrevocable  by  the  owner  of  the  land  or  his 
successor,  although  nothing  of  value  may  have  passed  in  con- 
sideration therefor.  Albrecht  vs.  Drake  Lumber  Co.,  65 
"Southern   Reporter,"   98.) 

Kesponsibllity  for  Boiler  Kxploslon — When  an  owner  of  a 
power  plant  expressl.v  or  impliedly  invites  persons  to  come 
upon  the  premises,  he  owes  them  a  legal  duty  to  use  a 
reasonable  degree  of  care  to  avoid  their  injury;  but  he  is  not 
an  Insurer  of  their  safety.  This  legal  principle  has  just  been 
applied  by  the  Kentucky  Court  of  Appeals  In  a  suit  brought 
for  the  death  of  a  customer  at  a  mill,  caused  by  explosion  of 
a  boiler.  (Branham's  Administrator  vs.  Buckley,  166  "South- 
western Reporter,"  618).  In  affirming  a  judgment  which  de- 
nied the  plaintiff's  right  to  recover,  although  the  plaintiff's 
evidence  tended  to  show  that  the  explosion  resulted  from  per- 
mitting the  water  to  run  too  low  and  by  then  forcing  cold 
water  into  the  boiler,  the  court  said:  "The  evidence  was  con- 
flicting but  we  cannot  say  that  the  verdict  is  flagrantly 
against  the  evidence.  The  jury  evidently  felt  some  doubt  as 
to  the  exact  cause  of  the  accident;  and,  having  In  mind  the 
fact  that  there  Is  a  general  disposition  among  men  to  pre- 
serve their  property,  and  among  operators  of  steam  boilers  to 
preserve  their  own  lives,  and  that  ordln.arily  these  motives 
will  secure  that  degree  of  care  which  the  defendants  were 
charged  with  under  the  law,  the  Jury  doubtless  believed  that 
the  Injuries  to  plaintiff's  Intestate  were  occasioned,  not  as 
the  plaintiff  contends,  by  negligence  of  the  defendants,  but 
r:ithi-r  by  one  of  those  unfortunate  casualties  which  ordinary 
care   and    prudence   will    not   .always   prevent." 
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Frank  Martin,  formerly  chief  engineer  with  the  American 
H.ard  Rubber  Co..  College  Point,  New  York,  has  accepted  the 
appointment  as  chief  engineer  with  the  Trenton  &  Mercer 
County  Traction  Corporation,  Trenton,  N.  J. 

Wolfgang  Turnwald,  formerly  assistant  to  Prof.  Johann 
Stumpf,  of  Charlottenburg,  Germany,  is  now  associated  with 
the  Stumpf  Una-flow  Engine  Co..  Syracuse,  N.  Y.,  in  connec- 
tion with  the  design  of  the  Stumpf  Una-flow  engines. 

De  Witt  Smith,  formerly  of  Meriden,  Conn.,  and  more  re- 
cently chief  engineer  of  the  Trenton  &  Mercer  County  Trac- 
tion Corporation's  plant.  Trenton,  N.  J.,  has  been  appointed 
chief  engineer  of  the  Methodist  Book  Concern's  building  at 
150  Fifth  Ave.,  New  York. 


with  them  to  understand  the  relation  of  the  laws,  their 
principles  and  their  operation.  Chapter  IV  on  transferring 
and  measuring  heat  and  the  concluding  chapter  on  house 
heating  should  be  found  of  value  to  operating  engineers 
who  are   interested   in    heating   systems. 

At  the  end  of  each  chapter  are  about  ten  examination 
questions  pertaining  to  subjects  treated  in  the  text,  rendering 
the  work  of  greater  value  to  teachers  and  e.xaminers  and  an 
aid  to  the  reader  in  testing  his  knowledge  of  the  subject. 
The  illustrations,  while  not  elaborate,  have  the  merit  of 
explicitness  and  completeness  and  the  details  are  drawn  with 
reasonable  regard  to  actual  proportions  of  the  machinery 
and  apparatus  referred  to  without  loss  of  emphasis. 

A  number  of  appropriate  tables  are  quoted,  such  as  co- 
efhcients  of  expansion,  composition  of  fuels,  heat  given  off 
by  radiators,  properties  of  steam,  specific  heats  of  substances, 
etc.,  making  the  work  a  good  reference  and  textbook  for 
operating  engineers  and  firemen. 


E-MGIMEEE.IHG  AFFAIS.S 


Annual    Dinner  of  Washington    Society   of   Engineers — The 

annual  dinner  of  the  society  will  be  held  at  Rauscher's,  1034 
Connecticut  Ave.  N.  W.,  on  Thursday  evening,  Nov.  19,  1914, 
at  7.30  in  the  evening.  W.  A.  McParland  is  chairman  of  the 
banquet    committee. 

Second  Annual  Industrial  \A'elfnre  and  BfHciency  Confer- 
ence— The  Department  of  Labor  and  Industry  of  the  State  of 
Pennsylvania  is  arranging  for  its  second  annual  conference 
on  industrial  efficiency,  welfare  and  safety  at  Harrisburg, 
Penn.,  Nov.  17,  IS  and  19.  The  first  part  of  the  program  will 
be  in  three  general  sections  dealing  with  industrial  better- 
ment, compensation  and  the  unemployment  problem.  During 
the  remaining  time  it  will  be  divided  into  four  sections, 
safety,  hygiene,  welfare  and  fire-prevention.  These  sections 
will  take  up  the  specific  problems  already  under  considera- 
tion by  the  State  Industrial  Board  or  which  need  to  be  solved, 
and  will  present  so  far  as  possible  practical  information  and 
suggestions  which  can  be  put  into  force  in  Pennsylvania  for 
the  advantage  of  both  labor  and  industrial  prosperity.  All 
individuals  interested  in  industrial  affairs  are  invited  to 
attend  and  take  part  in  the  proceedings.  The  first  session 
will  be  called  at  10  a.m.,  Tuesday,  Nov.  17,  in  the  State 
Capitol.  In  connection  with  the  conference  will  be  held  an 
unusually  effective  safety  welfare  and  efiiciency  exhibition, 
which  opened  on  the  morning  of  Nov.  16  and  will  close  on  the 
evening  of  Nov.  20. 


HEW    FUBLICATIOMS 


EXAMINATION  OF  LUBRICATING  OILS.  By  Thomas  B.  StiU- 
man.  The  Chemical  Publishing  Co.,  Easton,  Penn.  9x6  in., 
125   pages;   cloth.      Price,   J1.25. 

The  rapid  increase  in  the  variety  of  machines,  each  with 
its  own  lubricating  needs,  not  only  complicates  the  methods 
of  testing  oils  owing  to  a  wider  variety  used,  but  it  necessi- 
tates careful  selection.  This  book  gives  in  reasonably  simple 
form,  instructions  for  making  the  many  tests  which  oils 
should  be  given.  There  are  116  illustrations  and  many  tables 
and  charts.  Testing  methods,  specifications  and  laboratory 
report  forms  as  adopted  by  various  railroads  and  other  large 
consumers  of  oil  are  given. 

Most  of  the  illustrations  are  pen-and-ink,  and  are  well 
done,  but  many  of  the  halftones  are  poor,  although  this  is  the 
only  criticism  we   feel   justified  in   making. 

HEAT — By    E.    M.    Shealy,   assistant   professor   of   steam    engi- 
neering. University  of  Wisconsin.     Published  by  McGraw- 
Hill    Book    Co.,    New    York.      Size,    6x9    in.;    262    pages;    110 
illustrations.      Cloth.      Price,    $2. 
This   is  a   textbook   designed   to   supply  students  and   prac- 
tical   engineers    with    the    elementary    knowledge    essential    to 
the    study   and    understanding    of   heat-using    machinery,    such 
as  the  steam  engine,  the  gas  engine,  the  refrigerating  machine 
and   the  air   compressor. 

The  first  part  of  the  work  is  devoted  to  the  fundamental 
laws  relating  to  the  nature,  generation,  transfer  and  trans- 
formation of  heat  with  examples  of  practical  application. 
The  latter  part  of  the  text  treats  of  the  principles  of  heat 
and  refrigerating  machines  and  the  relation  of  the  laws  of 
heat  to  those  classes  of  machinery,  sufl^icient  treatment  of 
each    class    being    given    for    one    who    has    had    no    experience 


GEARING.      By   A.    E.    Ingham       D.    Van    Nostrand    Co.,   New 

York.      Cloth;    181    pages.    5i4x9    in.;    illustrated;    tables. 

Price,    $2.50. 
STEAM   CHARTS.      By   F.   O.    Ellenwood.      John   Wiley  &  Sons, 

Inc.,    New    York.      Cloth;    91    pages.    7x10    in.;    illustrated; 

tables.     Price,  $1. 
COAL    GAS    RESIDUALS.      By    F.    H.    Wagner.      McGraw-Hill 

Book  Co.,  New  York.     Cloth;  179  pages:  6x914   in.;  44  illus- 
trations:   31    tables;    folding  plates.      Price.   $2. 
SHEET   METAL  WORKING.      By    F.    Georgi    and    A.    Schubert. 

D.  Van  Nostrand  Co..  New  York.     Cloth;  151  pages,  5%x8% 

in.;  125  illustrations;  two  folding  plates      Price,  $3. 
GRAPHIC    METHODS    FOR    PRESENTING    FACTS.      By    Wil- 

lard  C.  Brinton.     The  "Engineering  Magazine,"  New  York. 

Cloth:  371  pages,  7xl0'V4    in.;  256  illustrations.     Price,  $4. 
EXAMINATION     OF    LUBRICATING     OILS.       Bv     Thomas     B. 

Stillman.       The    Chemical    Publishing    Co..    Easton,    Penn. 

Cloth;   125  pages,  6x9  in.;   116  illustrations;  tables.     Price. 

$1.25. 
GA.S.    GASOLINE   AND   OIL   ENGINES.      Bv    G.    D.    Hiscox    and 

Victor  W.   Page.      The  Norman  W.   Henlev   Publishing  Co.. 

New  York.      Cloth;    640    pages.   6x9^    in.;    435    illustrations. 

Price,  $2.50. 


Martin  R.  Carpenter,  who  has  opened  an  oflice  at  Room  62, 
Pickering  Bldg.,  Cincinnati,  Ohio,  as  refrigerating  engineer, 
would  be  glad  to  receive  catalogs  and  price  lists  from  manu- 
facturers of  ice  and  refrigerating   machinery,  etc. 


ATLANTIC  COAST  STATES 

Bids  will  be  received  until  Nov.  21,  by  James  Wood,  Pres. 
Bd.  of  Mgrs.,  New  York  State  Reformatory  for  Women,  Bed- 
ford Hills,  N.  Y.,  for  boiler  house  equipment,  underground 
feeders  and  ground-lights  at  the  Reformatory.  Plans  on  file 
at    1224   Woolworth   Bldg.,    New   York.    N.   Y. 

The  City  Council,  Burlington.  N.  J.,  will  change  the  mo- 
tive power  at  the  puinping  station  from  steam  to  electricity  at 
an  estimated  cost  of  $6000.  Four  pumps  operated  by  electric 
motors  will  be  installed.  The  Public  Service  Electric  Co.  will 
furnish   the  necessary  energy. 

Press  reports  state  that  the  Adams  Express  Co.  is  con- 
sidering the  equipment  of  a  power  station  at  Second  and  I 
St.,  Washington,  D.  C.     The  cost  will  be  about  $15,000. 

Plans  are  being  prepared  by  F.  L.  Austin,  240  College  St., 
Burlington,  Vt.,  for  the  construction  of  an  addition  to  the 
power  house  of  the  House  of  Correction.  Rutland,  Vt.  J.  B. 
Weeks.  Rutland,  is  Chn.  of  the  Com.  in  Charge. 

A  switchboard,  costing  $4000  will  be  installed  at  the  plant 
of  the  Webster  &  Southbridge  Gas  &  Electric  Co.,  Southbridge, 
Mass.     J.  S.   Shaw.  Webster,   is  Mgr. 

The  capital  stock  of  the  United  Illurrtinating  Co.,  New 
Haven.  Conn.,  has  been  increased  by  $500,000.  Improvements 
will  be  made  at  the  New  Haven  plant.  R.  A.  Manwaring, 
New  Haven,  is  Mgr. 

SOITTHERN    STATES 

The  City  Council.  West  Monroe,  La.,  contemplates  in- 
stalling  a   municipal   light   and   power  plant. 

According  to  press  reports,  plans  are  being  prepared  by 
B.  L.  Baldwin  &  Co..  Perin  Bldg..  Cincinnati,  Ohio,  for  the 
construction  of  a  power  house  for  Rohen  &  Martin,  at  Mavs- 
ville,  Ky. 

The  Kellogg  Toasted  Corn  Flakes  Co.,  Battle  Creek,  Mich., 
Is  having  plans  prepared  by  W.  J.  Morehouse,  343  South  Dear- 
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THE  ECONOMY 
*-       THAT  WASN'T 


By  BERTON  BR ALB V 


E  had  an  isolated  plant, 

A  ven'  handy  installation, 
But  agents  came  and  said,  "You  can't 

Compete  with  our  great  central  station. 
We'll  sell  you  power  mighty  low, 

Much  cheaper  than  you'll  ever  make  it. 
By  facts  and  figures  we  can  show 

How  much  you'll  save  if  you  will  take  it." 

They  washed  our  arguments  away 

With  floods  of  figures  almost  tidal, 
Persuading  us  that  it  would  pay 

To  let  our  little  plant  lie  idle. 
They  got  us  on  their  list,  all  right, 

The  service  proved  most  efficacious, 
And  oh  we  thought  that  we  were  bright 

And  almost  brilliantly  sagacious. 

And  then — and  then  the  power  failed. 

"The  lines  were  down,"  somewhere  or  other 
And  while  we  ranted  and  we  railed 

We  lost  a  day — and  spoiled  another. 
We  raved  and  'phoned,  and  'phoned  and  raved 

We  talked  both  angrily  and  sweetly. 
It  mattered  not  how  we  behaved. 

The  power  still  was  dead — completely. 

They  got  it  going  by  and  by 

And  promised  us  no  further  worry, 
But  wintertime  was  drawing  nigh 

When  people  df)n  their  garments  furry. 
We  started  up  our  winter  fires 

To  meet  that  chilly  situation. 
(It's  hard  to  heat  your  plant  with  wires 

Connected  with  a  power  station). 

Our  coal  bill  proved  almost  as  great 

As  when  our  plant  gave  heat  AND  power, 
And  now  we  have  to  add  the  rate 

VV'e  pay  per  kilowatt  per  hour. 
In  fact  we  haven't  saved  a  bit; 

The  old  plant  made  the  better  showing. 
And  we  are  going  back  to  it 

The  minute  we  can  get  it  going! 
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By  a.  D.  WiLLiAJis 


SYXOPSIS — A  plant  of  unusual  design  installed  by  the 
Pennsjilrania  R.B.  Co.  to  supply  power  for  operating  its 
ore  dock-  and  light  and  power  to  its  yards  and  stations  in 
the  city  of  Cleveland. 

In  the  design  of  this  plant  two  classes  of  power  were 
necessary  in  addition  to  both  arc-  and  incandescent-light- 
ing requirements :  direct  current  at  250  volts  for  the  oper- 
ation of  four  17-ton  Hulett  ore  unloaders  and  a  15-ton 
ore  bridge,  and  three-phase,  60-cycle,  220-volt  power  cir- 
cuits for  other  requirements.  Lighting  is  furnished  from 
the  direct-current  supply  to  the  unloaders,  bridge  and 
the  power  house ;  the  yard  is  lighted  from  a  mercury  rec- 
tifier supplying  50  magnetite  arc  lamps,  and  110-volt  al- 
ternating current  furnishes  light  to  a  machine  and  re- 
pair shop  and  supplements  the  yard  lights. 


nary.  Coal  is  delivered  in  hopper-bottom  cars  which  are 
run  over  and  dumped  into  a  track  hopper  about  60  ft. 
long  on  the  west  side  of  the  building.  The  siding  is 
11  ft.  above  grade  and  e.xtends  along  the  side  of  the  coal- 
receiving  trough  farthest  from  the  building.  This  trough 
is  so  constructed  that  the  coal  will  fall  away  from  the 
receiving  track  into  the  portion  of  the  trough  covered  by 
the  monorair  grab-bucket  trolley,  which  runs  on  a  track 
72  ft.  above  grade;  the  bottom  of  the  coal  trough  is '4  ft. 
below  grade,  malcing  the  total  lift  76  ft.  The  trough 
gives  a  storage  capacity  of  about  1500  tons,  and  two  100- 
ton  bunkers  serve  each  pair  of  boilers;  provision  has 
been  made  for  a  third  bunker.  The  monorail  coal  trolley 
carries  a  tliree-tou  grab-bucket  and  has  a  hoisting  speed 
of  300  ft.  per  min.  In  order  to  prevent  this  heavy  bucket 
from  damaging  tlie  trough,  an  armor  of  old  steel  rails 
is  placed  in  the  bottom.  The  coal  trolley  runs  on  an  I- 
beam  track  wliich  forms  a  letter  U.  One  side  of  the  U 
is  over  the  receiving  trough,  the  curved  portion  is  to  the 
north  of  the  plant,  while  the  other  leg  is  over  the  center 
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Fig.  1.     Plan  of  Powei;  Plant 


Upon  the  west  end  of  the  new  ore  wharf  of  the  com- 
pany the  plant  is  situated.  The  entire  site  of  the  wharf, 
covering  about  40  acres,  was  originally  under  water,  and 
it  required  about  1,000,000  cu.yd.  of  fill  to  bring  the 
average  grade  up  to  about  41/2  ft.  above  mean  lake  level. 
The  basement  floor  excepting  two  trenches  for  railroad 
tracks,  is  six  inches  above  this  grade,  or  from  two'  to  six 
feet  above  the  maximum  and  the  minimum  lake  levels. 
The  foundations  for  the  building  and  machinery  are  car- 
ried by  three  hundred  .30-ft.  reinforced-concrete  piles  cast 
in  vertical  molds  and  after  seasoning,  driven  through  the 
fill.  The  basement  structure,  to  the  first-floor  level,  is  of 
reinforced  concrete  and  carries  the  boilers,  the  main  ma- 
chinery and  the  coal  Inmkers.  The  superstructure  is  of 
buff  brick  with  cement  copings,  steel-framed  windows  and 
stone  and  cement  trinnnings,  except  tlie  penthouse  cov- 
ering the  coal  bunkers  and  crusher,  which  is  inclosed  in 
cement  mortar  on  metal  lath. 

The  coal-handling  arrangements  are  out  of  the  ordi- 


of  the  boiler  room  (see  Fig.  1).  This  track  is  supported 
on  high  skeleton  steel  masts  outside  of  the  building,  and 
the  portion  over  the  boiler  bunkers  is  in  a  penthouse  pro- 
tecting the  trolley  when  not  in  use  and  also  containing 
the  motor-driven  coal  crusher. 

This  crusher  is  mounted  upon  a  track  and  can  be 
moved  over  either  of  the  bunkers ;  it  is  fed  through  a  hop- 
per from  the  grab  bucket  and  discharges  by  gravity  into 
the  bunker.  These  bunkers  have  hopper  bottoms  and  out- 
lets with  gates  arranged  to  feed  the  boilers  on  each  side 
of  the  firing  aisle  through  a  breeches  spout  of  square 
cross-section  having  inverted  V-spreaders  at  their  lower 
ends  which  cover  the  full  length  of  the  stoker  hopper.  At 
first,  these  breeches  spouts  clogged  and  required  beating 
with  a  slicebar  to  bring  down  the  coal.  This  was  rem- 
edied by  drilling  holes,  pointing  upward,  close  to  the 
points  where  the  scaffolds  seemed  to  form  and  tapping 
them.  An  air  line  was  then  run  to  each  spout  from  the 
compressed-air  supply  and  connected  to  a  pipe  nozzle  in- 
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serted  through  the  spent  holes.  A  lever  whistle  valve 
with  a  cord  led  to  a  convenient  location  enables  the  fire- 
man to  break  up  any  scaffolds  that  form,  by  the  air  blast 
with  100  lb.  pressure.  This  method  has  proved  satisfac- 
tory. 

Each  boiler  is  fired  by  a  Eoney  stoker  set  in  a  4-ft. 
"dutch  oven"  or  cokinc  arch.     These  stokers  are  driven 


and  at  the  center  wall.     Fig.  S  shows  a  section  through 
one  of  these  stokers  and  the  steam  piping. 

A  feature  of  these  stokers  is  their  division  into  two 
sections  with  separate  ashpits  and  doors  for  closing 
the  ashpits  and  cutting  down  the  draft  when  the  boilers 
are  banked.  From  the  receiving  hopper  on  the  stoker 
the  coal  feeds  down  under  a  coking  arch  extending  one- 
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by  small  AVostinghonsc  engiuos  siipplicil  with  steam  from 
the  iiuxiliary  header.  The  e.xhaust  from  the  engines  i.s 
led  to  perforated  pipes  from  which  it  blows  into  the  fire 
bed  on  the  stoker.  Live  steam  is  also  brought  to  jets  on 
the.se  stokers  and  perforated  water  ))ipes  for  quenching 
the  a.shes  are  installed  in  each  ashpit,  along  both  sides 


half  the  dc|>tb  of  the  stoker  grate.  Tlic  rear  half  is  cov- 
ered liy  the  regular  arch  gas  halflc  used  in  all  Stirling 
boiler  settings.  Below  the  front  ])ortion  of  the  grate 
tiiere  is  a  Hat  portion  of  the  floor  from  vvliicli  fine  coal 
dropping  through  at  this  point  may  be  recovered.  The 
rear  portion  of  the  ashpit   forms  a  chute,  built  in   tiie 
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reinforced-ponerete  floor,  which  is  dosed  by  a  flat  gate 

slidiiisr  horizoutally.     A  railroad  trat-k  runs  under  each 

row  of  hollers  and  the  ashes  are  discharged  into  steel 

hopper-bottom  cars  kept  standing  in  the  basement.  This 
arrangement  eliminates  all  ash-handling  machinery  and 

steam  fo  Sinker 

:  Engines     ^      Cxfraust  from 
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Fig.  8. 


Siding  gate  dis- 
charging info  B  Rear 
on  track  in  basement 

Section  TiiKouciir  FruxACp: 


lines  are  in  duplicate  and  normally  operate  together,  but 
either  may  be  shut  down  without  interfering  with  the  op- 
eration of  the  plant.    There  are  meters  in  the  feed  lines. 

Of  the  two  steam  headers,  the  main  header  is  fur- 
nished with  superheated  steam  but  so  connected  that  the 
superheaters  can  be  short-circuited  if  desired;  an  aux- 
iliary header  is  supplied  direct  from  the  drum  of  the 
boiler. 

In  the  generating  equipment,  there  are  three  750-kv-a. 
turbogenerators  driven  by  Parsons-type  turbines  at  3600 
r.p.m.  and  provided  with  jet  condensers.  The  generators 
deliver  three-phase,  (iO-cycle  current  at  2200  volts  and  ex- 
citation is  provided  by  a  motor-driven  and  a  turbine- 
driven  exciter,  each  of  25-kw.  capacity. 

As  previously  stated,  the  unloaders  and  the  ore  bridge 
arc  operated  by  250-volt  direct-current  motors.  The 
motor  equipment  of  the  ore  bridge  comprises  the  follow- 


the  loaded  cars  can  be  hauled  out  and  dumped  on  parts  of 
the  wharf  site  where  the  fill  has  not  yet  been  completed. 
The  boiler  room  contains  three  600-hp.  boilers  with 
superheaters,  each  having  an  independent  steel  stack  6(5 
in.  in  diameter  and  12-")  ft.  high.    Two  of  the  boilers  are 


Hp. 
450 
150 
150 


2  225-hp.  hoisting  imd  loadin.c  motors 

2       7.5-hp.  trolley  traveling  motors 

2       7.5-hp.  bridge  traversing  motors 

2       25-hp.  operating  gates  on  loading  hoppers ._ ou 

T.ital 800 

The  nominal  capacity  of  this  bridge  is  1000  tons  per  hr. ; 
the  hoisting  speed  of  the  15-ton  bucket,  175  ft.  per  min. ; 


jo.      Equipment 

3  Boilers 

.•}  Stokers 

2  Engines 

2  Pumps.  ....... 


PRINCIP.\L   EQUIPMENT  OF   WEST   BREAKWATER   P0WT5R    PLANT,    CLEVELAND,    OHIO 
Kind  Size  I'ae  Operating  Conditions  Maker 

Stirling  water-tube. .     000  hp Main  units 150  lb.  pressure,  100°  superheat Babcock  &  Wilcox  Co. 

Roney  inclined  grate.    110  sq.ft Ohio  screenings Westinghousp  Mach.  Co. 

Vertical,  single-acting  4  [x4  in Stoker  drive 150  lb.  pressure Wcstinghouse  Mach.  Co. 

Centiitugal  2-stage,  ,   350  gal.  per 

min Boiler  feed 438  ft.  head,  3100  r.p.m De  Laval  Steam  Turbine  Co. 

40  hp Drive  boiler  feed  pump.   150  lb.  pressure,  non-condensing De  Laval  Steam  Turbine  Co. 

2.5  tons,  300 

ft.  per  min.  Receiving      trough      to 

bunkers Grab  bucket,  68  ft.  hoist Sprague  Elec.  Co. 


2  roll. 


1  Air  compressor . 


2.j(M)  hp Boiler  feed  heater Exhaust  from  auxiliaries Harrison  .Safety  Boiler  Works. 


3  Turbines. . . . 
3  Condensers. 
3  Turbines 


Induction 

Alternating  current. 


Horizontal  reaction . 


1  Generator.. 
1  Turbine . 
1  Generator. , 

1  Motor 

3  Rotary 
verters.  . 


Horizontal  reaction. 

Direct  current.. 
Horizontal  reaction . 

Direct  current 

Induction 


12ixl2in...   Railroad    switches    and 

house  service 100  lb.  pressure . Ingersoll-Rand  Co. 

75  hp Air  compressor  drive,    .  3  phase,  60  cycles,  220  volts Wcstinghouse  E.  &  M.  Co. 

750  kv.a. .    .    Main  units 3  phase,  60  cycles,  2300  volts,  3600  r.p.m.,  08% 

regulation .^llis-Chalmers  Co. 

750  kw Main  unit 150  lb.  pressure.  100°  superheat,  3600  r.p.m. . .  Allis-Chalmers  Co. 

On  main  units 28-in.  vacuum Allis-Chalmers  Co. 

50  hp Drives  circulating  water 

and  air  pump 150  lb.  pressure,  non-condensing Kerr  Turbine  Co. 

25  kw Exciter 208  amp.,  120  volts,  2400  r.p.m Allis-Chalmers  Co. 

25  kw Drive  exciter 150  lb.  pressure,  non-condensing .\llia-Chalmers  Co. 

25  kw Exciter 208  amp.,  120  volts,  850  r.p.m .\llis-Chalmers  Co. 

34  hp Exciter  drive 3  phase,  60  cycles,  2200  volts .\lli8-Chalmers  Co. .  . 


3  Transformers. . 
1  Equalizer . . . 

1  Switchboard.. 

2  Rectifier  sets. 

2  Pumps 

3  Transformers. 
3  Transfo 

1  Strainer 

2  Pumps.  . 

2  Motors.. 


6  phase,  60  cycle 600  k» 

Oil    insulated    water 

cooled 550  kv.a.      . 

Flywheel    motor-gen-  500  kw..  25.- 

erator 000  hp.-sec. 

.Alternating  and  direct 

current 21  panels. .  . 

50  lamp .... 


A.C.-D.C.    transforma- 
tion     175  volts  A.C.  to  250  volts  D.  C.  2000  amp...    Wcstinghouse  E.  &  M.  Co. 


Rotary  converters. . . 

Peak  load  on  direct  ( 

rent  circuits 


3  phase.  60  cycles,  2200  volts  to  6  phase,  175  v.  Wcstinghouse  E.  &  M.  Co. 
2.50  volts.  2000  amp.,  floats  on  line  600  to  720 

r.p.m Wcstinghouse  E.  &  M.  Co. 


1  Crane 

Water  meters.. . 
Piping  and  valve 


Duplex  reciprocating.  3ix2Jx3in.. 

Oil  insulated 5  kw 

Oil  insulated 40  kw 

Elliot  twin Sin 

Vertical  twin  volute. .   5  in.,  .500  gal. 

perm" 
Induction  vertical 

shaft... 15  hp. 

Hand  traveler 15  ton. , 


Power  control Ft.  Wayne  Wks.,  General  E.  Co 

Arc  lamps  D.  C.  mag- 
netite    General  Electric  Co. 

Main  unit  lubrication. .    150  lb.  pressure,  non-condensing T.  M.  Prescott  Co. 

Lighting Delta-delta  connections,  2200  volts,  110  volts.  Pittsburgh  Transformer  Co. 

Power Delta-delta  connection,  2200  volts  to  220  volts .  Pittsburgh  Transformer  Co. 

Water  service •. EUiot  Co. 

.   30  ft.  head,  1133  r.p.m Watson-Stillman  Co. 


Water  service .  . 

Drive  service  pumps.      3  pha.se,  60  cycle,  1133  r.p.m .• Wcstinghouse  E.  &  M,  Co. 

Turbine  room Whiting  Foundry  Equipment  Co 

On  boiler  feed  lines Henry  R.  Worthington 

' Pittsburgh    Valve,     Foundry    & 

Equipment  Co. 


on  the  side  adjoining  the  turbine  room  while  the  third 
is  on  the  west  side  of  the  boiler  room.  The  floor  space 
is  sufficient  to  install  three  additional  boilers  as  soon  as 
the  demands  warrant  such  extension. 

There  is  a  2500-hp.  feed-water  heater  in  the  boiler  room 
and  the  exhaust  steam  from  the  feed  and  circulating- 
water  pumps  is  led  to  this  heater,  which  is  supplied  with 
water  from  the  house-service  system.  From  the  heater, 
the  feed  water  flows  down  to  the  basement  to  a  pair  of 
twin  volute  turbine-driven  boiler-feed  pumps  controlled 
by  pump  governors.  The  water-supply  to  each  boiler 
is  controlled  by  feed-water  regulators.     The  boiler-feed 


the  trolley-travel  speed,  from  (300  to  800  ft.  per  min.,  and 
the  bridge  travel  50  to  75  ft. 

The  four  ore  unloaders,  having  a  capacity  of  from  oS,- 
000  to  40,000  tons  per  day  when  operated  double  turn, 
are  equipped  with  17-ton  buckets  and  have  the  following 
motors  on  each  machine : 


300-hp.  walking-beam  hoist  motor 

100-hp.  trolley  motor 

100-hp.  bucket-closing  and  opening  motor. 

25-hp.  bucket^rotating  motor 

1,50-hp.  receiving  hopper  operating  motor.  . 
1.50-hp.  iarry  car  hauling  motor 

35-hp.  Iarry  car  gate  operating  motor.  .  .  . 


Total . 
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In  addition,  direct  current  is  supplied  to  a  batter}-  of 
narrow-gage  electric  poling  locomotives,  used  to  spot  cars 
under  the  unloaders  when  they  discharge  cargo  direct 
into  the  cars. 

The  direct-current  peak  load  from  the  four  unloaders 
will  approximate  2000  kw.  and  that  from  the  ore  bridge 
is  about  1600  kw.  The  fluctiuitions  are  rapid,  swings  of. 
from  1200  to  1500  kw.  frequently  occurring  at  intervals 
of  from  15  to  30  seconds.  Three  600-kw.  rotary  trans- 
formers supply  this  direct-current  load  and  to  smooth 
out  the  violent  swings  a  500-kw.  flywheel  motor-gener- 
ator set  is  kept  floating  on  the  line.     This  machine  has 


three  bearings  and  the  armattire  shaft  carries,  in  addition, 
a  20-ton  flywheel  Iniilt  up  of  heavy  steel  plates.  Windage 
losses  are  reduced  by  inclosing  the  wheel  in  a  steel-plate 
housing.  Under  normal  conditions,  the  speed  of  this  ma- 
cliine  ranges  from  600  to  T20  r.p.m.,  acting  as  a  motoi, 
absorbing  power  at  the  higher  speeds  and  restoring  power 
to  the  line  as  the  speed  drops.  A  liquid  field  regulator 
automatically  regulates  the  speed  so  that  the  load  on  the 
rotary  transformers  is  held  within  10  per  cent,  variation. 
The  storage  power  of  the  fl\-wlieel  is  approximately  25,000 
hp.-sec.  and  the  machine  is  designed  to  carry  a  100  per 
cent,  overload  10  sec.  out  of  every  2  minutes. 
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SYNOPSIS — Features  to  he  oltserved  in  building  asA- 
pits.  How  to  figure  their  capavity.  Faults  and  merits  of 
typical  designs. 

There  are  several  fundamental  principles  to  consider 
in  connection  witli  any  designs  or  recommendations  made 
for  ashpits.  As  discussed  in  this  article  the  considera- 
tions apply  strictly  to  chain  grates,  but  the  general  prin- 
ciples hold  for  practically  every  kind  of  stoking  appara- 
tus.   The  features  to  be  observed  are: 

1.  The  pits  should  be  of  ample  capacitv'. 

2.  The  removal  of  ash  from  the  pits  should  be  accom- 
plished by  a  minimum  amount  of  labor. 

3.  The  design  should  be  such  that  the  maintenance 
cost  of  valves  and  doors  is  minimum. 

These  featiires  also  hold  true  regardless  of  the  type  of 
carrier  or  conveyor  which  disposes  of  the  ashes  after  they 
are  removed  from  the  pits,  although  the  type  of  carrier 
is  one  of  the  items  which  must  govern  the  kind  of  pit 
adopted. 

Capacity  of  Ashpit 

It  is  desirable  to  design  ashpits  of  a  sufficient  capacity 
to  accommodate  the  ashes  from  an  18-  or  20-hr.  run. 
Such  pits  avoid  the  necessity  of  a  night  shift  for  ash 
handling  and  insure  the  stoker  equij)ment  against  those 
ills  consequent  to  permitting  ash  and  clinker  to  accum- 
ulate up  to  the  stoker  mechanism. 

While  it  is  seldom  possible  to  obtain  jiits  of  siidi  ample 
capacity,  with  the  modern  ideas  and  proportions  of  de- 
signs, pits  having  capacities  of  12  to  14  hr.  are  usually 
obtainable.  The  latter,  while  not  quite  safe  from  an 
operating  stanil|K)int,  do  away  witli  the  night  asli-hand- 
linp  shift,  providing  the  ash-disp<ising  system  is  ample 
to  perform  this  work  in  the  day  tinu?  and  if  the  day 
shift  leaves  tiio  ashpits  dean  when  it  goes  olf  duty. 

Tlie  prol)l('m  of  providing  sufficient  ca))acity  is  simple. 
l)etermiiie  the  maximum  anio\nit  of  fuel  that  can  ho 
burned  on  the  grate.  This  is  a  product  of  the  jMninds  of 
coal  burnable  per  square  foot  of  grate  surface  per  hour 
and  the  number  of  square  feet  of  grate  surface.  The  con- 
tractor's specifications  usually  state  both  of  these  items. 
In  the  absence  of  such  specifications  or  guarantees  a  study 
of  the  draft  jirovision  will  give  a  basis  on  which  to  esti- 
mate the  conil)ustion  rale,  as  the  handbooks  and  catalogs 
of  the  lx>iler  and  stoker  companies  have  information  re- 


garding the  combustion  rates  ohtainaljle  with  any  given 
draft. 

It  is  desirable  to  use  the  maximum  rate  on  the  as- 
sumption that  some  day  it  will  be  necessary  to  operate  for 
a  considerable  period  at  that  rate  regardless  of  the  sta- 
tion's supposed  requirements  and  the  designer's  inten- 
tions. The  maximum  percentage  of  ash  or  refuse  should 
be  then  considered  and  ample  allowance  made  for  the 
lowest  grade  of  fuel  in  the  market.  The  product  of  the 
percentage  of  refuse  and  the  hourly  fuel  consumption 
will  be  the  number  of  pounds  of  ash  and  refuse  obtained 
per  hour. 

A  study  of  average  test  results  with  the  fuels  under 
consideration  will  serve  as  a  guide  to  the  percentage  of 
ash  and  refuse  to  use  in  the  foregoing  calculations.  With 
the  high-grade  fuels  of  the  Atlantic  seaboard  it  would  be 
safe  to  provide  for  refuse  to  the  amount  of  10  per  cent, 
of  the  fuel,  with  coals  of  the  Pittsburgh  district  15  per 
cent,  and  of  Illinois  and  Indiana  20  per  cent.  Coals  of 
Iowa  and  some  Southwestern  localities  contain  as  high 
as  40  per  cent,  of  ash  by  analysis. 

A  culjic  foot  of  ash  weighs  from  40  to  50  lb.,  depend- 
ing upon  its  qualit}'.  For  safety  in  allowing  ample  pro- 
portions, 40  lb.  should  be  used.  In  this  way  the  capacity 
in  cubic  feet  necessary  to  acconnnodate  one  hoiir's  ash  is 
determined,  and  an  analysis  of  any  proposed  design  can 
at  once  be  made  from  a  standpoint  of  suitable  capacity; 
or  a  pit  can  be  proportioned  to  hold  the  ash  and  refuse 
for  a  given  period  of  operation. 

Ease  ok  Ci.eaxing 

It  is  important  that  the  ashes  be  removed  from  the  pits 
without  unusually  hard  and  di.sagrceable  labor,  other- 
v/ise  the  ])its  will  not  be  cleaned  regularly  and  properly. 
It  will  be  difficult  to  relain  laborers  for  this  work  and  the 
cost  of  removal  will  be  high,  to  say  nothing  of  damage 
to  tbc  ashpits  and  sli)kcrs  if  the  ]>\U  are  habitually  p«'r- 
nn'ttcil  to  become  o\crlillcd. 

From  this  second  standpoint  the  design  of  pits  is 
largely  one  of  motion  study  and  of  the  method 
used  in  removing  ash.  From  these  considerations  it  is 
desirable  to  have  the  discharge  door  at  a  convenient 
height  for  the  oi)erator  to  use  a  hoe  or  a  shovel,  which- 
ever the  particular  design  nuiy  call  for.  It  is  better  to 
have  this  door  too  low  rather  than  too  high. 

Pits  must  also  be  .so  designed  that  there  is  atni)le  room 
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to  use  ;i  hoe  or  shovel.  Some  pits  necessitate  hand  shovel- 
ing, and  wlien  this  design  is  used,  there  should  be  plenty 
of  room  to  use  a  shovel.  In  other  designs  the  ashes  are 
hoed  forward,  but  the  distance  they  are  to  be  drawn  must 
not  be  too  long  (8  ft.  is  about  the  ma.ximum)  :  there 
must  be  clearance  for  the  hoe  as  the  ashes  are  dragged 
forward. 

Where  valves  are  used  on  ash  hoppers,  see  that  the 
valves  can  be  opened  and  closed  readily  from  the  floor 
i.nd  while  tlie  ash  car  is  under  the  valve.  Moreover, 
such  designs  should  provide  means  for  inspecting  the 
hoppers  to  see  that  the  ashes  have  been  thoroughly  dis- 
charged and  for  readily  poking  tlown  any  lodged  ash  or 
clinker  without  danger  to  the  operator. 

Pits  that  are  relatively  small  but  are  accessible  and 
easily  cleaned  give  better  results  than  large  pits  in- 
volving heavy  labor  and  perhaps  some  danger. 

ilAIXTENAXCE 

The  maintenance  cost  of  ashpits  is  often  high,  partic- 
ularly where  there  is  considerable  clinker  and  where  the 


it  is  practically  impossible  to  maintain  after  a  few  weeks' 
operations  with  pits  of  a  design  permitting  ash  to  accum- 
ulate against  the  discharge  doors. 

Bearing  directly  upon  the  cost  of  maintenance  of  ash- 
pits is  their  accessibilit}'.  Some  are  provided  with  long 
chutes  or  small  valves  or  doors  which  are  inaccessible  and 
the  cost  of  repairing  the  pits  or  relining  them  is  con- 
sequently higlier  tlian  normally. 

Tvi'icAL  Designs 

To  make  the  discussion  specific,  a  number  of  ashpit 
designs  are  shown  and  attention  is  called  to  their  faults 
or  merits.  They  by  no  means  cover  the  field  Init  they 
are  somewhat  typical  and  serve  to  represent  certain  prin- 
ciples. 

Small  plants  of  1000  hp.  and  less  seldom  have  any 
but  manual  means  for  handling  ashes,  and  ashpits  of  the 
designs  shown  in  Figs.  1  and  2  are  usually  employed. 

Fig.  1  represents  a  plain  pit  of  rectangular  section  and 
lias  in  its  favor  cheap  construction.  The  length  of  this 
type  necessitates  that  the  ashes  be  hoed  forward  and  then 
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sulphur  content  is  high.  It  is  desirable  from  an  oper- 
ating standpoint,  and  usually  from  the  maintenance 
point,  to  provide  ashpits  with  a  water-sprinkler  sj'stem  to 
quench  the  ashes.  However,  if  there  is  exposed  steelwork 
the  corrosion  will  be  rapid  and  the  maintenance  cost  will 
go  up. 

Concrete-  or  brick-lined  pits  are  most  desirable  and 
those  pits  which  do  not  permit  ash  and  clinkers  to  pile 
against  the  discharge  doors  or  valves  give  the  best  all- 
around  results.  The  reasons  for  tliis  are  that  when  ashes 
are  piled  against  the  discharge  doors,  no  matter  how  well 
these  doors  are  made,  there  will  be  a  considerable  air 
leakage,  and  this  air  drawing  through  the  ash  will  con- 
tinue the  combustion  of  any  unconsumed  fuel.  This  ac- 
tion results  in  a  mass  of  clinkers  in  the  ashpit  or  hopper 
which  is  difficult  and  perhaps  dangerous  to  remove.  ]\Iore- 
over,  the  combustion  against  the  discharge  doors  results 
in  the  rapid  warping  and  burning  of  the  metal  parts. 
Many  types  of  stoker  should  have  tight  ashpits  which 


be  shoveled  out  into  a  barrow  or  car.  Such  pits  should 
be  used  only  in  plants  operating  four  or  less  boiler.s,  as  any 
excess  will  warrant  a  more  elaborate  system  of  ash  re- 
moval. An  analysis  of  this  design  indicates  that  it  can 
seldom  be  made  of  ample  capacity;  the  removal  of  ash  is 
difficult  but  the  maintenance  is  extremely  low. 

Fig.  2  represents  a  sloping  pit.  Such  pits  are  used 
where  it  is  impossible  to  excavate  to  a  proper  depth,  but 
the  results  are  usually  unsatisfactory.  The  design  is 
a  failure  from  the  capacity  standpoint  and  also  largely 
from  the  point  of  ash  removal. 

Fig.  3  indicates  an  ash  hopper.  These  can  be  made 
of  various  designs  and  are  frequently  used  in  the  largest 
stations.  It  is  preferable  to  have  such  hoppers  lined 
with  firebrick.  They  should  have  large  valves,  preferably 
24  or  30  in.  square,  as  this  is  a  type  in  which  the  ash 
clinkers  against  the  discharge  valve.  Some  designs  have 
been  made  with  diverging  sides  so  that  the  ash  and 
clinker  cannot  lodge.     This  pit  indicates  that  it  can  be 
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made  of  amjile  capacity  ana  that  il'  care  be  taken  in  tlie 
design  the  removal  of  ash  is  not  difficult,  but  its  upkeep 
is  against  it;  in  addition,  it  is  difficult  to  inspect  and  to 
repair. 

The  pit  shown  in  Fig.  4  is  a  desirable  design  and  can  be 
made  to  meet  the  proper  requirements  better  than  any 
of  the  others  discus.sed.  Ample  capacity  is  provided  and 
the  ashes  are  retained  on  a  liorizontal  brick-lined  or 
concrete  floor  and  are  not  in  contact  with  the  metal 
discharge  door.  There  is  no  tendency,  therefore,  for 
the  door  to  warp  and  become  leaky,  and  the  ash  itself  re- 
mains in  the  same  finely  divided  state  in  which  it  was  dis- 
charged from  the  grate. 

Ashes  are  removed  by  a  hoe  from  tliis  pit,  and  the 
designer  should  make  sure  that  the  horizontal  distance 
of  the  ashpit  floor  is  not  over  8  ft.  He  should  also  see 
tliat  there  is  fully  8  ft.  clearance  in  front  of  the  door 
for  the  handle  of  the  hoe  when  withdrawn.  These  pits 
when  6  ft.  wide  or  under  should  have  one  24-in.  square 
ca.st-iron  door;  when  in  excess  of  this  width  two  doors 
of  tliis  .size  should  be  provided. 

Tliis  design  has  tlie  three  features  of  capacity,  ease 
of  ash  removal  and  low  maintenance.  It  can  be  mod- 
ified to  permit  shoveling  from  the  floor  in  cases  where 
the  head  room  is  slight  or  modified  to  permit  hoeing  into 
a  railway  car  where  basements  are  designed  along  such 
lines. 

Sometimes  due  to  soil  condition.?,  to  pipe  lines  or  to 
other  local  conditions,  it  is  undesirable  to  excavate  for 
an  ashpit  in  front  of  the  bridge-wall  and  the  pit 
has  to  be  put  forward  in  front  of  the  boilers.  This 
necessitates  the  use  of  an  ash  drag  or  conveyor,  as  shown 
by  Fig.  5.  The  mechanism  for  such  a  device  is  sim- 
ple and  the  results  obtained  are  satisfactory.  The  ar- 
rangement costs  more  than  the  plain  pit,  Fig.  1,  but  re- 
quires less  labor  for  ash  removal,  although  this  is  par- 
tially off.set  by  the  additional  labor  consequent  to  an  ad- 
ditional piece  of  conveying  machinery.  The  capacity  of 
such  a  pit  is  low,  but  the  danger  of  overfilling  it  is  re- 
moved, the  ashes  being  drawn  forward  where  they  can  do 
no  harm. 

Special  types  of  ash-conveying  maihincry  improve 
some  of  the  designs  materially,  for  instance,  the  ])lain  pit 
shown  in  Fig.  1.  Wlien  provided  with  a  steam-jet  system 
or  a  pneumatic  ash-handling  .system.  Fig.  6,  it  becomes  a 
clesirabie  design  as  to  ease  of  ash  removal,  although  the 
capacity  of  the  pit  is  still  limited. 

The  hojjper  arrangement.  Fig.  '^,  lends  itself  to  almost 
any  type  of  conveying  machinery  or  car  system,  as  does 
that  shown  in  Fig.  4. 

The  design  shown  in  Fig.  5  can  he  improved  by  using 
the  p  cumatic  ash-handling  .system  or  a  steam-jet  con- 
veyor. Fig.  7. 

Tiie  foregoing  considerations  cover  t)nly  the  general 
principles  involved  and  specific  cases  require  special  de- 
sign. However,  their  api)licati()n  may  serve  as  a  guide 
in  laying  out  this  feature  of  the  power  plant. 

y. 

What  the  Knelnper  C'nn  Dii — AmonK  the  functions  of  the 
operatInK  engineer  none  i«  more  Important  than  advising  the 
plant  owner  In  the  purchase  of  new  equipment.  The  more 
able  an  engineer  I.h  In  selectlnR  the  best  apparatus,  the 
greater  his  value  to  hl.s  employer  and  the  more  likely  that 
the  right  types  of  machines  go  into  the  plant.  Today  the 
plant  owner  expects  more  of  his  engineer  than  doing  routine 
operating  work,  and  often  studying  machinery  contracts, 
specifications  and  correspondence  in  connection  with  former 
purchases  has  well   repaid   the  engineer 
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By  J.  C.  Hawkins 

Nearly  all  states  and  cities  with  boiler-inspection  laws 
require  that  where  two  or  more  boilers  are  connected  lo  a 
common  header  and  the  pressure  is  over  10  lb.,  there  shall 
be  two  valves  on  the  branch  to  each  boiler,  one  of  which 
shall  be  nonreturn.  This  is  to  lessen  the  danger  of  em- 
ployees being  scalded  by  escaping  steam  when  a  tube  blows 
out,  when  any  other  accident  happens  to  prevent  a  shut- 
down of  the  rest  of  the  plant,  and  to  make  it  impossible 
to  turn  steam  into  a  cold  boiler  whether  it  is  standing 
iille  or  undergoing  repairs. 

Although  these  rules  apply  to  the  boilers  only,  they 
should  be  applied  to  the  main  steam  line.  Frequently  a 
steam  pipe  bursts  or  an  engine  is  wrecked,  causing  loss  of 
life  and  severe  damage  that  would  have  been  much  less 
with  the  proper  installation  of  automatic  valves.  As  boil- 
ers are  often  set,  there  are  only  a  few  feet  between  their 
tops  and  the  ceiling.  The  same  may  be  said  of  the  main 
steam  line.  If  a  tube  blows  out,  a  valve  or  fitting  on 
the  steaia  line  breaks  or  the  engine  is  wrecked,  it  is  usu- 
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ally  impossible  to  get  to  the  valves  on  the  main  line  to  close 
them  until  the  steam  is  off  the  entire  plant;  even  if  the 
\alves  can  be  reached,  they  usually  have  a  long  thread  and 
turn  hard,  requiring  considerable  time  for  closing.  For 
this  rca.-;on  the  nonreturn  valve,  as  usually  installed,  pro- 
tects the  boiler  to  some  extent,  but  no  other  ]iart  of  the 
I'lant;  neither  does  it  protect  the  boiler  from  having  all 
of  the  steam  and  a  greater  part  of  the  water  drawn  through 
a  break  in  the  steam  line.  Protection  of  the  boiler  is  all 
that  the  law  requires,  but  it  is  only  a  part  of  what  is  really 
desired. 

Tiikc.  for  insiancc,  a  plant  with  the  steam  line  arranged 
(in  (he  loop  system  as  shown  in  the  sketch.  There  are  sev- 
eral boilers,  engines  and  ])umps.  The  boiler  laws  require 
that  a  nojirctuni  valve  be  placed  on  the  boiler  branch  I'car 
tlu^  jjoiler  as  at  A.  With  two  or  more  on  the  line,  a  tube 
blowout  or  other  accident  will  cause  valve  .1  on  the  dis- 
abled boiler  to  close,  thereby  preventing  the  steam  from 
csca])ing  trom  the  other  boilers  or  header.  If,  however. 
a  fitting  or  valve  in  any  part  of  the  steam  line  breaks  or 
an  engine  is  wrecked,  this  valve  is  useless,  and  the  steam 
in  all  till  boilers  may  escape.  This  valve  should  be  of  the 
coinpouud  or  double-seat  type,  and  so  balanced  that  a  sad- 
den draft  of  steam  in  either  direction  will  cause  it  to  close. 


r36 


P  0  TV  E  E 


Vol.  40,  Xo.  2 1 


lu  case  of  accident  to  the  main  line,  this  would  cause 
every  boiler  to  be  cut  out  automatically  and  only  the  steam 
in  the  header  would  escape.  The  sudden  rise  of  pressure 
in  the  boilers  due  to  closing  the  steam  outlet  while  there 
was  a  heavjr  fire  would  be  taken  care  of  by  the  safety 
valves. 

These  automatic  valves  contain  several  parts  which 
must  work  freely  if  the  valve  is  to  function,  and  us- 
ually it  has  levers  or  springs  on  the  outside.  As  any 
of  these  parts  may  get  out  of  order,  the  valve  should  be 
placed  at  the  boiler  with  a  gate  valve  between  it  and  the 
header  .so  that  whenever  it  needs  attention,  it  is  only  nec- 
essary to  cut  the  boiler  out.  These  valves  should  always 
be  proviJcd  witli  means  of  indicating  whether  the  vaho  is 
open  or  dosed.  They  must  be  so  placed  that  no  woter 
pocket  wiU  be  formed.  In  cutting  a  boiler  into  service 
the  gate  valve  at  the  header  end  should  be  opened  first  by 
equalizing  the  pressure  through  its  bypass ;  then  the  stem 
of  tlie  automatic  valve  should  be  turned  up.     This  will 


yet  not  close  with  a  sudden  increase  in  load  on  the  en- 
gine. 

Some  of  these  valves  are  so  arranged  that  they  may 
be  operated  by  a  solenoid  or  by  steam  or  air  pressure  .md 
be  closed  from  any  part  of  the  plant.  If  so  arranged,  they 
would  act  as  an  engine  stop,  as  well  as  an  automatic  vaive. 

Massasia  Ssifet5^= Valve  Sileiraceir 

A  recent  development  on  the  principle  of  the  Jlaxim 
silencer  is  a  device  for  eliminating  the  noise  of  blowing 
salet}'  valves  and  of  the  boiler  blowofl;  when  fitted  to  the 
cutlets  of  either. 

The  steam  is  led  into  passageways  of  increasing  area, 
fitted  with  sound  traps  to  prevent  the  passage  of  sound 
waves  along  with  the  steam.  By  making  these  passage- 
ways of  sufficient  area  the  velocity  of  the  steam  is  brought 
down  to  a  point  where  the  noise  of  its  escape  to  the  air  is 
not  objectionable. 
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Fig.  1.    Maxim  Silexcer  fok  Steam  Safety  Valve       Fig.  2.     Details  of  Design  of  Silencing  Chamber 


permit  the  boiler  to  be  automatically  cut  into  service  when 
the  pressure  reaches  the  desired  amount. 

Automatic  engine  stops  are  often  used  to  quickly  close 
the  throttle  if  the  engine  overspeeds,  but  many  times  ac- 
cidents ai-e  caused  by  water  in  the  cylinders. 

To  prevent  the  escape  of  steam  an  automatic  valve 
should  be  placed  at  the  engine  branch  as  shown  at  B.  The 
location  of  the  valves,  which  usually  are  of  Lhe  outside 
screw-and-yoke  tj-pe,  is  such  that  they  could  not  be  reached 
in  case  of  accident  until  the  steam  is  all  blown  off.  The 
system  of  piping  also  contains  a  large  volume  of  steam, 
which  in  escaping  may  do  the  goods  considerable  damage, 
as  in  a  department  store.  With  an  automatic  valve  at 
this  point,  a  sudden  draft  of  steam  would  cause  that  par- 
ticular line  to  be  cut  out  without  interfering  with  the  op- 
eration of  the  rest  of  the  plant.  This  valve  would  neces- 
sarily have  to  close  in  the  direction  which  the  steam  is 
flowing,  and  be  nicely  adjusted  to  remain  operative  and 


In  the  safety-valve  silencer,  Fig.  1,  the  final  outlet 
area  is  nearly  20  times  the  area  of  the  safety  valve,  and 
the  velocity  of  the  steam  is  not  only  proportionately  lower 
b)'  virtue  of  this  area,  but  also  on  account  of  the  cooling 
and  the  reduc:tion  of  the  volume. 

An  interesting  feature  of  the  silencer  is  the  noise  trap. 
Fig.  2,  which  provides  an  endless  channel  in  which  the 
sound  waves  circulate  until  they  disappear.  The  traps 
are  so  arranged  that  the  escape  of  the  sound  waves  from 
trap  to  trap  multiplies  the  frequency  of  the  wave.  This  is 
continued  until  the  frequency  is  carried  above  audibility 
and  is  also  smoothed  over  so  as  to  secure  approximate 
uniformity  of  one  sound  wave  with  another. 

The  silencer  for  the  boiler  blowoff  is  constructed  on 
similar  lines  to  that  used  for  the  safety  valve,  but  it  has  a 
receptacle  for  the  collection  of  solid  matter,  which  avoids 
abrasion  and  wear  of  the  internal  surfaces.  The  ^laxim 
Silencer  Co.,  Hartford,  Conn.,  are  the  manufacturers. 
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Armator^ 


By  F.  a.  A.wett 


SYNOPSIS — Testing  for  sliort-ciiriiitK,  open  circuits 
and  cross-ronnected  coils  bt/  means  of  a  millivoltmeter  and 
a  low  voltage  current. 

There  are  several  ways  of  testing  for  defects  in  arma- 
tiires,  one  of  the  most  common  being  by  the  use  of  a  milli- 
voltmeter or  an  ammeter  without  a  shunt,  as  in  Fig.  1. 
An  instrument  having  a  permanent  magnetic  movement 
is  preferable,  as  this  type  is  usually  more  sensitive  than 


regulated  by  a  rheostat,  or  a  bank  of  lamps,  as  shown. 
The  testing  instrument  should  be  connected  to  three  or 
four  pairs  of  adjacent  segments  to  get  an  average  reading, 
and  then  proceed  systematically  around  the  commutator, 
testing  from  bar  to  bar. 

The  effect  obtained  from  a  short-circuited  coil  or  a 
short-circuit  between  commutator  segments  will  be  under- 
stood by  reference  to  Fig.  1.  In  tracing  out  the  current 
from  brush  fi,  around  through  the  armature  winding  to 
brusli  5j,  it  will  be  seen  that  the  short-circuit  at  .r,  between 
coils  8  and  11,  shunts  coils  9  and  10  ;  therefore  no  current 
will  flow  through  them.  Also,  coil  6  is  represented  short- 
circuited  at  «.  This  will  cut  out  all  or  part  of  coil  (i,  and 
the  voltage  drop  across  it  will  be  less  than  across  the  good 
coils. 

If  the  instrument  is  connected  to  segments  {  and  j,  it 
will  give  normal  deflection,  providing  everything  has  been 
adjusted  properly ;  likewise,  when  connected  to  segments 
/(  and  i.  AATien  connected  to  segments  g  and  //  or  /  and  g, 
however,  it  will  not  show  any  deflection,  as  no  current  is 
flowing  through  coils  9  and  10;  hence  there  is  no  voltage 
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others,  and  will  read  only  witli  the  current  flowing  through 
in  a  certain  direction ;  otherwise,  tiie  needle  will  deflect 
back  off  the  scale.  It  is  especially  desirable  in  locating 
cross-connected  coils,  as  will  be  seen  later.  In  making 
the  test,  first  pass  through  the  armature  a  direct  cur- 
rent of  such  strength  as  will  give  ami)le  deflection  on  the 
instrument,  preferably  about  half  way  across  the  scale. 
This  current  may  be  supplied  from  any  low-voltage  source, 


drop  across  them.     Tliis  shows  tliat  coils  9  and   10  arc 
short-circuited. 

If  there  is  not  good  contact  at  x,  some  current  will  flow 
in  coils  9  and  10,  depending  upon  the  resist^ince  at  x, 
which  the  instrument  will  indicate  by  a  reduced  deflec- 
tion. Aftei-  passing  segments  /,  g  and  /(,  the  instrument 
will  give  normal  reading  until  connected  to  segnu-nts  r 
and  d,  wliere  it  will  again  give  a  reduced  deflection,  indi- 


the  amount  passing  tlirongh  the  armature  under  test  being  Heating  that  coil  G  is  short-circuited.     This  would  again 
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occur  between  segments  I  and  in,  where  the  short-circuit 
is  not  iu  the  coil  but  between  the  segments  as  represented 
by  y.  When  a  short-circuit  is  thus  indicated,  in  order  to 
find  out  whether  it  is  in  the  coil  or  the  commutator,  it 
will  be  necessary  to  disconnect  the  coil  leads  from  the 
segments  between  which  the  fault  was  located  and  test 
across  them  with  a  lamp.  In  this  case  it  would  not  light 
lietween  c  and  d,  indicating  that  the  defect  is  in  the  coil, 
which  may  be  removed  and  repaired,  or  repaired  as  ex- 
plained in  connection  with  Fig.  2,  part  2  (Nov.  IT  issue). 
On  the  other  hand,  if  a  test  is  made  across  segments  I 
and  m  with  the  coil  leads  disconnected,  the  lamp  will 
light,  which  woiild  indicate  a  short-circuit  between  the 
commutator  bars.  This  is  usually  caused  either  by  solder 
getting  on  the  back  end  of  the  commutator  or  the  mica 
carbonizing  between  the  segments. 

After  a  commutator  has  been  trued  up  in  a  lathe,  it 
should  be  carefully  inspected  before  testing,  to  see  that 
the  tool  has  not  drawn  the  copper  from  one  segment  to 
the  next  across  the  mica,  tlius  causing  a  short-circuit. 
An  easy  way  to  make  this  inspection  is  to  moisten  a  piece 
of  cloth  or  waste  with  oil  and  hold  it  on  the  commutator 
while  turning  in  the  lathe.  This  turns  the  segments  a 
deep  copper  color  and  the  mica  black;  consequently,  if 
at  any  point  the  copper  has  been  drawn  from  one  segment 
to  anotlier,  it  will  be  readily  detected. 

In  an  amiature  that  is  series  (wave)  wound,  as  in  Fig. 
2,  a  little  more  consideration  is  necessary  to  locate  the 
defective  coil.  Coil  13  is  shown  short-circuited  by  the 
dotted  line  s;  also  a  short-circuit  is  shown  between  seg- 
ments I  and  m  at  x.  It  will  be  seen  by  tracing  out  the 
circuit  that  the  short-circuit  between  segments  I  and  m 
cuts  out  coils  2  and  10,  or  a  coil  for  each  pair  of  poles. 
This  is  true  for  any  number  of  poles;  in  a  six-pole  ma- 
chine, a  short  between  commutator  bars  will  short-circuit 
a  group  of  three  coils  located  120  deg.  apart  in  the  wind- 
ing; for  an  eight-pole  winding,  four  coils  90  deg.  apart, 
etc. 

If  tlie  testing  instrument  is  connected  to  segments  g 
and  h,  it  will  read  the  drop  across  coils  14  and  3,  which 
should  give  a  normal  deflection.  Again,  connecting  it  to 
f  and  g  will  give  the  drop  across  coils  13  and  4.  Coil  13 
is  short-circuited  at  .s ;  therefore  the  drop  across  it  will  be 
less  than  across  a  good  coil,  and  the  deflection  on  the 
instrument  will  be  less  than  normal,  indicating  a  short- 
circuited  coil.  When  the  instrument  is  connected  to  seg- 
ments 0  and  p,  it  will  again  read  the  same  as  at  /  and  g, 
indicating  the  other  terminal  of  the  defective  coil. 

The  exact  location  of  the  faulty  coil  may  now  be  deter- 
mined by  connecting  one  terminal  of  the  instrument  to  a 
segment  between  which  the  defective  coil  was  indicated, 
such  as  at  g,  Fig.  3.  and  testing  to  the  segments  in  the 
other  location  of  the  fault,  such  as  o  and  p.  When  con- 
nected to  o  it  will  be  across  the  terminals  of  the  faulty 
coil.  This  will  be  indicated  by  a  very  low  reading  or  no 
reading  at  all.  A  reading  taken  across  I  and  m.  Fig.  2, 
will  be  very  low,  and  will  indicate  a  short-circuit  between 
the  segments  at  that  point. 

The  indications  that  will  be  obtained  on  a  millivolt- 
meter  or  ammeter  for  a  cross-connected  coil  will  be  under- 
stood by  referring  to  Fig.  4.  The  instrument  is  shown 
connected  in  three  positions  at  segments  d,  e,  f  and  g, 
with  the  coil  leads  to  segments  e  and  f  interchanged. 
WHien  the  testing  instrument  is  connected  to  d  and  e,  it 
will  give  a  deflection  double  tliat  of  normal.     By  tracing 


out  the  circuit  from  e  to  d,  it  will  be  seen  that  the  cur- 
rent passes  through  two  coils  in  series,  which  will  cause  a 
double  voltage  drop  between  these  segments.  If  the 
testing  instrument  is  connected  to  segments  e  and  f,  the 
current  will  flow  through  it  in  the  opposite  direction,  as 
indicated  by  the  arrowheads,  and  the  needle  will  deflect 
liackward  off  the  scale.  In  taking  a  reading  across  seg- 
ments /  and  g,  a  deflection  flill  be  obtained  the  same  as  at 
d  and  e.  If  the  leads  to  c  and  /'  are  now  interchanged, 
and  another  I'eading  is  taken  across  these  segments,  a  nor- 
mal deflection  will  be  obtained. 

The  leads  to  coil  15  are  shown  crossed  at  segments  I 
and  m.  if  readings  are  taken  at  positions  kl,  lin  and  ;;);;, 
the  instrument  will  give  a  normal  reading  in  each  case, 
reading  the  same  across  the  cross-connected  coil  as  the 
others;  therefore  a  coil  connected  this  way  cannot  be  lo- 
cated by  this  method.  A  practical  way  of  locating  a  coil 
connected  in  this  manner  is  to  explore  with  a  compass  the 
polarity  of  the  magnetism  from  coil  to  coil  at  the  back 
end  of  the  armature.  A  cross-connected  coil  will  give  a 
reversed  deflection,  as  shown  at  coil  15.  The  compass 
should  be  held  slightly  above  the  level  of  the  coil. 

Open-circuited  coils  may  be  located  in  the  same  way  as 
explained  for  short-circuited  coils,  only  the  defective  coil 
will  be  indicated  by  a  full  scale  deflection  on  the  instru- 
ment, as  will  be  understood  by  referring  to  Fig.  5.  Coil 
0  is  shown  open-circuited  at  x,  and  if  the  winding  is  con- 
nected as  shown,  current  will  flow  from  segment  /  through 
the  part  of  the  winding  indicated  by  the  arrow-heads,  but 
cannot  flow  through  the  coils  left  blank,  for  the  circuit  is 
open  at  x.  Taking  readings  between  A-  and  I,  I  and  m,  etc., 
a  normal  deflection  would  be  indicated,  but  if  the  instru- 
ment is  connected  to  i  and  h,  it  will  not  read,  for  there  is 
no  current  flowing  through  coil  11 ;  therefore  there  is  no 
voltage  drop  across  its  terminals;  likewise  across  coil  10. 
However,  when  the  instrument  is  connected  to  segments 
/  and  g,  it  bridges  the  break  in  coil  9  and  there  will  be 
an  abnormal  deflection  of  the  needle.  If  the  coil  leads 
are  not  properly  soldered  to  the  commutator  segments,  a 
comparatively  high  resistance  exists  in  the  connection. 
Tliis  will  be  indicated  on  the  instrument  by  a  deflection 
higher  than  normal.  ■.-  ■ 

This  method  of  testing  can  also  be  used  to  locate'  a 
grounded  coil  in  the  armature  winding;  but,  instead  of 
testing  from  bar  to  l)ar,  one  terminal  of  the  instrument 
is  connected  to  the  shaft  and  wi<-h  the  other  terminal  a 
bar-to-bar  test  is  made  on  the  commutator,  the  location 
of  the  grounded  coil  being  indicated  by  a  very  low  read- 
ing on  the  instrument.  After  the  two  segments  that  give 
the  lowest  reading  have  been  located,  disconnect  the  coil 
terminals  from  them  and  test  for  the  ground  with  a  lamp. 
[f  the  winding  is  parallel-connected,  the  two  segments  to 
wliich  the  grounded  coil  is  connected  will  be  located  to- 
gether; if  series-connected,  they  will  be  located  two  pole 
spaces  apart. 

To  distinguish  between  a  parallel-  and  a  series-con- 
nected armature  winding,  first- note  the  center  of  the  coils 
at  the  back  end  of  the  armature.  If  the  leads  to  the  com- 
mutator are  in  the  same  direction  as  the  back  ends  of  the 
coil — that  is,  swung  in  toward  the  center — the  winding 
is  parallel-connected.  If  the  leads  swing  around  the 
armature  away  from  the  center  of  the  coil,  the  winding 
is  series-connected.  This  will  be  readily  understood  by 
comparing  Figs.  1  and  2. 

The  location  of  the  testing-current  connections  to  tlie 
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commutator  must  not  be  overlooked.  If  the  armature  is 
parallel-connected,  the  connections  should  be  ISO  deg. 
apart,  whereas  in  series-connected  armatures  the  connec- 
tion sliould  be  one  pole  space  apart,  namely,  90  deg.  on  a 
four-pole  machine,  60  deg.  on  a  six-pole  machine,  etc. 


That  there  i.s  e.stimated  to  be  more  than  thirty  billion 
tons  of  lignite  in  Texas,  this  deposit  covering  an  area 
of  more  than  60,000  square  miles,  is  directing  more  and 
more  attention  to  its  use  in  boilers.  This  fuel  is  al- 
ready  extensively   used    in    manufacturing   plants.      Dr. 
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Section  E-F 


William  B.  Philips,  of  Austin,  director  of  the  Bureau  of 
Economic  (ieology  and  TcL-hnology  of  the  University  of 
Texas,  has  recently  invc-itigated  the  .sources  of  lignite 
and  its  commercial  use  ami  gives  his  conclusions  in  a 
recent  report. 

Eight  years  ago  it  was  the  custom  for  the  miners  to  load 
nothing  but  mine-run  lignite,  but  .since  the  iutrodmtiou 
of  a  grate  adapted  to  burn  lignite  screenings,  this  grade 
is  sold  at  from  fifty  to  sixty  cents  a  ton,  f.o.b.  mines. 

This  grate,  .shown  herewith,  is  like  the  ordinary  grate, 
being  approximately  rectangular  in  cross-section  and 
wider  at  the  top  than  at  tiie  bottom.  On  its  top  face  are 
marginal  and  transverse  ribs  or  partitions,  forming  fuel 
pockets  adapted  to  retain  fine  fuel.  On  its  bottom  face 
are  recesses  forming  air  pockets.  These  fuel  pockets  are 
from  one-half  to  five-eighths  of  an  inch  deep  and  are  con- 
nected with  tlie  air  pockets  by  tapered  ventilating  holes, 
largest  at  their  lower  ends,  being  about  three-eighths 
of  an  inch  in  diameter  at  the  top  and  50  per  cent,  larger 
at  the  l)ottom.  The  ta])ering  form  of  the  ventilating 
holes  tends  to  cause  a  discharL'e  of  the  air  in  jets  into  the 
fuel. 

In  ordinary  grates,  especially  where  a  forced  or  induced 
draft  is  used,  the  air  rushes  througli  the  weakest  places 
in  the  fire.  With  this  grate  the  individual  air  pockets 
underneath  prevent  the  air  from  ru.shing  past  some  of 
the  ventilating  holes  and  overcharging  others.  These  air 
pockets  form  .sources  of  supply  to  the  .separate  groups  of 
Ventilating  holes  and  cause  an  even  distribution  of  the 
air  to  the  fuel  pockets  in  the  toj)  of  the  bar  throughout 
the  grate  surface.  A  steam  blower  is  used  witii  these 
grates. 

Much  lignite  is  now  lircd  i)y  hand,  and  wiiile  tliis 
method  unquestionably  gises  good  results  when  proper 
care  is  taken,  the  stoker  seems  to  be  necessary  for  large 
establishments.  There  are  no  difficult  obstacles  to  be 
overcome.  The  main  points  to  consider  are  that  lignite  i.s 
a  fuel  which  parts  with  its  volatile  combustible  matter 
more  quickly  tlian  docs  ordinary  bituminous  coal  and 
that  the  fixed  carbon  is  not  of  a  coking  nature.  This 
means  that  a  large  quantity  of  air  niu.st  lie  supplied  within 


a  short  time  after  the  fuel  begins  to  part  with  its  volatile 
combustible  matter  and  is  supplied  at  the  requisite  points. 
The  smoke  must  be  prevented  from  forming,  for  it  is 
difficult  to  handle  it  afterwards.  The  fixed  "carbon  will 
take  care  of  itself,  if  prevented  from  falling  through  the 
interstices  of  the  grate;  it  is  the  volatile  combustible 
matter  that  has  to  be  cared  for. 

It  does  not  appear  that  there  are  greater  variations  in 
the  composition  of  lignites  than  in  the  coals  with  which 
they  are  to  compete,  so  that  a  stoker  installation  suc- 
cessful with  one  lignite  should  be  capable  of  burning  any 
other  under  compaiable  conditions. 

It  would  be  dithcult  to  design  a  steam  trap  more  sim- 
])le  than  the  Brown,  which  consists  of  a  body,  a  dis- 
cliarge  orifice  and  a  tloat.  The  .sectional  view  of  tlu- 
trap  shows  the  interior  construction.  The  float  A  is 
tested  to  300  lb.  pressure  and  rests  on  the  projection  B. 
When  the  trap  has  discharged  the  float  seats  against  the 
discharge  orifice  C. 

When  condensate  enters  the  trap  through  the  inlet  the 
ball  floats,  opening  the  discharge  orifice  and  permitting 
a   constant   discharue   of   water   without   loss   of   steam. 


Section  TiiHorciU  Biiowx  Steam  Trap 

There  is  also  a  constant  discharge  of  air  and   the  trap 
does  not  become  air  bound. 

This  trap,  which  is  manufactured  by  the  I).  (I.  C. 
Valve  Co.,  Fuller  Bldg.,  New  York  City,  has  no  workinjr 
parts  and  but  one  moving  part,  the  rolling  ball,  which 
.■^eats  in  a  new  place  each  time  and  cannot  get  out  of 
order.  The  trap  will  handle  water  against  any  i)ack  pres- 
sure less  than  the  pressure  at  the  trap.  It  is  made  in  -yj-. 
1-  and  114-in.  size,  with  TOO.  1000  and  I  TOO  lb.  of  water 
jx-r  hour  capacity  respectively. 


LiihrllnK  <>t  InraufleHrenl  I>nin|>M — Why  are  Incandescent 
lamps  usuaUy  labeled  with  three  voltages,  such  as  110.  112 
and   114   volts? 

H.  E. 

To  Indicate  the  voltages  for  which  they  are  adapted.  For- 
obtaining  full  efflclcncy  and  candlepower  they  should  be 
burned  at  the  highest  voltage  Indicated.  At  the  next  lower 
voltage  they  will  burn  with  a  somewhat  decreased  efflclcncy 
but  will  have  a  longer  life.  At  the  lowest  voltage  the  etfl- 
clency  will  bo  still  less  and  the  candlepower  will  be  about 
80  per  cent,  normal,  but  the  life  of  the  lamp  will  be  almo.ft 
double  that  at  the  highest   voltage. 
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To  overcome  the  troubles  experienced  with  Orsat  ap- 
paratus having  jiinch  or  glass  cocks,  Frank  Duemler, 
Olnev   P.   0..   Pliiladclphia.  the   inventor  and  maker  of 


Fio.  1.    The  PnANKLTN  Analyzer 

the  Franklin  analyzer,  uses  a  unique  kind  ol'  valve  for  the 
tube  connections  to  the  pipettes. 

As  pinch  cocks  tend  to  "chew"  holes  in  the  rubber  tubes 
and  glass  cocks  frequently  stick  fast,  Jlr.  Duemler  uses 
an  oblong  glass  ball  or  pellet  inside  the  rubber  tubing 
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Fig.  2.    How  the  Tube  Is  Pressed  Away  from  tee 
Glass  Pellet  to  Allow  the  Gas  to  Pass 

from  each  pipette,  the  pellet  being  a  tight  fit  in  the  tube. 
When  it  is  desired  to  ^un  the  gas  into  a  pipette,  simply 
squeeze  the  tube  surrounding  the  pellet  with  the  thumb 


and  forefinger  as  shown.  This  stretches  the  rubber  away 
from  the  pellet,  affording  the  gas  a  jjassage.  This  is  shown 
in  the  enlarged  sketch,  Fig.  2. 

Other  commendable  features  of  the  apparatus  are  its 
accessibility  and  the  ease  with  which  the  pipette  may  be 
dismoimted  and  reloaded.  The  hinged  spring  wire,  shown 
in  Fig.  1,  rests  hard  on  top  of  the  pipettes  and  is  latched 
in  notches  on  the  side  of  the  frame. 

The  apparatus  may  be  used  for  0,,  CO  and  C0„  detei- 
minations.     Its  price  is  $25. 


By  a.  L.  Brennan,  Ji!. 

Low-tension  ignition,  commonly  referred  to  as  mechani- 
cal make-and-break  ignition,  formerly  was  used  almo.-t 
exclusively,  but  has  now  given  way,  especially  in  small 
high-speed  engines,  to  the  high-tension,  jump-spark  sys- 
tem. This  has  been  due  chiefly  to  the  greater  flexibility 
of  t!ie  latter.  However,  low-tension  ignition  oft'ers  a  fev,- 
advantages  over  high-tension  sparking  devices,  principal- 
ly because  it  is  not  so  easily  afl'ected  by  moisture;  there- 
fore, motors  thus  fitted  are  better  suited  to  operate  undci 
exposed  conditions. 

Since  the  movable  electrode  projects  through  the  side 
of  the  cylinder,  a  certain  amount  of  wear  will  result  in 
a  loss  of  compression;  also,  the  actuating  mechanism  is 
subject  to  wear,  which  may  interfere  slightly  with  coi'- 
rect  timing. 

The  spark  produced  by  a  mechanical  igniter  takes  place 
while  the  points  are  being  separated  and  not  while  they 
are  apart,  therefore  it  is  important  to  have  the  actuat- 
ing and  controlling  parts  in  good  condition.  The  ten- 
sion of  the  sj^rings  should  be  kept  up  to  insure  the  points 
making  a  rapid  break,  and  springs  which  have  become 
weakened  through  wear  or  high  temperatures  can  be 
improved  by  drawing  them  out  a  little,  although  it  is  bet- 
ter to  substitute  new  springs  wherever  possible. 

The  contact  points  of  the  movable  and  stationary  elec- 
trodes should  be  kept  bright  and  free  from  carbon  or  other 
foreign  deposits.  Points  that  have  become  pitted  will 
require  filing,  but  in  doing  this  care  should  be  taken  to 
work  the  contacts  down  to  such  an  angle  that  their  en- 
tire surfaces  will  touch.  Unless  this  is  done,  no  matter 
how  clean  the  points  may  be,  it  will  not  be  possible  to  ob- 
tain the  best  spark.  If  there  is  a  decided  tendency  toward 
pitting,  the  current  should  be  reversed  about  once  a  week. 

Low-tension  systems  are  subject  to  many  of  the  troubles 
of  other  types,  short  and  open  circuits  playing  important 
roles  in  this  respect.  The  chief  difference  between  an 
open  and  a  short-circuit  is  that  in  the  former  the  circuit 
is  not  complete,  such  as  when  the  switch  is  open,  whi'e 
in  the  latter  the  switch  is  closed,  but  the  current  passes 
through  a  path  of  less  resistance  and  fails  to  complete 
the  circuit.  Therefore,  when  confronted  with  ignition 
trouble,  it  is  well  to  look  to  the  switch  first,  as  it  is 
quite  possible  that  it  has  been  left  open.  If  the  switch 
is  all  right,  the  trouble  can  be  traced  to  one  or  more 
of  the  following : 

L     Loose   or  broken   wires; 

2.  Broken-down   insulation   on   wires; 

3.  Loose  battery  connections ; 

4.  Dirty  igniters; 
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5.  Igniters  ■■hung  up"  or  otherwis^e  inoperative  : 

6.  Weak  batteries. 

If  a  storage  battery  is  used,  test  witli  a  low-candlepower 
lamp.  Dry  cells  may  be  tested  with  an  ammeter  and 
should  show  at  least  10  amp.  If,  on  testing  the  set,  there  is 
no  flow  of  current  indicated,  it  is  well  to  test  each  cell 
separately;  for  it  often  happens  that  a  cell  will  be  dead  or 
affected  by  an  ■'interior  short,"  and  thus  affect  the  set. 

To  test  a  low-tensiou  system,  close  the  switch   (if  it 


is  of  the  "exposed-blade"  variety),  and  then  pull  it  out 
quickly.  If  a  spark  appears  at  the  contacts,  the  circuit 
is  all  right,  and  the  trouble  may  be  looked  for  in  the 
igniter.  On  the  other  hand,  if  no  spark  appears  at  the 
switch,  it  would  not  necessarily  show  that  the  circuit  is 
at  fault,  for  unless  the  igniter  points  are  together  the 
circuit  is  open.  Therefore,  close  the  switch  again,  and 
with  any  handy  tool  complete  the  circuit  from  the  station- 
ary electrode  to  the  motor  and  note  if  a  good  spark  occurs. 
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By  a.  L. 

Today,  most  altcrnating-currunt  apparatus  is  rated  and 
bought  on  a  "kv.-a."  basis  of  rating.  Operators  who  iiave 
been  used  to  dealing  with  direct-current  apparatus  or  have 
a  ■■kw."  basis  for  loading  their  generators  and  transform- 
ers often  fail  to  consider  the  importance  and  value  of 
the  kv.-a.  rating  in  heating  and  other  overload  troubles 
at  times  of  peak  loads.  Again,  it  is  often  thought  tliat 
the  kv.-a.  rating  is  one  thing  and  the  kw.  rating  another, 
which  is  not  strictly  true,  for  every  kv.-a.  rating  has  sev- 
eral corresponding  kw.  ratings.  This  relation  can  be  un- 
derstood when  it  is  remembered  that  the  kv.-a.  rating  of  a 
piece  of  alternating-current  apparatus  is  independent  of 
the  power  factor  and  equals  volts  times  amperes,  as  shown 
by  the  switchboard  meters.  The  kw.  rating,  on  the  other 
liand,  does  depend  upon  the  power  factor — that  is,  it 
varies  with  the  power  factor  for  the  load  that  the  machine 
can  carry  continuously  without  damage  from  heating. 
For  such  a  load  the  kw.  capacity  is  reduced  as  the  power 
factor  decreases  and  increases  as  the  power  factor  is 
raised  until,  when  the  power  factor  is  100  per  cent.,  the 
kw.  and  kv.-a.  ratings  are  equal. 

The  kv.-a.  rating  is  a  help  in  indicating  the  safe  load 
tiiat  a  machine  can  carry  because:  such  a  load  depends 
u])on  the  heating  effect  or  the  amperage  flowing  thiougli 
tiie  windings.  If  the  ]iower  factor  is  low  and  the  o])erator 
believes  the  machine  to  be  capable  of  carrying  220  kw., 
with  a  generated  voltage  of  2300,  tiien  when  tiie  am- 
meter shows  100,  he  is  led  to  believe  that  wliilc  the  re- 
cording wattmeter  shows  that  ■^SO  kw.  is  not  exceeded,  lie 
can  run  up  the  load,  say  to  1^2")  iini]i.  If  the  nameplate 
reads  220  kv.-a.  instead  of  220  kw  tlicn  in  this  ca.se  tlie 
machine  was  fully  loaded  at  100  am)).,  and  the  rea.son 
the  wattmeter  did  not  show  this  was  due  to  the  power  fac- 
tor being  low.  If  it  took  an  indication  of  125  am]), 
to  sliow  220-kw.  load,  then  the  power  factor  was  80  per 
cent.,  a  value  often  found  on  circuits  carrying  induction 
motors.  If,  as  in  this  case,  tlic  machine  had  a  kv.-a. 
rating  of  220,  its  kw.  rating  at  SO  per  cent.  ))ower  factor 
was  Mil  kw.  and  at  00  per  cent.,  1!)8  kw. ;  that  is,  the  ini- 
chine  would  lieat  tlie  same  when  carrying  17(>  kw.  at  HO 
|i<T  cent,  power  factor  as  wlien  carrying  1!)8  kw.  at  !)C 
per  cent,  power  factor.  Tims  by  dividing  the  kv.-a.  rating 
by  the  circuit  voltage  tiic  safe  current  that  can  lie  car- 
ried by  the  winding  is  found,  and  the  kw.  load  that  can 
be  carried  to  not  exceerl  this  current  when  induction  mo- 
tors are  operated  can  be  found  as  follows: 

liir.  -=-  power  factor  =  kv.-a.  =  (tinpere.'t  X   voUx 

Allowable  amperes  =  kw.  -—  (volt-*  X  power  factor) 


Tejiple 

wliere  the  kw.  is  taken  from  the  recording  wattmeter, 
and  the  power  factor  is  obtained  iiy  dividing  the  kw.  watt- 
meter reading  by  the  kv.-a.  nameplate  rating. 

From  this  it  is  seen  that  if  apparatus  is  ordered  by  a 
kw.  rating  it  is  neces.sary  to  state  the  power  factor  under 
which  it  will  operate,  so  as  to  secure  a  machine  large 
enough  to  carry  the  load  expected. 

A  low  power  factor  is  very  objectionable.  When  mak- 
ing extensions  or  additions  to  a  system,  a  larger  size  of 
wire,  and  a  larger  transformer  must  be  used  than  re- 
quired with  a  higher  power  factor  and  a  voltage  drop 
is  produced  that  is  out  of  proportion  to  the  drop  duo 
to  the  working  current  of  the  actual  load.  This  makes 
it  hard  to  hold  a  steady  voltage,  for  any  great  variation 
of  operation  and  load  on  the  devices  causing  the  low 
power  factor  cause  fluctuations  that  are  hard  to  control  at 
the  station  except  through  continual  juggling  of  the  ex- 
citer fields  or  by  means  of  expensive  automatic  devices. 

When  a  low  power  factor  is  found  on  any  system,  the 
first  thing  to  do  is  to  find  out  the  cause,  which  can 
generally  be  located  in  induction  motors  too  large  for  the 
load  carried  and  running  light  most  of  the  time,  trans- 
formers much  too  large  for  the  load,  and  in  a  large  num- 
ber of  arc  lamps  used  oji  a  ])ower  circuit.  When  such 
causes  are  found  it  is  wise  to  change  the  motors  an<l  trans- 
formers if  possible  and  i)Iace  the  arcs,  if  burned  while 
the  motor  load  is  operated,  on  a  separate  circuit.  If  this 
cannot  be  done  easily,  it  will  be  found  worth  while  to  con- 
sider the  installation  of  a  synchronous  motor  at  some 
point  on  the  line  preferably  near  the  center  of  load  or  in  a 
sui)station  or  at  the  end  of  the  line,  if  only  one  line  is 
operated.  The  .synchronous  motor  has  a  neutralizing  effect 
and  firings  the  conditions  back  to  normal.  This  is  brought 
about  in  the  following  way: 

With  a  low  power  factor  there  Ibiws  in  the  lines  a  wait- 
less  current,  which  lags  behind  the  voltage.  By  over- 
exciting  the  fields  of  the  synchronous  motor  it  delivers 
back  to  the  line  a  current  leading  the  voltage.  When 
this  adjustment  is  made  so  that  the  current  leads  the  volt- 
age as  much  as  the  wattless  current  lags,  then  the  power 
factor  would  theoretiially  be  100  jier  cent.  It  is  found 
in  practice  that  the  size  of  motor  re(|uired  to  bring 
alxnit  this  ideal  (ondition  is  more  costly  than  the  benefit 
of  the  improved  jiower  factor  after  reaching  about  flO 
per  cent.  Up  to  this  point  a  relatively  small  capacity 
of  synchronous  motor  has  a  ilecided  corrective  effect.  The 
u.se  of  the  synchronous  motor  is  attractive  because  at  the 
same  time  it  can  carry  70  per  cent,  rated  load  as  a  motor. 
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By  Bill  B.  Banqkr 


Well,  fellers,  ifs  so  long  since  I've  had  a  confab  v/ith 
til'  bunch  about  this,  that  aud  t'other  that  I  don't 
know  whether  I'll  get  into  print  or  not.  It's  up  to  th' 
boss  editor  whether  I  can  multiply  a  few  pros  and  cons 
now  and  anon,  but  that's  as  may  be. 

Th'  question  before  th'  house  is,  "Has  th'  rights  of  th' 
American  engineer  been  preserved  ?"  and  th'  answer  comes 
echoin'  down  the  coal  chute.  "Danifiiio,  but  it's  doubtful 
if  they  has." 

Xow.  it  all  depends  on  where  you  live  and  wlielher  you 
want  a  job  as  au  engineer.    If  you  are  a  workin'  engineer 


^'I  Told  Williams  I  Wasn't  Woekix'  with  a  New 
YoKK  City  License,  Didn't  Hate  to  and  Hadn't 
Any  Idea  of  Gettin'  One,  Police  Depart- 
ment OR  No  Department" 

in  New  York  City  you'll  probal)ly  believe  th'  rights  of  th' 
American  engineer  are  all  to  th'  good,  scein's  j'ou'll  prob- 
ably take  th'  stand  that  all  engineers  liviu'  on  th'  outside 
are  aliens  with  no  more  rights  than  a  skunk  in  a  sittin' 
room. 

If  you  are  livin'  outside  of  New  York  City  and  happen 
to  be  so  situated  that  a  job  at  engineerin'  has  just  got  to 
be  had  to  keep  th'  kids  from  goin'  to  th'  ]50orhouse,  you'll 
think  you  are  worse  nor  a  half-breed  idiot,  so  far  as 
rights  go. 

Th'  engineers'  license  law  of  New  York  City  is  to  my 
lielief  unconstitutional,  and  there's  a  lot  of  engineers  in 
th'  city  gifted  with  a  fair  amount  of  human  intelligence 
who  think  th'  same.  Gettin'  down  to  anchor  bolts,  th' 
law  must  have  been  framed  l3y  a  set  of  muts  who,  bavin' 
a  job,  were  mightily  afraid  they  couldn't  hold  on  if  other 
engineers — who  knew  just  as  much,  and  probably  more — 
were  given  half  a  chance  to  get  into  th'  game  and  show 
some  of  'em  that  all  th'  efficient  engineers  were  not  work- 
in'  in  New  York  City. 

This  fact  was  brought  vividly  to  my  mind,  as  Tenny- 
son— maybe  'twas  Captain  Marryat — says,  by  a  long-time 


friend  of  mine  who  can  set  up  an  engin'  with  his  eyes 
shut,  and  knows  more  in  a  minute  than  some  engineers 
I've  met  in  the  city  knows  in  a  month.  The  firm  he  was 
workin'  for  was  foolish  enough  to  lose  most  of  their 
money,  and  so  it  was  a  case  of  get  a  job  operatin'  until 
times  were  better.  Seein's  New  York's  his  jumpin'-off 
l)lace,  and  has  some  companies  what  knows  a  good  engi- 
neer when  he  shows  up — and  want  a  good  man  anyway, 
whether  he  shows  up  or  not — AVilliams,  we'll  call  him. 
because  it  ain't  his  name,  got  a  job  as  soon  as  he  got  ontu 
Broadway. 

Then  lie  meandered  down  to  police  headquarters  to 
make  application  for  a  license  to  run  th'  plant.  As  proof 
he  wasn't  playiii'  a  flim-flam  game,  what  is  worked  so 
easy  in  the  Metropolis,  Williams  takes  a  Philadelphia 
city  license  and  an  Ohio  State  plaster,  both  of  the  first- 
class  ratiii',  along  as  evidence  to  his  standin'  as  an  engi- 
neer. 

But  there  was  nothiii'  doin'.  It  didn't  make  a  durned 
mite  of  difference  how  many  gold-sealed  plasters  were 
put  on  exhibition,  Williams  found  that  be  had  to  get  th' 
signatures  of  three  city  engineers  what  had  a  license  and 
v.'ere  workin'  at  tlicir  trade  and  could  certify  that  tli' 
statements  contained  in  th'  application  were  true. 

Some  chance  fur  gettin'  a  license,  by  heck,  fur  a  feller 
what  don't  know  three  engineers  in  th'  whole  burg.  But 
it's  evident  to  even  a  soused  bum  that  a  feller  couldn't 
get  two  first-class  licenses  if  he  hadn't  put  in  a  few  licks 
at  throttle-twistin'. 

This  condition  of  engineerin'  affairs  is  what  a  lot  of 
engineers'  in  th'  city  favor,  so  as  to  keep  outsiders  from 
playin'  in  their  ash  heap. 

When  AVilliams  blew  into  my  engin'  room  and  wanted 
me  to  sign  his  application  for  a  license,  I  told  liini  I'd 
do  it  so  quick  he'd  think  th'  last  world's  series  was  beiii' 
played  if  it  would  do  any  good,  but  th'  fact  was,  I  wasn't 
workin'  under  no  New  York  City  license,  didn't  have  to, 
and  hadn't  any  idea  of  gettin'  one,  police  department  or 
no  department. 

That  kind  of  knocked  Williams  into  a  heap,  so  I  went 
on  to  explain  that  th'  license  law  was  so  loosely  con- 
structed that  it  was  only  necessary  to  have  one  licensed 
engineer  on  watch,  no  matter  how  many  engineers  were 
workin.' 

"But  you  are  th'  chief  engineer  of  this  ])lant.  ain't  yer?" 
says  he. 

"You  can  put  down  your  last  dollar  that  I  am,"  says  I, 
"and  there's  no  law  to  stop  me  from  hangin'  up  my  hat 
in  this  engine  room  and  bein'  th'  cock  of  the  roost,  and  if 
you  have  a  licensed  engineer  in  th'  plant  you  want  to  run, 
all  you've  got  to  do  is  to  get  the  company  to  tack  on  th' 
title  of  buildin'  manager,  assistant  superintendent  or 
somethin'  else  as  meaningless,  so  as  to  get  past  a  law  what 
aims  to  keep  you  out  of  a  job. 

"Strictly  speakin,'  accordin'  to  law  I  ain't  th'  chief  en- 
gineer here,  but,  on  th'  other  hand,  what  I  say  goes  first 
shot  off  th'  bat,  and  it  don't  make  any  difference  to  me 
whether  I'm  called  a  chief  or  somethin'  else." 

In   lookin'  over  Williams'   application   I   noticed   one 
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question  put  on  with  a  rubber  stamp,  "Have  yon  ever 
been  convicted  of  a  felony?"  Williams  said  he  hadn't, 
but  it  struck  me  as  bein'  mighty  nigh  onto  a  joke  for  the 
police  inspection  department  to  ask  such  a  question. 
Some  fellers  don't  seem  to  have  a  mite  of  humor. 

As  have  other  menial  engineers,  I  have  wondered  now 
and  anon,  so  to  speak,  just  why  th'  inspection  of  Ijoilers 
and  th'  issuin'  of  engineer  certificates  in  Xew  York  City 
should  be  performed  by  th'  police  department.  It  don't 
stand  to  reason  that  a  cop  is  capable  of  protectin'  th' 
public  against  boiler  explosions. 

Under  th'  date  of  March  22,  1913,  Charles  G.  Arm- 
strong &  Son  submitted  a  report  on  th'  system  of  boiler 
inspection  and  licensing  of  engineers  and  firemen  under 
th'  police  department  of  Xew  York  City  for  th'  alder- 
manic  committee,  in  which  was  cited  examples  of  th' 
trainin'  of  some  of  th'  boiler  squad  previous  to  their  ser- 
^^ce  as  "engineers."  One  feller  actin'  as  a  boiler  inspector 
was  previously  a  letter  carrier,  clerk  and  gasfitter,  another 
had  been  a  fireman  and  an  oiler,  and  a  third  had  held 
down  the  job  of  patrolman.  One  examiner,  th'  feller 
what  looks  you  in  th'  face  and  passes  judgment  on  your 
fitness  to  operate  a  steam  plant,  had  been  a  clerk,  lumber 
inspector  and  timekeeper.  Xow,  how  in  tophet  does  these 
(lualifications  fit  these  men  to  do  their  full  duty  in  an 
intelligent  manner  with  justice  to  all  and  malice  toward 
none  ? 

Sometimes  I  think — but  whafs  th'  use?  Th'  law  is  on 
th'  books  and  will  be  enforced  if  you  don't  get  th'  title 
of  manager  or  somethin'  else  to  sidestep  this  piece  of  un- 
just legislation  what  no  engineer  can  be  proud  of  and 
what  takes  away  an  American's  rights  to  earn  an  honest 
dollar  at  his  trade. 

Them's  my  sentiments  and  if  you  don't  like  'em  it  ain't 
my  fault.    Somethin's  wrong  somewhere,  by  heck  ! 


The  accompanying  illustration  shows  what  is  be- 
lieved to  be  the  largest  cooling  tower  project  ever  under- 
taken. This  battery  of  forced-draft  towers  was  built  for 
the  Texas  Power  Co.,  Waco,  Texas.    They  are  of  the  steel 


shell  type,  arranged  in  a  battery  100  ft.  long,  18  ft.  wide 
and  40  ft.  high. 

There  are  six  pairs  of  10-ft.  fans  operating  at  250 
r.p.m.,  and  are  belt  driven  by  motors  above  each  pair 
of  fans  in  small  motor  houses.  The  fan  housings  are  ex- 
tended and  are  provided  with  doors  which  may  be  opened 
to  permit  of  the  unobstructed  entrance  of  air  by  natural 
draft  during  the  winter  season.  A  platform,  reached 
by  a  ladder  from  the  ground,  serves  the  three  motor 
houses;  an  upper  gallery  is  built  on  the  level  of  the  water 
distributors  and  the  water-regulating  valves  which  con- 
trol the  water  discharge  to  each  compartment. 

Any  section  may  he  cut  off  for  inspection  or  cleaning 
without  interfering  with  the  operation  of  any  of  the 
others.  The  water  piping  is  designed  for  an  additional 
installation  of  towers  of  equal  capacity  to  the  left  of  the 
present  battery.  The  present  equipment  is  designed 
to  cool  600,000  gal.  of  water  per  hour.  These  cool- 
ing towers  were  built  by  the  Wheeler  Condenser  &  En- 
gineering Co.,  Carteret,  N.  J. 

By   J.   C.   IIawkixs 

One  way  to  determine  the  approximate  slippage*  is  to 
place  a  gage  on  the  discharge  side  of  the  pump  between 
the  discharge  chamber  and  the  main  discharge  valve; 
also  have  a  1-in.  pipe  tapped  into  the  discharge  line 
at  this  point,  with  a  valve  and  a  short  length  of  pipe  pt- 
tached.  Then  place  barrels  on  scales  or  have  a  tank  of 
known  capacity  to  weigh  or  measure  the  test  water.  Close 
the  main  discharge  valve  tight  or  blank  off  the  pipe  if 
necessary  and  start  the  pump,  letting  it  run  only  fast 
enough  to  keep  the  pressure  up  to  that  at  which  it  is 
working  when  in  service.  Then  open  the  test  valve  to 
the  weighing  barrels  or  tank,  regulating  the  speed  of 
the  pump  to  maintain  the  same  pressure  in  the  dis- 
charge chamber. 

When  the  test  valve  is  opened  count  the  number  of 

•Pump  sUppagre  is  the  difference  between  the  water  which 
should  go  out  (displacement)  and  that  which  does  (delivery), 
and   is   due   to  leaky   pistons,   plungers   or  valves. 
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strokes  of  the  piston  luitil  the  tank  is  full.  Calculate 
the  displacement  of  the  piston  per  stroke,  multiply 
by  the  number  of  strokes  and  reduce  the  product  to 
pounds  or  gallons,  as  desired.  This  will  give  the  quan- 
tity of  water  that  should  have  been  pumped.  Then 
weigh  or  measure  the  water  actually  pumped  and  di- 
vide by  the  displacement  of  the  pump,  which  gives  tlie 
percentage  of  water  actually  delivered  at  the  average 
working  pressure.  This  percentage  subtracted  from  100 
gives  the  percentage  of  slippage  that  should  be  deducted 
as  calculated  from  the  displacement. 

The  slippage  foimd  in  this  manner  may  not  be  cor- 
rect foi  the  reason  that  part  of  the  valve  slippage  takes 
place  while  the  valve  is  closing  and  would  be  greater 
at  high  than  at  low  speed,  because  the  valve  opens  wider 
and  the  piston  reverses  quicker,  but  it  is  correct  for  all 
usual  purposes. 

W. 

R  F  M  Flow  M®^©2= 

A  new  type  of  flow  meter  for  steam,  air.  water  and  gas 
has  recently  been  made  by  the  Republic  Flow  ileter  Co., 
of  Chicago,  formerly  known  as  the  Steam  Appliance  Co. 
The  measurement  is  made  electricallv  and  the  result  in 


POV/ER 


Fig.  1.   R  F  JI  Meter  Attached  to  STE.\ii  Pipe 

imits  of  flow  may  be  read  on  the  dials  of  electrical  in- 
struments which,  in  realits',  are  special  ammeters. 

The  difference  between  the  dynamic  and  static  heads, 
or  the  velocity  head  in  the  pipe  containing  the  medium 
to  be  measured,  afl:ects  the  height  of  a  mercury  column 
which  in  turn  changes  the  resistance  in  the  electrical  cir- 
cuit. As  the  velocit}"  of  the  medium  increases  in  the  pipe 
to  which  the  meter  is  attached,  the  mercurj'  rises,  cuts 


out  resistance  and  consequently  increases  the  current,  so 
that  the  reading  on  the  dial  is  greater. 

An  external  view  is  shown  in  Fig.  1.  It  consists  of  two 
interconnected  cylinders,  two,  reservoirs,  or  condensers, 
and  two  meter  tubes,  the  last  named  being  shown  to 
advantage  in  Fig.  2.  The  principle  of  operation,  how- 
ever, is  more  apparent  in  Fig.  3,  as  the  cylinders  are 
shown   in   section.      The  larger  cvlinder  lias  a   mercurv 
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well  at  the  bottom  and  at  the  top  a  resistance  spool  of 
"Advance"'  wire.  From  a  fiber  plug,  on  which  the  spool 
rests,  steel  wires,  arranged  in  the  form  of  a  cylinder  and 
of  graduated  lengths,  project  do^vniward.  These  vertical 
wires  are  attached  to  the  wire  on  the  .spool  at  different 
points  of  its  length,  so  that  a  circuit  may  be  formed 
through  the  entire  resistance  or  through  portions  of  it. 
The  terminal  plug  is  screwed  into  the  top  of  the  cylinder. 
The  larger  cylinder  is  sealed  by  the  mercury  well,  and 
above  that  is  flUed  with  oil,  as  is  the  upper  part  of  the 
smaller  cylinder.  The  bottom  part  of  the  latter  contains 
water. 

When  the  medium  is  steam,  the  meter  tubes.  Fig.  2, 
enter  the  steam  pipe  through  a  single  plug  and  can  be 
turned  in  any  position  and  the  tube  used  for  either  ver- 
tical or  horizontal  pipes.  The  tube  in  the  foreground 
connects  with  the  dynamic  reservoir  and  the  openings 
shown  must  always  face  toward  the  direction  of  flow.  The 
other  tube  connects  with  the  static  reservoir  and  the  holes 
face  to  the  rear  or  away  from  the  flow  of  steam.  The 
reservoirs  are  merely  condensers  which  fill  the  connect- 
ing pipes  witli  water.  The  djTiamic  head,  due  to  pressure 
and  velocitv',  bears  down  on  the  mercury  well  and  tends 
to  force  its  contents  up  into  the  cylinder.  The  static 
head — the  pressure — is  transmitted  from  the  smaller 
cylinder  to  the  larger,  and  resists  the  upper  movement  of 
the  mercury.  The  difference  in  pressure,  or  the  velocity 
head,  determines  the  height  of  the  column  of  mercury, 
and  this  height  fixes  the  resistance  left  in  the  electricai 
circuit. 

A  set  of  instruments  is  furnished  consisting  of  an  indi- 
cating meter  A,  Fig.  3,  a  recording  meter  R  and  an  inte- 
grating meter  I.  All  three  may  be  mounted  on  one  lioard 
or  individually  at  the  points  desired.  It  is  also  possible  to 
duplicate  the  instruments;  that  is,  have  one  meter  or  a 
complete  set  in  the  boiler  room  and  another  in  the  office, 
all  giving  readings  from  the  one  flow  meter.  The  indicat- 
ing meter  is  a  special  make  of  ammeter  designed  for  one 
ampere.  The  recording  meter  is  the  same  thing  with  a 
recording  arm  attached  and  clockwork  to  revolve  a  twentj'- 
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four-hour  chart.  The  integrating  meter  is  specially  de- 
signed so  that  the  counters  will  move  about  ten  times 
as  fast  as  in  the  usual  type  of  wattmeter. 

These  meters  operate  on  alternating  current  only,  at  a 
]iressure  of  38  volts.  A  small  transformer  reduces  the 
voltage  of  the  supply  to  this  point.  In  case  there  is  only 
direct  current  in  the  plant,  a  rotary  converter  is  added  to 
the  equipment  at  small  expense. 

The  flow  meter  is  not  as  complicated  as  the  description 
would  indicate;  it  is  compact  and  hangs  in  one  piece 
from  the  plug.  The  use  of  different  types  of  instruments 
with  the  one  flow  meter  and  their  location  at  any  point 
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desired  form  an  arrangement  unusually  convenient.  As 
the  meter  is  sealed  there  is  no  opportunity  for  the  mer- 
cury to  oxidize.  .Moderate  prices  and  accurate  measure- 
ment of  the  flow,  due  to  the  accuracy  of  the  electrical  in- 
struments, are  among  the  claims. 


«  hnt     <  f>|>|H-r     <iiN 

appriixlrnati'  nxltiiju   i 
ing  alluvM  containing 


nit  \lliijK  <'f>ntnln — CompoBltion  anil 
ini  of  (ionii-  of  the  more  common  cast- 
iipptri'.  zinc,   tin  and  lead: 


-C'omposltion- 


AlloyM  Copper 

Gun  mvtiil 8S.n 

Lpadi'd    Kun    metal...  85.4 

Rod    brans 85.0 

IvOW-Ki-a'le    red    brass  81.5 

Leaded    bronze 80.0 

Kronzi-    with    zinc...  iH.r, 

Half  yellow,   half  red  75.0 

Cast    yillow    brass...  6fi.fl 

Naval   brass 61. 7 


Zinc 
2.0 


Tin 
10.0 
9.7 
5.0 
3.1 

io!4 


Lead 

's'.o 


MeltInK 
Point. 
l)e(T.  F. 

1826 

1795 

1780 

17!I5 

17.15 

17;i5 

ifino 

1R45 
1570 


This  oil  pump  is  designed  with  a  complete  pump  unit 
for  each  feed  and  can  be  removed  without  disturbing 
any  other  unit.  The  mechanism,  fastened  to  the  pump 
body,  is  immersed  in  oil,  and,  as  the  drive  is  positive, 
there  is  no  slip  between  the  driving  medium  and  the 
ratchet,  the  driving  lever  of  which  moves  through  an 
angle  of  76  degrees. 


.'>E(TION.\I,  \'IE\V  OF  THE  IvEAHN  FoRCE-FeED 

Lubricator 

An  auxiliary  hand  lever  is  funii.shcd  with  the  r:itchct 
pump  and  a  di.sengaging  head  with  the  direct-drive  pump 
so  tliat  oil  can  be  forced  to  the  engine  bearings  before 
starting. 

The  pump  lever  is  operated  from  any  suitable  source 
on  the  engine  and  on  the  ratchet-driven  imiiip  a  ratchet 
revolves  the  puinji  shaft  in  one  direction,  giving  move- 
ment to  the  pump  i)lunger  through  a  cros^head.  On  the 
direct  drive  the  ))um|)  shaft  o.scillates  to  give  the  plunger 
the  required  stroke. 

Oil  is  drawn  iiy  the  jihingcr  through  the  inlet  pipe 
A  into  the  cylinder  li.  On  the  reiurii  stroke  the  oil  is 
forced  into  tlie  ))ipe  C,  past  the  bypass  D  into  the  reg- 
ulating valve  E,  where  it  drops  from  tlie  drip  nozzle 
through  the  sight  feed  and  outlet  pipe  into  the  cyl- 
inder B  and  is  forced  out  into  tlie  fcctl  line  iinst  the 
check  valve  by  the  pump  ]ilunger  on  the  next  stroke. 

This  pump  is  made  for  .'!-,  -t-,  fi-  and  8-qiiart  ca])itci- 
ties  with  from  one  to  eleven  feeds.  Compartment  pumps 
arc  also  built  so  tlint  two  grades  of  oil  may  be  used. 

This  jtump  is  made  by  the  Krahn  ^lanufacturing  Co., 
Clinton  and  Liipham  Sts.,  Milwaukee,  Wis. 
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All  iiiuonioiis  (levite  designed  to  as^;ist  the  flyhall  gov- 
ernor of  a  Corliss  engine  in  maintaining  the  speed  with- 
in 1  per  cent,  from  no  load  to  25  per  cent,  overload  is 
shown  in  the  accompanying  illustration.  It  was  pat- 
ented in  December,  1909,  by  C.  P.  Hall,  chief  «ngineer 


hition.  In  rolling  mills,  sawmills  and  other  places  where 
the  variation  in  load  is  extreme,  the  compensator  should 
prove  of  value. 

B)Ty'=^&,<cK®t  S®©tt  Blower 

The  dry-jacket  soot  blower  is  designed  for  use  with  a 
water-tube  boiler  and  is  intended  to  withstand  high  fur- 
nace temperatures  without  having  to  be  replaced  at  short 
intervals. 

The  blower  Units  wMch  are  exposed  to  a  deteriorating 
temperature  are  made  of  two  wrought-iron  tubes,  one 
within  the  other.  The  outside  tube  is  31/^  in.  in  diam- 
eter, with  a  %-in.  space  between  the  inner  and  outer 
tubes,  which  is  filled  with  a  specially  prepared  heat-re- 
sisting compound.  These  units  are  baked  in  ovens  at  an 
extremely  high  temperature  until  the  compound  becomes 
hardened  and  tile-like  in  formation. 

This  material  is  pressed  tightly  around  the  inner  tube 
and  forms  an  insulator  so  that  the  tube  does  not  become 
red  hot  even  in  the  hottest  furnaces. 

Another  feature  about  this  device  is  that  each  unit  re- 
volves on  its  own  bearings  and  directs  the  steam  between 
the  tubes  where  soot  may  lodge.  In  cases  where  a  com- 
plete revolution  of  the  blower  is  not  necessary,  stops  are 
provided  to  eliminate  the  waste  of  steam.  The  illus- 
tration shows  a  unit  in  its  correct  position  with  respect 
to  the  tubes. 

Each  unit  is  equipped  with  steel  expansion  nozzles 
which  force  the  steam  aroimd  and  between  the  tubes  at  a 
high  velocity,  estimated  to  be  2500  ft.  per  second,  al- 


(  '"■.:  :  i    ,-       ,,:,,.(,,  ,i,i-.>    (.(iVKKXnl; 

of  the  Rookery  Building,  Chicago,  but  has  not  received 
mention  in  the  technical  press. 

The  compensator  consists  of  a  tube  1^^  in.  in  diam- 
eter, 19  in.  long,  capped  at  both  ends  and  divided  into 
several  compartments  which  are  partially  filled  with  uier- 
cur\".  It  is  placed  on  top  of  the  hub  of  the  rocker-arm 
to  which  the  reach  rods  are  attached  and  secured  by  means 
of  a  saddle  and  stirrup.  A  space  of  214  in.  is  necessary 
between  the  governor  rod  and  the  inner  face  of  the  rocker- 
arm.  The  compensator  is  mounted  level  on  the  rocker- 
arm  hub  when  the  engine  is  running  light  at  its  usual 
speed  and  is  bolted  rigidly  in  place.  Then  when  the  gov- 
ernor tilts  the  rocker-arm  in  either  direction,  the  com- 
pensator follows,  and  the  mercury,  concentrating  its 
weight  in  the  same  direction,  automatically  aids  the  gov- 
ernor. In  other  words,  the  compensator  has  the  same  ef- 
fect as  automatically  increasing  or  decreasing  the  weight 
of  the  balls  when  the  engine  speed  is  either  side  of  nor- 
mal. It  thus  adds  to  the  power  of  the  governor,  and  as 
the  perforated  di\'ision  walls  between  compartments  do 
not  allow  a  sudden  sliift  of  the  mercurj-,  the  compensator 
tends  to  steady  the  action  of  the  governor  and  prevents 
racing. 

For  the  past  five  years  one  of  these  compensators  has 
been  in  operation  on  a  20x42-in.  Corliss  driving  directly 
a  200-kw.  direct-current  generator  at  100  r.p.ni.  The 
engine  had  seen  18  years  of  service  before  the  device 
was  applied.  The  load  consists  of  lights  and  motors  in 
an  office  building  and  varies  from  100  to  250  kw.,  al- 
though not  in  a  single  shift.  By  actual  count  over  a 
considerable  period  the  speed  did  not  vary  one  revo- 


Blowek  in  Correct  Position  with  Eespect  to  the 
Tubes 

though  no  more  steam  is  used  than  with  an  ordinary  open- 
ing of  the  same  size.  Units  not  within  reach  from  the 
floor  are  operated  by  sheave  wheels  and  chains. 

This  blower  is  manufactured  by  the  Diamond  Power 
Specialty  Co.,  Detroit,  ilich. 


Electrolysis  Resnlation  In  St.  Paul — Following  a  brief  re- 
port by  Ray  Palmer,  commissioner  of  gas  and  electricity, 
Chicago,  and  recommendations  on  electrolysis  on  water  mains 
in  St.  Paul,  the  water  board  will  present  bills  to  the  street 
railway  company  for  damages  due  to  stray  currents  and  ask 
the  latter  to  cooperate  with  the  board  in  the  establishment 
of  return  feeders  and  continuity  of  service.  In  case  the  com- 
pany' refuses,  Mr.  Palmer  recommended  the  passage  of  regu- 
lating ordinances  similar  to  those  in  force  in  Ohio,  St.  Louis 
and  Chicago. 


Saved  by  a  Bolt — In  connection  with  the  wreck  of  the  gan- 
try crane  at  the  Marion  station  of  the  Public  Service  Corpora- 
tion of  New  Jersey,  we  learn  that  a  similar  accident  nearly  oc- 
curred at  the  Bayonne  worlts  of  the  Babcock  &  W^ilcox  Co. 
Their  large  bridge  crane  ran  to  the  end  of  the  track  and 
sheared  off  ten  sets  of  track  bolts,  all  that  prevented  it  from 
going  over  being  a  last  bolt  which  was  half  sheared  off,  but 
held. 
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By  a.  B.  iroKiusoN,  Jk. 


SYNOPSIS — Discusses   the  relations   of   valve  area   to 
valve  lift  and  pump  speed. 


In  the  selection  of  a  reciprocating  piimp,  whether  di- 
rect-acting or  power-driven,  or  in  analyzing  the  opera- 
tion of  a  pump  which  may  not  be  giving  satisfaction,  the 
^alve  area  is  one  of  the  most  important  things  to  inves- 
tigate. 

Valve  area  is  usually  expressed  in  percentage  of  the 
piston  area,  the  actual  net  area  through  the  valves  being 
taken.  The  space  occupied  by  the  ribs  and  valve-stem 
support  is  subtracted  from  tlie  area  given  by  taking  the 
circle  whose  diameter  is  the  inside  diameter  of  the  valve 
seat.  This  net  area  is  considerably  less  than  would  be 
given  by  taking  the  area  of  the  rubber  valve  itself.  For 
example,  a  3-in.  valve  has  a  net  area  of  less  than  4  in., 
taking  the  valve  as  a  wliole,  whereas  the  area  of  a  3-in. 
disk,  such  as  the  rubber  valve,  is  from  40  to  50  per  cent. 
of  the  area  corresponding  to  the  valve  .size. 

Valve  area  in  itself  is  not  a  sufficient  criterion  by  which 
to  judge  a  pump  without  knowing  the  size  of  the  pumj) 
cylinder,  the  type  of  jjunip  and  the  duty.  The  percentage 
of  valve  area  in  a  given  pump  should  be  known  in  order 
to  know  the  mean  velocity  of  the  liquid  through  the 
valves.  This  may  be  as  high  as  3.50  ft.  per  min.  through 
the  suction  valves  on  large  pumps,  providing  the  pump  is 
carefully  designed  for  the  service,  and  is  usually  the  same 
through  the  discharge  valves,  which  for  shop  reasons  are 
generally  made  the  same  both  in  size  and  nundicr  as  the 
suction  valves.  Broadly  speaking,  200  ft.  per  minute  is 
considered  standard,  the  same  as  100  ft.  per  min.  pis- 
ton speed  is  considered  standard,  both  being  approximate 
rules. 

It  is  apparent  that  a  small  pump  can  have  a  smaller 
percentage  of  valve  area  to  piston  area  than  a  large  one 
and  still  operate  satisfactorily.  For  mechanical  reasons 
it  is  not  practicable  to  run  a  short-stroke  pump  fast 
enougli  to  approximate  a  piston  speed  of  100  ft.  ])er  min. 
A  pump  with  3-in.  stroke,  for  instance,  to  run  at  100  ft. 
pi.ston  sj)ced,  would  have  to  make  400  strokes  per  min. 
Even  though  the  pump  could  run  at  this  excessive  speed 
and  not  sliake  itself  to  pieces,  the  valves  obviously  could 
not  open  and  close  fast  enough  to  kec])  up  with  the  strokes 
of  the  ])ump.  On  the  other  hand,  a  36-in.  stroke  pump 
running  at  only  '.iV/.i  strokes  per  min.  would  give  100  ft. 
piston  speed.  Sudi  a  pump  could  o])eratc  at  40  strokes, 
or  120  ft.,  i)er  min.  with<iiit  troul)lc  and  probably  would 
be  rated  at  tliis  si)eed.  Similarly,  a  21-in.  stroke  pump 
at  50  strokes  would  give  100  ft.  and  would  probably  be 
rated  at  25  revolutions. 

Suppose  that  the  3-in.  stroke  pump  is  raied  to  give  its 
capacity  at  (iO  revolutions  or  120  strokes.  Then  the 
piston  speed  is 


1 20  X  3 
J  2 


=  30//.  per  win. 


30 
0.30 


=  100  //.  jjer  mill. 


If  the  24-in.  pum)!  is  operated  at  25  revolutions  or  100 
ft.  piston  speed,  with  30  per  cent,  valve  area,  then  the 
velocity  throuah  the  \al\es  wo\dd  be 


100 
0.30 


=  333  ff. 


which  is  too  high.  Such  a  pump  would  have  at  least  50 
per  cent,  valve  area,  giving  200  ft.  velocity  through  the 
calves  at  the  rated  speed  of  35  revolutions.  It  is  appar- 
ent, therefore,  that  the  factor  to  be  considered  is  not  the 
percentage  of  valve  area  alone,  but  the  velocity  through 
the  valves  as  well,  the  latter  being  directly  proportional 
to  the  former  and  dependent  on  the  speed;  the  percentage 
of  valve  area  usually  depends  on  the  size  of  the  pump. 

The  size  and  shape  of  the  water  end  have  much  to  do 
witli  the  satisfactory  operation  of  the  pump.  If  the  wa- 
ter passages  are  large  and  direct,  the  pump  will  be  more 
satisfactory  at  high  speeds  than  if  the  water  passages 
are  narrow  and  long. 

The  size  of  the  valve,  regardless  of  its  area,  is  also  im- 
jjortant.     Siippose  in  a  given  pump  the  valves  are  uom- 


If  the  net  valve  area  is  30  per  cent,  of  the  piston  area 
then  the  velocity  through  the  valves  would  be 
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Direct- Acting  ]{EciPiiocATiNG  Pumi's 

inally  (!  in.  diameter.  The  net  area  tlirmigh  the  valves 
determines  the  velocity  through  the  scat,  but  in  order  to 
secure  egress,  tlie  liquid,  after  passing  through  the  seat, 
nnist  raise  the  valve  and  escape  around  the  circumference. 
The  valve  area  is  a  function  of  the  square  of  the  valve 
diameter,  wlicrcas  the  circumference  of  the  valve  is  di- 
rectly pi-oportional  to  the  dianmter.  The  (i-in.  valve  would 
have  an  a])pro.viniate  net  area  of  14  sq.in.,  this  being 
taken  as  50  per  cent,  of  the  area  of  a  (i-in.  circle,  28.27 
sq.in.  Assume  that  the  diameter  of  tlie  inside  of  the 
valve  seat  over  which  the  water  must  pass  is  a])proxiniate- 
ly  5.5  in.,  the  circumference  of  which  is  17.3  in.  That 
the  liquid  may  pa.ss  out  over  the  circumference  of  the 
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valve  at  the  same  velocity  as  it  glasses  through  the  seat, 
the  valve  must  be  lifted 


14 
17.3 


=  0.809  in. 


If  tlie  pump  were  short  stroke  and  running  at  high  s]iee(l 
there  might  not  he  time  enough  for  the  valve  to  raise  and 
seat  quietly  and  hammering  might  result.  Suppose  that 
4-iu.  valves  Tvere  substituted  for  6-in.  Assuming  the 
area  through  the  4-iu.  valve  to  be  6.3  sq.in.,  or  one-half 
of  the  area  of  a  4-in.  circle,  and  the  inside  diameter  of 
the  valve  seat  to  be  3%  in.,  which  gives  a  circumference 
of  11 .38  in.,  the  lift  of  each  valve  would  be 


6.3 
11.38 


=  0.554  in. 


or  slightly  more  than  half  an  inch.  This  condition 
would  be  more  likely  to  insure  quiet  running,  assuming 
the  valve  area  to  be  the  same  in  both  cases. 

If  a  pump  is  operating  under  heavy  discharge  pressiue 
the  speed  must  be  low  and  the  valve  area  large,  with  a 
slow  water  velocity  to  make  sure  of  filling  the  cylinder 
and  giving  the  valves  time  to  seat  before  the  pump  starts 
its  return  stroke.  On  a  high  suction  lift  large  valve  area 
is  a  necessity,  and  here,  too,  slow  speed  is  required.  Be- 
fore the  valves  can  open,  a  considerable  vacuum  must  be 
created  and  time  allowed  for  the  water  to  fill  the  cyl- 
inder before  the  return  stroke  is  made.  A  pump  on  a 
high  suction  lift  is  likely  to  be  troubled  with  air  leaking 
through  the  joints  of  the  suction  pipe  or  entrained  in 
the  suction  and  released  when  the  vacuum  necessary  tcf 
pull  the  water  is  produced.  If  the  strokes  are  rapid, 
this  air  may  not  be  expelled,  but  will  be  alternately  com- 
pressed and  expanded,  causing  the  pump  to  knock  and 
race.  The  same  effect  would  be  had  if  the  valve  area 
were  so  small  that  the  pump  coidd  not  fill  properly, 
though  in  this  latter  ease  the  trouble  would  be  due  to  a 
partial  vacuum  and  not  to  the  air.  With  hot  liquids, 
owing  to  their  tendency  to  vaporize,  slow  speed  is  also 
essential. 

The  question  as  to  relative  valve  areas  between  a  di- 
rect-acting steam  pump  and  a  power-driven  pump  is  hard 
to  answer.  Fig.  1  shows  the  velocity  curve  of  the  piston 
of  a  power-driven  pump  and  Fig.  2  the  curve  for  a 
direct-acting  duplex  pump,  the  hump  at  the  end  being 
caused  by  the  cushioning.  If  the  valve  opening  and 
closing  followed  in  point  of  time  the  curve  of  the  piston 
\elocity,  then  the  power  jnimp  woidd  have  the  advantage, 
for  the  opening  and  closing  would  be  gradual.  This  as- 
sumption does  not  appear  to  be  borne  out  in  practice. 
^lore  power  is  required  to  open  the  valves  than  to  hold 
them  open,  and  a  considerable  vacuum  is  sometimes  nec- 
essary in  the  cylinder  Ijefore  the  valve  raises.  The  open- 
ing and  closing  of  the  valve  do  not  follow  the  velocity 
curve  but  are  behind  it.  With  the  duplex  direct-acting 
pump  the  motion  is  more  rapid,  as  will  be  noted  from 
the  curve,  and  probably  tlie  valves  open  more  quickly  than 
in  a  power-driven  pump  and  remain  open  for  a  longer 
time.  The  cushioning  at  the  end  allows  the  valves  to 
seat  before  the  return  stroke  is  fommenced.  It  would 
appear  that  for  a  given  length  of  stroke  the  direct-acting 
pump  would  operate  better  on  a  lower  percentage  of  valve 
area  than  the  power  pump,  this  conclusion  being  reached 
for  the  reason  that  probably  the  valves  are  open  full  for 


a  greater  part  of  the  stroke.  However,  a  power  pump  is 
nearly  always  a  constant-speed  machine,  whereas  tlie 
steam  pump  can  be  run  at  almost  any  speed  within  its 
limits,  and  is  likely  to  be  speeded  at  times  beyond  its 
rated  and  regular  capacity.  It  is  safe  to  figure  on  the 
same  jjercentage  of  valve  area  for  either  type  for  tlie  same 
.sizes. 

In  pumping  heavy  and  viscous  liquids,  as  oils,  tars, 
etc.,  the  valve  area  should  be  larger  than  for  water,  since 
these  liquids  flow  more  slowly  and  the  cylinder  will  not 
fill  as  readily.  If  the  liquid  has  a  specific  gravity  some- 
wiiat  greater  than  water  it  should  be  remembered  that  for 
a  given  suction  lift  the  vacuum  produced  by  the  pump 
must  be  greater  than  for  water.  A  column  of  the  liquid 
would  exert  a  greater  pressure  than  a  similar  column  of 
water,  due  to  its  greater  specific  gravity,  hence  the  vac- 
uum in  the  cylinder  must  be  greater  for  the  pressure  of 
the  atmosphere  to  raise  the  liquid  a  given  height. 

The  following  table  gives  the  average  speed  at  which 
pumps  of  a  gi\en  stroke  are  usually  run  (a  revolution  be- 
ing taken  as  two  strokes  of  a  direct-acting  piimp)  togeth- 
er with  the  percentage  of  net  valve  area  advisable  for 
both  suction  and  discharge  considered  separately.  These 
speeds  may  vary  considerably  up  and  down  due  to  local 
conditions,  particularly  on  the  smaller  sizes,  a  higli  suc- 
tion lift,  heavy  viscous  and  hot  liquids  and  high  dis- 
charge pressures  decreasing  the  speed ;  suction  under  jjres- 
Sure  and  low  discharge  pressure  increase  it. 


Average  maximum 
Revolutions 
per  Minute 


Minimum  per  Cent. 
Valve  Area 
Advisable 


On  the  shorter-stroke  pumps  the  valve  area  is  usually 
larger  and  the  water  passages  are  likely  to  be  restricted. 


Flow  of  Steam  TlirouKh  Pipes — There  is  perhaps  no  phase 
of  power-plant  design  in  which  the  rule-of-thumb  methods 
are  still  adhered  to  so  commonly  as  in  the  determination  of 
the   proper   size   of  steam   pipes. 

This  is  due,  apparently,  to  several  reasons;  the  commonly 
accepted  formulas  are  complex,  are  not  any  too  well  sub- 
stantiated by  experimental  data  nor  based  on  sound  theory; 
the  tables  given  by  various  writers  are  incomplete  and  in- 
convenient. The  engineer  who  installs  pipes  which  are  too 
large  will  seldom  be  criticized,  for  the  mistake  shows  but 
slightly  in  the  first  cost  of  the  entire  plant  and  the  large 
radiation  losses  remain  unnoticed.  Many  designers  overesti- 
mate the  importance  of  keeping  the  pressure  drop  in  the 
lines  low.  Loss  of  pressure  in  a  pipe  line  carrying  any  fluid 
is  due  to  friction,  and  results  in  the  transformation  of  energy 
of  motion  of  the  fluid  as  a  whole  into  molecular  energy  or 
heat.  In  a  water  line  this  heat  is  usually  a  total  loss,  but 
with  steam  flowing  in  well  covered  pipes  most  of  this  heat 
is  carried  on  with  the  steam,  raising  its  temperature  or 
its  quality.  Thus,  instead  of  being  able  to  figure  the  percent- 
age loss  of  power  as  being  equal  to  the  percentage  of 
pressure,  as  is  usually  true  for  water  or  electricity,  the  loss 
is  materially  reduced  by  the  return  of  the  heat  to  the  steam. 
Or.  the  total  energy  of  each  pound  of  steam  just  after  enter- 
ing the  pipe  is,  heat  energy  +  pressure  X  volume  energy 
+    energy   of   velocity   along   the    pipe. 

Before  leaving  the  pipe  the  heat  energy  has  been  drawn 
upon  to  increase  the  volume  and  also  to  increase  the  velocity 
of  the  steam,  while  at  the  same  time  the  friction  has  been 
absorbing  a  part  of  the  energy  of  velocity  and  returning 
it  in  the  form  of  heat  energy.  So,  if  the  pipe  could  be  ,)er- 
fectly  insulated  all  the  energy  entering  the  pipe  would  be 
delivered  at  the  other  end. 
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C®iraseiPvm4fl©Ea 

Once  in  every  seven  years  the  human  body  completely 
changes.  We  do  not  know  how  anyone  knows  that,  but 
the  wise  ones  claim  it  is  so,  and  as  we  cannot  prove  that 
it  is  not,  we  have  to  accept  it.  But,  granting  that  it  is 
true,  the  human  body  has  nothing  on  the  body  of  gover- 
nors of  these  sovereign  states  which  for  seven  years  has 
been  assembling  annually  and,  in  that  time,  if  it  has  not 
entirely  changed  its  physical  makeup,  surely  has  com- 
pletely changed  its  mind. 

The  verj-  purpose  of  the  original  conclave  was  to  arouse 
the  people  of  this  country  to  the  dwindling  supply  of  our 
natural  resources  and  set  in  motion  the  machinerv  of  gov- 
ernment to  the  end  that  all  possible  wastes  might  be 
eliminated.  ''Conservation  of  our  natural  resources''  was 
the  keynote  of  the  convention  and  became  the  popular 
slogan  almost  immediately.  Such  is  our  naturally  buoy- 
ant nature  as  a  people,  however,  that  we  just  cannot  keep 
our-selves  indefinitely  concerned  about  the  welfare  of  fu- 
ture generations,  and  so  after  seven  years  the  "Conser- 
vation Congress,"  as  it  had  come  to  be  known,  proves  to 
lie  almost  the  opposite.  Sentiments  were  there  expressed, 
as  mentioned  in  the  report  of  the  meeting  on  page  761, 
that  would  have  been  set  down  as  rank  heresy  had  they 
been  aired  at  the  earlier  conferences. 

The  only  conservation  that  seemed  to  appeal  at  this 
particular  gathering  was  that  of  state  rights.  The 
Western  governors,  especially,  ol)viously  preferred  state 
to  federal  control.  As  to  which  is  the  better,  so  far  as 
natural  resources  are  concerned,  is  a  question  which  we 
are  not  prc])ared  to  discuss  further  than  to  suggest  that 
whichever  one  will  make  for  the  greatest  solidarity  of 
these  United  States  as  a  nation  would  have  our  prefer- 
ence. 

The  history  of  Kuro])e,  ))articularly  that  at  present 
in  the  making,  proves  the  need  of  larger  countries  since 
now  several  have  to  unite  for  mutual  protection  against 
a  common  enemy.  That  which  tends  to  separate  our 
states  by  provoking  jealousy  ami  distord  would  tend 
toward  tiie  unliappy  condition  of  alfairs  that  is  common  to 
the  lialkan  States.  Also,  we  should  prefer  that  form  of 
control  which  wciulil  l)e  least  approachable,  su])posiMg  tliere 
were  any  uns(ru|>u]ous  cojtibinations  seeking  to  intliiencc 
the  legislators  to  favor  them  in  the  distribution  of  rights 
to  the  natural  resources.  In  other  words,  we  should-favor 
that  form  of  control  which  best  conserved  tiie  lienefits 
a<cruing  from  the  natural  resources  to  tlie  ])c(!i)lc  as  a 
whole. 

The  ordinary  consumers  of  electricity  in  St.  Louis  are 
still  ]iaying  the  same  price  for  current  tliat  tiiey  l)aid 
before  the  Keokuk  plant  was  built.  The  saving  they 
should  have  enjoyed  has  become  the  profit  of  a  few — a 
little  gift  from  the  Government,  whici)  probably  will  not 
repeat  the  error.     Let  us  have  no  more  Keokuks ! 

But,  to  return  to  the  suliject  of  conservation,  we  concur 
in  the  evident  attitude  of  tiie  governors  as  a  whole  that 


true  conservation  is  not  hoarding  but  wisely  using,  with- 
out wasting,  the  natural  resources  to  the  greatest  good  of 
the  greatest  number. 

IKsiHt  Cas.l©rf^e^®2 

Save  your  aslies.  There  is  another  scheme  on  to  burn 
them.  This  time  it  is  "Calorigene,"  and  news  of  it  conies 
out  of  the  North.  The  Ottawa  Free  Press  hails  it  as  a 
"timely  discovery,"  and  says  it  will  bum  up  seventy-five 
per  cent,  of  the  ash  and  effect  a  saving  of  twenty-five  to 
fifty  per  cent,  of  the  coal,  in  ■which  case  from  one-  to  two- 
thirds  of  the  coal  would  seem  to  need  to  be  ash,  unless  the 
ash  has  more  heat  value  than  the  coal  itself. 

The  timeliness  of  the  discovery,  or  of  the  announce- 
ment, to  our  mind,  lies  in  the  fact  that  the  public  has 
just  about  had  time  to  forget  Doctor  Hoy  and  the  Cobbler 
of  Scranton.  It  was  about  seven  years  ago  that  they  set  the 
engineering  world  by  the  heels  with  their  announcement 
that  a  solution  of  salt  and  oxalic  acid  would  make  a  fuel 
bed  out  of  an  ash  heap.  Thousands  of  engineers  all  over 
the  country  set  out  to  burn  up  their  ashes.  The  Board  of 
Education  of  New  York  City  laid  in  a  stock  of  the  chemi- 
cal and  made  the  janitors  use  it.  Quite  a  bit  of  unburned 
carbon  which  had  found  its  way  into  ash  barrels  was  saved 
by  the  second  burning,  but  in  the  last  analysis  it  was  found 
that  such  of  the  so  called  ash  as  was  burnable  was  carbon 
and  would  burn  without  the  aid  of  the  cobbler's  compound, 
and  such  as  was  realh'  ash  was  beyond  resuscitation.  The 
cobbler  presumably  went  back  to  his  last  and  the  doctor 
who  financed  the  scheme  shot  himself. 


excellent 


;;iii,    liut    what 


■■Quality  lirsl'"    i 
(juality  ? 

The  best  (luality  of  Iwbhitt  metal  for  a  main  bearing 
may  be  the  most  highly  priced  brand.  If  it  is  to  be  used 
to  fill  a  blowhole  in  a  casting,  type  metal  may  be  the 
best  as  well  as  the  cheapest.  The  most  expensive  cylin- 
der oil  may  be  none  too  good  in  the  cylinder,  but  for  the 
line  shaft,  where  it  is  expected  to  run  cool,  it  may  be 
the  most  expensive.  Georgia  Creek  coal  may  be  the  best 
as  well  as  most  expensive,  but  if  there  is  a  pile  of  sawdust 
handy  that  you  cannot  float  down  stream  it  may  be 
cheaper  to  l)urn  that  instead. 

The  greatest  diffiiully,  however,  comes  in  the  fact 
that  many  things,  from  globe  valves  to  engines,  masque- 
rade as  of  high  quality  when  they  are  not.  Finish  may 
be  substituted  for  quality,  both  of  material  and  work- 
niiinship. 

That  there  is  a  legitimate  field  for  chea)i  goods  in  all 
these  lines  cannot  be  denied.  In  construction  work,  where 
temporary  jilants  are  u.sed,  and  where  the  salvage  on 
removal  is  far  from  complete,  no  matter  what  material 
is  used ;  where  the  work  is  in  the  nature  of  experiment,  or 
where  the  conditions  are  such  that  aiidity  in  the  water 
must  be  tolerated  for  a  time — in  these  and  in  many  other 
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instances  a  clieap  grade  of  material  is  the  most  economical. 
Tlie  difficultv  is  to  prevent  this  material  masquerading 
as  good  material  at  low  cost. 

Unfortunately,  manj'  have  an  obsession  that  all  manu- 
facturers make  a  profit  of  several  hundred  per  cent,  on 
their  products.  These  misguided  people  honestly  believe 
that  it  is  possible  to  buy  at  half  the  price  of  the  real  ar- 
ticle and  still  leave  the  manufacturer  profit  enough 
to  continue  to  do  business.  If  such  men  would  only  keep 
track  of  the  percentage  of  failures  of  manufacturers,  they 
might  see  that  they  are  mistaken.  As  it  is,  they  make  an 
easily  gullible  section  of  the  purchasing  public  that  is 
exploited  by  the  more  or  less  irresponsible  dealer  in 
'■jusVas-good'"'  goods. 


How  long  has  it  been  since  each  or  any  machine  under 
your  charge  has  been  overhauled?  Some  have  the  habit 
of  letting  everything  go  so  long  as  it  runs  and  do  not 
think  of  repairs  or  renewals  until  there  is  an  absolute 
breakdown.  The  most  careful  engineer  cannot  avoid  all 
mishaps  and,  no  matter  how  alert  he  may  be  to  the  first 
signs  of  weakness  or  improper  conditions,  he  will  occa- 
sionally have  troubles  of  one  kind  or  another.  Never- 
theless, it  is  a  safe  wager  that  the  man  who  looks  ahead 
to  avoid  such  things  will  have  less  of  them  than  he  who 
waits  to  act  under  compulsion.  Herein  lies  the  value  of 
the  periodical  overhaul. 

This  is  not  to  say  that  once  a  year  everything  should 
be  gone  over,  although  this  is  a  better  rule  than  none  at 
all,  but,  at  certain  intervals  greater  or  less  in  length,  de- 
pending on  the  nature  of  the  apparatus,  everything  should 
have  a  thorough  examination,  internal  as  well  as  exter- 
nal. This  goes  beyond  the  simple  tests  as  of  safety  valves 
or  engine  stops,  which,  of  course,  should  be  tried  at  least 
once  ever}'  day.  'We  refer  rather  to  the  actual  taking 
apart  of  every  piece  of  running  equipment  until  all  \-ul- 
nerable  parts  are  exposed.  Scored  cylinders,  broken  or 
ill-fitting  rings,  worn  bearings,  clogged  oil  holes  and 
countless  other  little  things  may  exist  for  some  time  be- 
fore they  make  themselves  evident  in  the  routine  oper- 
ation. The}'  may  come  about  so  gradually  that  change  of 
sound  in  the  running  is  not  suflScient  from  day  to  day  to 
disclose  their  presence.  A  crack  in  a  concealed  part  may 
mean  real  danger  if  not  discovered  in  time  and  the  per- 
iodical overhaul  may  reveal  it  before  it  has  done  any 
mischief. 

The  overhaul  naturally  includes,  first  of  all,  a  thorough 
cleaning,  but  some  make  that  practically  the  full  extent 
of  the  work.  Others  will  go  far  enough  to  search  out  and 
adjust,  fit  or  renew  such  members  as  show  too  much  wear 
and  probably  also  replace  parts  that  show  serious  effects 
of  corrosion.  The  ultracautious  will  separate  all  the 
pieces  that  are  not  riveted  or  otherwise  joined  in  such  a 
way  that  it  would  he  inadvisable  to  disturb  them,  and 
measure  or  test  them  with  a  hammer,  as  the  case  may  be, 
to  see  if  they  are  worn  or  distorted  or  in  any  way  un- 
sound. 

Even  if  an  overhaul  proves  to  have  been  unnecessary,  it 
is  instructive  at  any  rate  to  those  who  take  part  in  it,  and 
is  the  best  of  training  for  the  wliole  force.  Notes  taken 
and  retained  of  the  findings  may  prove  of  considerable 
later  value. 


Just  at  a  time  when  the  public,  after  two  or  more  years 
of  patient  waiting,  had  reason  to  expect  an  early  decision 
in  tlie  Edison  rate  case,  comes  the  announcement  that 
the  Public  Service  Commission  has  granted  a  rehearing, 
based  on  the  contention  of  the  company's  attorneys  that  in- 
sufficient information  has  been  called  for  and  submitted. 
Whether  this  contention  is  well  founded  we  are  not  pre- 
pared to  say;  that  it  should  have  taken  the  commission 
two  years  to  find  this  out  is  inexcusable. 

Commenting  on  this  case  three  weeks  ago,  we  sought 
to  give  the  commission  the  benefit  of  the  doubt,  and 
ascribed  the  slow  progress  to  a  desire  to  be  thorough 
and  omit  nothing  wiiich  would  be  pertinent  to  the  estab- 
lishment of  equitable  rates.  Tliat  we  spoke  too  soo:: 
is  apparent. 

Where  the  New  York  commission  has  so  miserably 
failed  to  accomplish  results  similar  commissions  have 
been  highly  successful  in  other  states,  notably  Missouri 
(see  page  761),  where  in  six  months  two  important  de- 
cisions were  rendered  in  which  a  complete  readjustment 
of  rates  has  been  ordered.  In  each  of  these  cases,  all 
factors  entering  into  the  cost  of  production  were  thorough- 
ly investigated.  These,  although  less  in  scope,  were  not 
essentially  different  from  those  involved  in  the  Edison 
case.  Wlien  it  is  recalled  that  the  salaries  of  the  Mis- 
souri commissioners  are  fi\e  thousand  five  hundred  dollars 
each  per  annum  as  against  fifteen  thousand  dollars  for 
the  New  York  commissioners,  one  does  not  have  to  fig- 
ure long  to  judge  in  which  state  the  public  has  made  the 
better   investment. 


If  the  advocates  of  municipal  ownership  are  prone  to 
be  overenthusiastic  and  visionary,  its  opponents  do  not 
always  display  a  highminded  disposition  to  get  at  the 
truth,  whichever  side  it  hits.  Cleveland,  Ohio,  has  gone 
further  in  the  direction  of  operating  its  own  public  utili- 
ties than  any  other  American  city,  and  has  recently 
completed  the  largest  municipally  owned  electric-light 
station  in  the  country.  Mr.  Ballard,  the  engineer,  esti- 
mated that  such  a  station  could  be  made  self-support- 
ing with  a  maximum  charge  of  three  cents  per  kilowatt- 
hour.  The  first  three  months'  operation  seemed  to  justify 
the  estimate  of  operating  expenses  upon  which  this  claim 
was  based,  but  the  station  has  been  running,  naturally 
during  the  period  of  inauguration,  at  a  very  low  load  fac- 
tor, not  more  than  one-quarter  of  the  load  for  which  it 
is  designed  being  carried.  This  has,  of  course,  made  the 
cost  per  kilowatt-hour,  including  the  fixed  charges,  high, 
whereupon  the  publicity  agent  of  the  Antis  gets  busy 
and  floods  the  country  with  accounts  of  "another  munici- 
pal-ownership fizzle,"  telling  in  apparent  sincerity  how 
the  current  at  Cleveland  is  costing  four  to  five  times  as 
much  as  the  engineer  estimated. 

And  the  funny  and  exasperating  part  of  it  is  that  en- 
gineers who  ought  to  know  better  swallow  the  story,  bait, 
hook  and  sinker. 


The  engineer  (?)  who  hangs  a  weight  upon  the  lever 
of  the  safety  valve  has  been  outdone  by  the  man  who  put 
the  weight  of  a  New  York  sidewalk  on  his,  by  wedging 
the  valve  against  it.  The  wedge  held,  but  the  boiler 
head  did  not. 
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As  to  the  broken  eraiikshal't  described  l)v  E.  E.  ilerrill. 
on  page  613,  Oct.  27,  it  is  very  evident  that  there  was  a 
suddeu  abnormal  load  on  the  generator. 

Cylinder  No.  2  was  probably  firing  at  this  same  in- 
.stant  and  as  ammonia  compressors  usually  have  heavy 
flywheels,  their  momentum,  added  to  the  force  of  the  ex- 
plosion in  No.  2  cylinder,  would  oppose  the  sudden  retard- 
ing force  due  to  the  short-circuit  and  tend  to  localize  the 
strain  at  No.  2  crank  at  about  the  place  the  break  actn 
ally  occurred. 

The  shaft  may  have  had  an  unsuspected  flaw  of  lon,^ 
standing.  Again,  as  the  babbitt  was  nearly  all  gone  from 
bearings  Nos.  1  and  3,  if  the  engine  had  been  running 
in  this  condition  there  might  have  been  continued  weak- 
ening due  to  the  loose  bearings.  It  would  be  interesting 
to  know  whether  there  was  any  jump  in  the  shaft  when 
Xo.  1  fired  and  what  ajjparatus  there  was  to  protect 
the  generator  from  overload. 

Earl  Pagett. 

Coffeyville,  Kan. 


As  the  shaft  ran  on  five  bearings  and  the  break  oc- 
curred between  Nos.  2  and  3,  it  being  found  that  the  bab- 
bitt was  wiped  out  of  bearings  1  and  3,  it  seems  to  me  thar 
the  power  impulses  distorted  the  shaft  until  it  crystal- 
lized and  weakened.  It  is  evident  that  the  shaft  was 
held  rigidly  between  bearings  4  and  5,  so  that  it  bent  at 
every  impulse  until  it  broke.  Thi.s  frequently  happens 
on  high-speed  automobile  motors. 

FoHiiK.sT  K.  Cahi'EN'tki;. 

Salmon   Falls,   N.   11. 

[A  high  bearing  between  two  low  ones  will  surely 
cause  a  shaft  revolving  in  the)u  to  break  in  time.  This 
method  is  sometimes  used  to  test  material. — Editor.] 

:« 

Firstt  IBoiler  KasplosaoEa  aini 

Atias^tlc  City 

On  the  night  of  Sept.  2U,  a  boiler  explosion  occurred 
in  Atlantic  City,  X.  J.,  which  is  said  to  be  the  first 
in  its  history. 

While  this  is  a  good  record,  it  is  more  from  good  luck 
than  any  other  cau.se,  for  there  are  many  boilers  there 
which  have  never  l)ecn  in.spected.  .Many  arc  insured 
and  receive  regular  inspections,  but  there  is  no  as- 
surance that  the  boilers  are  being  kept  in  n  safe  condi- 
tion. 

The  wrecked  Iwiler  was  a  lO-hp.  vertical,  I  1  in.  di- 
ameter by  12  ft.  high,  with  shell  plates  %  in.  thick,  having 
double-riveted  lap-seam  longitudinal  joints.  The  furnace, 
40  in.  diameter  l)y  10  in.  high,  made  of  j'i]-'iu.  sheets,  was 
supported  by  only  two  rows  of  •Yj-in.  stay-bolts.  The  fur- 
nace sheets  collapsed.  Figs.  1  and  2,  the  cau.sc  being  the 
corrosion  of  the  stay-bolts,  which  had  wasted  to  Vi  in. 
at  the  furnace  sheet.  The  safety  valve  was  set  at  40  lb., 
and  just  previous  to  the  explosion  the  gage  showed  30 


lb.  Probably  transporting  the  boiler  broke  some  of  the 
stay-bolts  (it  had  been  moved  lately),  owing  to  their 
greatly  reduced  area,  and  the  furnace  sheet  had  bulged 
gradually,  thus  straining  those  stay-bolts  still  holding. 
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Figs.  1  and  2.     Side  Sheet  of  Furnace 


Bkkic  Wall  Crushed 


The  sudden  release  of  the  water  and  steam  forced  the 
boiler  upward  through  the  roof,  and  it  landed  on  a  wagon 
shed.  That  it  went  up  a  considerable  distance  is  indi- 
cated by  the  l)rokcn  wall  where  it  rested  after  falling. 
Fig.  3,  five  or  si.v  feet  of  which  was  crushed  as  though 
made  of  cardboard. 
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Oue  lesson  from  this  accident  is  tlie  necessitj'  of  hollow 
stay-bolts.  A  leaky  staj'-bolt  can  readily  be  renewed  at  a 
cost  far  less  than  a  new  boiler  and  possibly  a  suit  for  dam- 
ages.   In  the  case  mentioned  above  one  life  was  lost. 

Atlantic  City  has  an  engineers"  license  law,  but  this 
plant  had  managed  to  elude  the  law  and  had  no  licensed 
man  in  charge. 

R.  ^Y.  l^OBixsox. 

Germantown,  Penn. 

W. 

of  Sssasilll  AsatSaracit®  Co^I 

There  were  two  errors  in  my  article  under  tlie  above 
caption  in  the  Sept.  23  issue. 

The  first  occurred  in  Fig.  2,  in  which  the  marginal 
line  read  "B.t.u.  per  thousand  pounds  dry  coal"  instead 


1    1                                                                                                 '    1    1 

12 

~>~Li                                                                   1  1 

1     1     ^--  ^                                                              1 

k 

"^r^    '            ^ — ^^-^ 

-^ 

,!,,.::  1   ! 

u 

1    1    ■  "^~-^ 

2?i' 

1  1 

^11 

i    1                     ~-~~,                     ~~~ 

:  <&/„. 

n" 

M  1  i  '  ■  1     •--.           1  i>~^ 

T  _. 

^ 

1  1 

^]>-^ 

[  1    1 

1 

1                   '^ 

^.  • 

~~--<. 

g.10 

1                      ,     ,             ,        ; 

^ 

^ 

~ 

^ 

, 

b 

^ 

. 

1 

s 

.^ 

■n  ^ 

k 

c 

\ 

'^ 

- 

s 

08 

\ 

., 

1 

14     15      16     n      18     19      ZO      21      ZZ    25     24     25     26     27     28     29    30 
Per  Cent.  Ash  in  Dry  Coal  PcMtR 

Repkoduc'Tiox  of  Mi:.  Piiilo's  Fig.  2. 

of  "thousands  B.t.u.  per  pound  dry  coal,"  as  submitted 
with  the  chart. 

I  made  the  second  error  in  the  formula  for  loss  of  com- 
bustible in  copying  from  my  notes.  The  formula  should 
read : 

Per  cent,  total  cumhustihle  lost  = 

{per  cent,  aah  in  dry  coal)  X  {per  cent.  comlnislilAe  in 

dry  refuse) 

(100  —  per  cent,  ash  in  dry  coal)  X  (100  —  per  cent. 

combustible  in  dry  refuse) 

FliAXK    G.    PlIILO. 

Xcw  York  City. 

Recovery  ©f  G®.s°IE.Ea^Sira©  Wsisfte 

In  the  Oct.  6  issue  appeared  an  article  on  the  "Recov- 
ery of  Gas-Engine  Waste  Heat."  The  writer  some 
time  ago  secured  a  patent  on  the  same  system  for  gen- 
erating steam,  but  at  less  than  atmospheric  pressure.  In 
a  small  engine,  with  thin  cylinder  walls,  using  natural  gas, 
it  is  possible  to  reach  high  temperatures  without  pre- 
mature ignition,  but  in  engines  with  thick  walls  and  iis- 
ing  gasoline,  illuminating  or  producer  gas,  the  tempera- 
tures have  to  be  kept  down,  and  in  vacuum  heating  sys- 
tems temperatures  below  210°  are  desired.  The  outfit 
consists  of  a  small  centrifugal  pump  circulating  water 
through  the  jackets  and  a  closed  tank  higher  than  the  en- 
gine in  which  steam  is  generated.     Gravity  makes  the 


pressure  in  tlie  jackets  so  high  that  no  steam  is  gener- 
ateil  there. 

The  Westinghouse  ilachiue  Co.  ran  .-;onie  tests  on  such 
an  outfit  with  the  following  results : 

24.9  per  cent,  converted  into  work. 

35.1  jDer  cent,  obtained  from  the  jackets. 

23.8  per  cent,  obtained  from  the  e.xhaust  in  a  form 
suitable  for  heating.  The  engine  was  200  li]i.  and  used 
10. fi  en. ft.  of  natural  gas  per  hour,  having  a  heat  value 
of  !){!()  B.t.u.  j)cr  cii.rt. 

E.  S.  ilcCLELL.VXD, 

Engineer  (Jas  Engine  and  Producer  Dept., 

Westingliouse  Machine  Co. 
East  Pittslmrgli.  Penn. 


A\"here  bearings  are  water-jacketed  and  in  cylinder 
jackets  where  it  is  necessary  to  use  cooling  water  carrying 
a  large  amount  of  .scale-forming  matter,  the  water  should 
not  be  shut  oft'  too  soon  after  the  machine  has  been 
stopped. 

Water  left  in  the  coils  or  jac-ket  will  soon  reach  a  tem- 
jjerature  at  which  it  will  give  up  lime  or  sc-ale-forming 
solids;  during  the  period  of  operation  the  temperature 
of  discharge  water  is  usually  below  this  point.  It  can 
be  readily  seen  that  a  machine  operating  intermittently 
could  have  its  cooling  coils  scaled  up  worse  than  one 
operating  continuously.  In  some  localities  the  well  or 
spring  water  will  begin  to  precipitate  as  low  as  106  deg. 
F.  Trappe<l  jacket  water  may  reach  a  temperature  of  150 
deg.  F.  in  a  few  minutes  after  stopping  the  flow. 

JoHX  F.  Hun.sT. 

Louisville.  Kv. 


A  second-hand  75-kw.  motor  was  overhauled  and  set 
up  to  run  as  a  generator.  After  starting,  it  was  found 
tliat  oil  was  flying  from  the  shaft  into  the  armature 
wiiuling. 


Sectiox  through  Bearixg  Showing  How  Oil 
Le.vked  Out 

The  construction  of  the  bearing  was  as  shown  in  the 
sketch,  and  it  was  a  puzzle  to  know  how  the  oil  got  by  tlic 
oil  guard  A.    The  cap  was  remoyed  and  an  examinatii-n 
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made.  Everj'thing  was  apparently  as  it  should  be,  but  on 
starting  again  the  same  condition  prevailed.  The  cap 
was  again  removed,  the  oil  wiped  from  the  shaft  and  the 
armature  turned  over  by  hand.  A  small  trace  of  oil  showed 
faintly  on  the  shaft  outside  the  groove  A.  It  finally  de- 
veloped that  the  clearance  between  the  shaft  and  the  bear- 
ing shell  was  so  small  that  the  oil,  running  down  from 
the  top  half  of  the  shell,  found  its  way  along  the  edge  B, 
and  was  picked  up  by  the  shaft  and  thrown  out.  The 
bearing  pedestal  was  taken  off  and  the  shell  cut  down 
slightly  and  beveled  inward  to  a  feather  edge.  After 
assembling  again  and  starting,  the  oil  remained  in  the 
bearing. 

Eael   Pagett. 
Coffeyville,  Kan. 

L,®&.U.^  ClkecM  Vall^@ 

A  laundry  boiler  was  fed  from  the  city  main  as  the 
pressure  in  the  mains  was  usually  25  lb.  above  that  in  the 
boiler.  One  day  the  fireman  noticed  the  water  gradually 
disappearing  from  the  glass  gage,  and  the  wider  the  valve 
was  opened  the  more  ra]iidly  the  water  went  down. 

The  plant  was  shiit  down  and  the  fires  pulled.  The 
feed  valve  having  been  left  open,  the  water  came  back  in 
the  glass  at  60-lb.  steam  pressure.  It  was  learned  that 
the  street  pressure  had  been  reduced  and  that  the  pressure 
in  the  boiler  had  forced  the  water  out  into  the  street 
main  because  the  check  valve  leaked. 

Edward  T.  Bixns. 

Philadelphia,  Pcnn. 

W. 

Lap)  ©f  Qfliftllhi  Seatnms  ©f  Stleell 


It  is  sometimes  questioned  whether  the  girth  .seams  of 
a  steel  stack  should  be  nuide  with  the  upper  sliect  lapping 
over  the  lower  like  Fig.  1  or  with  tlie  upper  sheet  inside 
of  the  lower  as  in  Fig.  2.    The  disadvantage  claimed  for 


FIG  I  fl&2 

Mkthods  ok  Lai'pino  UiitTii  Skam.s  of  Stickl 

the  construction  like  Fig.  1  is  that  soot  and  ashes  lodg- 
ing on  the  edge  A  find  their  way  tlirough  crevices  in  the 
joint  and  are  waslied  down  the  outside  by  rain,  causing 
the  paint  to  be  removed  and  the  stack  to  rust  from  the 
outside.  This  is  likely  to  occur  with  stacks  made  of  ma- 
terial too  thin  to  be  calked.  On  the  otlier  liaiid,  a  stack 
made  with  joints  like  that  8ho\vn  in  Fig.  2  is  more  likely 


to  become  rusted  out  at  the  girth  joints  by  rain  water  en- 
tering at  B. 

Several  years  ago  we  had  a  stack  made  where  each 
course  entered  the  course  below  it  h'ke  Fig.  2,  and  we  got 
longer  service  out  of  this  stack  than  the  one  which  it  re- 
placed, wliich  had  joints  made  by  lapping  the  upper  over 
the  lower  courses  like  Fig.  1. 

Later,  we  installed  a  new  boiler  with  a  new  steel  stack 
made  as  in  Fig.  2  and  got  only  about  two  years'  service 
out  of  it,  though  it  should  be  stated  tliat  we  used  steam 
jets  for  smoke  consuming  under  this  boiler.  This  may 
have  had  something  to  do  with  its  short  life. 

I  believe  the  main  thing  in  a  steel  stack  is  to  get  good 
material  and  have  the  joints  made  tight  and  the  stack 
painted  often.  The  rust  and  soot  gathered  at  the  joints 
should  be  cleaned  off  frequently,  otherwise  painting  will 
be  of  little  purpose  in  prolonging  the  durability  of  the 
stack. 

H.  A.  Jahnke. 

^Milwaukee,  AYis. 


The  article  entitled,  '"Tests  of  Substitutes  for  Gasoline," 
in  tlie  Oct.  20  issue,  is  worthy  of  commendation,  not  only 
because  it  gives  the  results  of  carefully  made  tests  in  an 
almost  virgin  field,  but  also  because  the  subject  is  of  com- 
mercial importance.  The  wide  sale  of  agricultural  en- 
gines and  tractors  adapted  to  the  use  of  kerosene  instead 
of  the  more  expensive  gasoline  is  the  best  possible  proof 
of  the  demand  for  such  machines,  and  an}i:hiug  which 
throws  light  on  the  problems  involved  in  the  use  of  kero- 
sene is  worth  while. 

In  a  footnote  on  the  first  page,  the  following  statement 
is  made:  "Natural  gas  contains  some  methane  (CHj), 
pentane  (CsHi^),  liexane  (C0H14),  etc.,  all  of  which  are 
liquid  at  ordinary  temperatures  after  they  have  been  re- 
moved from  the  gas."  Part  of  this  statement  is  errone- 
ous. 

It  is  true  that  natural  gas  contains  methane,  propane 
and  hexanc.  Metliane  often  forms  96  per  cent,  or  more 
of  the  mixture  connnonly  called  natural  gas;  on  the 
other  hand,  pentane  and  hexane  occur  only  as  traces  in 
most  natural  gas  and  in  slightly  larger  quantities  in  the 
varieties  of  gas  drawn  from  oil  wells.  It  is  not  true  that 
methane  is  liquid  at  ordinary  temperatures  after  being 
removed  from  the  gas. 

The  critical  temperature  of  methane  is  — 95.5  deg.  C. 
( — i;J9.9  deg.  F.).  Pecalling  that  the  critical  tempera- 
ture is  that  above  wliich  a  gas  cannot  be  liquefied,  it  is 
obvious  that  metliane  could  not  possibly  exist  as  a  liquid 
at  ordinary  temperatures  even  under  the  highest  pres- 
sures. Furthermore,  methane  boils  under  atmospheric 
pressure  at  a  temperature  of  — 164  deg.  C.  ( — 263.3  deg. 
F.),  so  that  if  it  existed  in  liquid  form  under  atmospheric 
pressure,  it  would  boil  away  completely  at  more  than  300 
deg.  F.  below  ordinary  temperatures. 

With  pentane  and  hexane,  the  case  is  different.  The 
critical  temjierature  of  pentane  is  +191.8  deg.  C.  (382.64 
deg.  F.) ;  that  of  hexane  is  +250.3  deg.  C.  (482.54  deg. 
F. ).  Obviously,  both  of  these  materials  could  e.xist  as 
liquids  at  ordinary  temperatures  because  such  tempera- 
tures arc  well  below  the  respective  critical  values.  The 
reepcetive  boiling  temperatures  at  atmospheric  pressure 
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are  3C.2  deg.  C.  (97  deg.  F.)  and  69  deg.  C.  (156.2  deg. 
P.).  From  these  values  it  is  evident  that  pentaue  can  ex- 
ist as  a  liquid  exposed  to  the  atmosphere  at  moderate  tem- 
peratures, but  that  it  would  boil  away  on  a  hot  day ;  while 
hexaue  is  a  more  stable  liquid  and  higldy  volatile,  it 
would  not  boil  at  any  natural  temperature.  As  a  matter 
of  fact,  hexane  is  just  about  as  volatile  as  the  very  highest 
grades  of  gasoline,  while  pentaue  is  too  volatile  to  bo 
handled  in  liquid  form  excepting  under  the  most  un- 
natural conditions. 

All  of  the  members  of  the  paraffiu  series,  to  which  me- 
thane, pentane  and  hexane  belong,  are  nmtually  soluble. 
Therefore,  it  is  probable  that  small  quantities  of  methane 
would  be  held  in  solution  in  any  liquefied  hexane  pro- 
cured from  natural  gas,  in  just  the  same  way  as  many 
gases  are  held  in  solution  in  water  and  similar  liquids. 
This  might  be  regarded  as  liquefaction,  but  it  is  not  the 
sort  commonly  meant  by  the  expression  "liquid  at  ordi- 
nary temperatures." 

In  the  article  under  discussion,  the  manufacture  of 
gasoline  by  the  cracking  process  is  briefly  discussed.  It 
might  be  well  to  note  that  gasoline  made  in  tliis  way  is 
very  different  from  that  made  by  the  process  of  fractional 
distillation,  ilost  tests  applied  to  gasoline  are  of  a  physi- 
cal nature  and  generally  consist  of  a  determination  of  the 
gravity  and  the  making  of  a  fractional  distillation.  Both 
kinds  of  gasoline  can  be  m-ide  to  appear  identical  under 
these  tests,  but  chemically  they  are  very  different. 

Gasoline  obtained  by  the  fractional  distillation  of  a  par- 
affin-base oil  consists  almost  entirely  of  members  of  the  pai'- 
affin  series.  Gasoline  obtained  by  cracking  heavier  paraffins 
consists  of  a  mixture  of  paraffins,  or  saturated  hydrocar- 
bons, with  unsaturated  and  with  ring  hydrocarbons.  The 
chemical  properties  are  therefore  different,  and  siuce 
combustion  phenomena  depend  on  chemical  properties, 
the  characteristics  in  this  respect  are  also  different. 

Little  experimental  work  has  been  done  along  these 
lines  in  the  case  of  gasoline,  but  kerosenes  made  by  crack- 
ing have  been  carefully  compared  with  those  made  by  frac- 
tional distillation  and  different  properties  have  been  ob- 
served. Cracked  kerosenes  exhibit  a  greater  tendency  to 
burn  with  a  smokj'  flame  and  to  deposit  carbon  than  do  un- 
craeked  -kerosenes.  They  also  form  more  evil-smelling 
compounds  during  the  combustion  process  and,  in  general, 
act  like  a  less  pure  and  less  tractal)le  material.  It  is 
probable  that  differences  of  the  same  kind,  though  possibly 
not  of  the  same  extent,  also  exist  between  gasolines  made 
by  the  two  processes.  If  this  be  true,  cracked  gasoline 
should  behave  somewhat  like  kerosene  in  an  engine  cyl- 
inder and  many  claim  that  cracked  gasolines  cause  more 
rapid  and  more  plentiful  deposition  of  carbon  in  cylinders 
than  do  fractionally  distilled  gasolines. 

The  engine  used  in  making  the  tests  clescribed  in 
Professor  iloyer's  article  was  governed  by  the  hit-and- 
miss  method.  By  far  the  greater  number  of  small  engines 
in  use  are  governed  in  this  way,  and  the  demonstration 
that  kerosene  can  be  successfully  used  in  such  engines  is 
important.  On  the  other  hand,  attention  should  be  called 
to  the  fact  that  kerosene-burning  engines  should,  when 
possible,  be  governed  by  throttling. 

Hit-and-miss  governing  causes  great  fluctuations  in 
cylinder-wall  temperatures  and  in  the  proportions  of  the 
mixture,  as  has  been  demonstrated  by  means  of  thermo- 
couples and  indicator  diagrams.  It  so  happens  that  an 
engine  using  gasoline  can  operate  satisfactorily  despite 


such  erratic  variations:  the  case  is  very  different  witii 
kerosene. 

The  performance  of  an  engine  on  kerosene  may  be 
described  as  inelastic  in  comparison  with  its  performance 
on  gasoline.  It  can  be  made  to  operate,  but  it  is  far  more 
sensitive  to  small  misadjustments.  A  slightly  cooled 
wall  causes  the  deposition  of  liquid  kerosene.  A  slightly 
cooled  mixture  prevents  the  completion  of  vaporization 
and  leaves  some  of  the  kerosene  suspended  in  the  clearance 
space  in  the  form  of  an  incombustible  fog.  A  slight 
ovei'dose  of  kerosene  innnediately  causes  signs  of  trouble, 
while  a  gasoline  engine  can  be  operated  for  hours  with 
50  ])er  cent,  excess  of  gasoline  without  displaying  any 
marked  symptoms. 

Since  throttle  governing  tends  toward  gradual  changes 
and  therefore  more  .steady  conditions,  it  is  possible  to 
obtain  better  operating  results  with  kerosene  when  this 
method  is  used.  This  is  particularly  true  when  the  water 
injection  is  put  under  the  control  of  the  governor.  With 
a  throttle-governed  engine,  water  injection  is  not  ordi- 
narily required  at  a  load  below  40  to  50  per  cent,  of  rat- 
ing, though  very  small  quantities  may  be  injected  advan- 
tageously at  the  lower  loads.  As  the  load  increases  above 
50  per  cent.,  more  and  more  water  is  required,  until  at 
maximum  capacity  a  volume  of  water  anywhere  between 
5;  and  100  per  cent,  yf  the  volume  of  the  fuel  is  used. 

Compare  such  operation  with  that  of  the  engine  used  in 
the  tests.  The  water  was  injected  through  a  hand-con- 
trolled needle  valve  and  must  of  necessity  have  been  the 
sanij  in  quantity  immediately  after  a  missed  cycle  as  after 
several  hits.  It  is  obvious  that  a  cylinder  already  cooled 
by  several  misses  does  not  require  further  cooling  by 
water  injection.  As  a  matter  of  fact,  it  is  possible,  though 
not  probable,  that  the  engine  under  test  was  so  operated 
that  water  was  even  admitted  during  missed  cycles. 
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Fig.  1.     Assumed  Fuel-Rate  Cuuve  kou  Thkottle- 
governed  exgixe 

In  view  of  this,  the  curves  and  data  given  by  Professor 
Meyer  should  be  regarded  only  as  applying  to  an  engine 
01  the  type  tested  when  operating  under  similar  condi- 
tions, and  the  conclusions  drawn  should  not  be  general- 
ized and  applied  to  all  forms  of  kerosene-burning  engines 
with  water  injection. 

It  is  probable  that  a  throttle-governed  engine  operating 
on  kerosene  will  give  ai)out  the  same  thermal  efficiency  at 
light  loads  as  did  the  hit-and-miss  governed  engine  in 
these  tests  when  operating  at  corresponding  loads.  This 
is  not  theoretically  correct,  but  practice  is  at  variance 
with  the  simpler  theory  in  this  regard.  It  may  be  assumed 
further  that  at  maximum  load  the  throttle-governed  en- 
gine with  water  injection  is  practically  the  equivalent 
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vi  the  hit-and-miss  governed  engine  with  water  injection. 
With  these  assumptions,  the  fuel-rate  curve  of  a  throttle- 
governed  engine  can  be  approximated  from  the  data  given 
by  Professor  Moyer.  Such  a  curve  is  shown  dotted  in  Fig. 
1.  the  full  lines  representing  the  curves  of  Fig.  1  in  the 
original  article.  It  will  be  observed  that  this  new  curve 
is  almost  a  straight  line  coinciding  at  light  loads  with  that 
of  a  hit-and-miss  engine  without  water  injection  and  at 
heavy  loads  with  that  of  a  hit-and-miss  engine  with  water 
injection. 
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Fig.  2.  Ciiauacteristic  Fiel-Ii.vte 
Curve 

Tiie  duiracteristic  fuel-rate  curve  of  an  internal-com- 
bustion engine  is  similar  to  that  .shown  in  Fig.  2,  which 
is  a  reproduction  of  that  in  the  original  article.  This 
cliaracteristic  curve  is  markedly  convex  and  is  very  differ- 
ent in  shai)e  from  that  shown  dotted  in  Fig.  1  as  the  prob- 
al)le  cur\'e  of  a  throttle-governed  engine  with  properly  con- 
trolled wyter  injection.  The  straightness  of  the  proposed 
curve  i>  explained  by  the  fact  that  water  injection  raises 
tbe  consumption  per  brake  horsepower  at  the  higher  loads 
in  the  .same  way  as  occurred  at  all  loads  in  the  tests  re- 
corded. It  .-should  be  noted  at  this  point  that  one  of  the 
numerous  functions  of  injected  water  is  the  cooling  of  the 
<barge  in  a  way  and  at  a  speed  which  it  is  impossible  for 
jacket  water  to  imitate.  It  should  also  lie  noted  that 
the  internal  surfaces  of  the  engine  cylinder  should  be  op- 
erated at  tlie  highest  feasible  tem])erature  when  using 
kero.sene.  in  onler  to  prevent  the  deposition  of  liquid  kero- 
sene on  those  surfaces.  These  oliservatious  point  to  the 
possibility  and  tbe  desirability  of  operating  engines  of  this 
type  with  liigher  jacket  temperatures  than  is  customary 
with  ga.solinc  engines,  particularly  at  high  loads  wlien  the 
■quantity  of  water  injected  is  great.  Such  operation  would 
decrease  tlic  quantity  of  heat  lost  to  the  jacket  a)id  would 
probably  decrease  the  fuel  consumption  per  unit  at  liigli 
loads.  This  would,  in  turn,  make  the  fuel-rate  curve  a])- 
proach  nearer  to  the  characteristic  sliape  previously  men- 
tioned. 

It  i.-  hoped  that  these  tests  may  be  continued  and  ex- 
tended to  cover  other  sizes  and  types  of  engines.  It  is 
.suggested  that  tlie  use  of  heated  air  might  also  be  (;om- 
pared  with  tbe  use  of  a  heated  carburetor  as  used  in  these 
te.sts  and  that  tbe  injection  of  water  into  the  suction  pipe 
might  be  rumpared  with  injection  of  water  directly 
througli  the  wall  of  the  cylinder.  It  would  also  be  well 
to  investigate  the  effect  of  the  temperature  of  the  water  in- 
jected, as  there  is  a  wide  range  of  temperatures  avail- 
ai)le  in  any  operating  engine.  The  writer  has  always  be- 
lieved that  the  higher  the  temperature  of  tbe  water,  tli" 
better.  In  fact,  it  seems  reasonable  to  believe  tbat  tbe 
injection  of  <tcaiii  would  give  even  l)etter  results  tban  tb^- 
injection  of  bot  water. 

C.    F.    Illlislll-Klj). 

I)etv..it.   Micli. 


Iicfcri-jng  til  the  (iiicry  li-dui  ■•\\'.  V.  L."  in  tlie  Aug.  I 
issue,  regarding  spacing  of  holes  on  a  circle  by  the  use  of 
dividers,  I  wish  to  call  attention  to  the  spacing  tables 
given  on  pages  67,  68  and  69  of  Machinery's  Handbook. 
For  the  example  given  of  nine  holes  in  an  18-in.  bolt  cir- 
cle, on  page  69,  we  find  for  a  9-in.  circle  and  nine  divi- 
sions a  chord  length  of  3.078  in.,  or  for  the  18-in.  circle 
the  setting  woidd  be 

3.078   X   2  =   6.156  ill. 
This  value  can  readily  be  checked  from  the  value  of  the 
sine  of  half  the  arc.     With  nine  holes  the  arc  between 
holes  will  be 

The  sine  of  (^  =)  20  deg.  is  0.343.  ITeuce  the  chord 
for  an  arc  of  40  deg.  on  a  circle  of  unit  radius  will  be 
0.684  and  for  one  of  9-in.  radius 

0.684   X   ^  =   6.1.56. 

O.   W.    Pai:k. 

West  Allis,  Wis. 

[This  is  interesting  as  a  mathematical  method,  bul 
the  one  given  on  the  '"Inquiries  of  General  Interest" 
jjage  is  more  practical,  requiring  no  handbooks  or  tables. 
Dividers  cannot  be  set  directly  at  exactly  6.136  in.,  so  it 
would  be  a  case  of  "cut-and-try"  anyway,  and  a  drafts- 
man would  have  the  triik  done  graphically  while  one  was 
looking  up  a  table  in  a  book. — Editou.] 


All  who  liu\e  tried  know  how  bard  it  is  to  get  close 
damper  adjustment  with  any  hand  regulator  employing 
a  system  of  notches  into  which  the  damper  cable  or  wir( 
is  hooked  bv  a  catch. 


.\i).risTi:ii  KOI!  II  \Nii-()i'i;ii  villi  DvNtPKi! 

1  i-eceiitly  iiislalleil  ill  my  ]ilant  a  device,  the  jirinci 
jjle  of  which  I  took  from  the  carbon  clutch  in  the  ordin- 
ary arc  lam]).  It  is  simple  in  construction,  easy  anil 
sure  in  its  operation  ami  can  be  adjusted  to  give  any 
desired  reading  of  the  ili;ill  gai;e. 
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The  necessary  things  are  a  piece  of  %-  or  i/^-in.  pipe, 
an  old  rubber  pump  valve  four  or  five  inches  in  diameter 
and  about  %  in.  thick,  with  a  hole  at  the  center  some- 
wliat  larger  than  the  outside  diameter  of  the  pipe,  a 
couple  of  pieces  of  wood,  a  pair  of  pipe  straps  and  a  few 
small  screws. 

The  accompanying  sketches  show  how  the  parts  are 
assembled. 

W.  G.  Greexlees. 

El  Canipo,  Texas. 

BeB^t  IRodls  Measured  ^j^atlh  Wi^e 

1  had  an  accident  recently  with  a  Buckeye  engine  of 
■^00  hp.  The  nuts  came  off  the  rods  on  the  inside  of 
I  he  main  steam  valve,  and  the  rider  valve  was  left  to 
act  at  its  own  option.     It  did  not  act  very  well,  shutting 
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?fuTs  Cajie  Off  Loxg  Rods 

the  engine  down  with  80  lb.  of  steam  pressure  on.  These 
lods  were  bent  so  that  it  was  difficult  to  remove  them 
and  to  get  their  exact  length.  I  bent  some  wire  solder, 
which  is  flexible,  to  follow  the  shape  of  the  bent  rods,  and 
in  that  way  got  the  proper  length  of  the  rods. 

William  Burley. 
Xeuia.  Ohio. 

'^. 

M.epiaiiriia^   Cosmsiffitistatoff'S 

Having  lately  noticed  in  I'owEi!  a  nicthud  of  repairing 
iioles  in  commutators  by  filling  them  with  paste,  I  shall 
ilescribe  a  method  used  with  good  results  on  600-volt  rail- 
way converters,  which  are  at  times  heavily  overloaded. 

Wliere  the  hole  is  at  the  front  end  of  the  commutator, 
take  a  hacksaw  blade  the  thickness  of  the  mica  and  saw 
down  between  the  bars,  being  careful  to  saw  straight,  until 
the  burned  mica  is  cleaned  out  and  the  bottom  of  the  cut 
is  free.  Now  take  some  sheet  mica  of  sufficient  thickness 
to  pre.';s  it  in  with  the  fingers  and  fit  as  tightly  as  possible 
without  buckling.  Be  sure  that  the  edge  of  this  patch  is 
straight.  Having  fitted  the  patch  in  the  cut,  remove  it 
and  coat  it,  as  well  as  the  inside  of  the  slot,  with  shellac. 

Now  press  the  patch  in  firmly  and,  with  a  screwdriver 
and  tack  hanmier,  gently  calk  the  bars  on  each  sjde  of 
the  patch,  and  on  top  at  the  end  of  the  bar,  but  not  quite 
to  the  ends  of  the  patch.  Cut  off  the  patch  by  cutting 
sideways  with  a  sharp  knife  and  smooth  with  sandpaper. 
The  main  thing  is  to  get  a  good  fit  at  the  bottom;  if 
this  is  not  done,  the  current  will  jump  through  and  again 
burn  out  the  mica.  With  a  good  joint  at  the  bottom,  the 
calking  will  hold  the  patch  in  place  and  the  job  will  last 
indefinitely.  I  have  some  commutators  repaired  in  this 
way  that  have  been  running  three  years. 


Trouble  can  often  be  prevented  by  rounding  the  corners 
of  the  bars  to  a  radius  of  about  %  in.,  as  a  square  corner 
leaves  a  sharp  point  and  invites  the  current  to  jump  across. 

H.  W.  GiNAVEX. 

Springfield,  Ohio. 


Tbivc  separately  excited,  two-phase,  230-volt,  alternat- 
ing-current generators  of  different  sizes  and  speeds  were 
couuei'ted  to  a  switchboard  with  two  sets  of  busbars  and 
a  number  of  double-throw  switches.  No.  1  generator  leads 
connected  to  one  set  of  busbars  and  led  to  one  side  of 
the  switch  contacts.  No.  2  leads  connected  to  the  other 
set  of  the  busbars  and  supplied  current  for  the  other  side 
of  the  switch  contacts.  The  power  lines  were  connected 
to  tlie  middle  contacts.  The  leads  from  No.  3  generator 
were  connected  to  the  middle  contacts  of  a  double-throw 
-switch  and  could  be  made  to  supply  either  set  of  busbars. 
It  is  evident  that  only  two  generators  could  be  in  use  at 
one  time. 

One  evening  on  starting  No.  3  machine  no  current 
could  be  generated.  After  thoroughly  looking  it  over  and 
finding  nothing  wrong  we  came  to  the  conclusion  that 
the  day  engineer  had  been  operating  No.  3  on  No.  2  side 
while  No.  2  was  down,  and  in  starting  the  latter  forgot 
to  change  the  control  switch  for  No.  3  to  the  other  side 
(No.  1  being  down)  before  the  current  had  passed 
through  No.  3.  We  therefore  reversed  the  field  leads 
on  No.  3  and  started  iip,  and  it  generated  immediately. 
The  engine  was  stopped,  the  leads  connected  in  correctly 
and  we  had  no  further  trouble. 

Herbert  Holroyd. 

Philadelphia,  Penn. 

When  I  took  charge  of  this  plant  one  of  the  blowoff 
lines  leaked.  Fortunately,  it  occurred  near  the  end  of 
the  week,  and  a  clamp  and  a  piece  of  sheet  packing  held 
it  until  Saturday  afternoon,  when  the  boilers  were  emp- 
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tied.  The  following  day  I  replaced  this  line,  as  shown 
in  Fig.  1,  dispensing  with  the  short  nipples  and  permit- 
ting of  an  easier  flow  of  water  from  the  boilers. 

Fig.  2  shows  the  old  line  with  short  rigid  connections. 
Frederick  L.  Johnsox. 

Paterson,  N.  J. 
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Teinperatnre   of   Feed   AVater 

Can  water  be   fed   into  a  boiler 
a  temperature  greate 


.votli   Double-Tube   Injector 

Li  lioiler  with  a  double-tube  injector 
tlian   212  deg.   F.? 

S.   C. 


Double-tube  injectors  are  made  for  locomotive  service, 
which  are  adapted  to  feeding  against  200-lb.  boiler  pressure, 
and  by  reducing  the  water  supply  the  temperature  of  the 
feed   can   be   raised   above    212   deg.   P. 


I'itcii  of  a  Gear  Wheel — What  is  meant  by  the  term  "pitch" 
I-   applied  to  gear  wheels? 

L.  A.  M. 
The  term  refers  to  the  spacing  of  the  teeth.  Circular  pitch 
IS  the  distance  from  the  edge  of  one  tooth  to  the  correspond- 
ing edge  of  the  next  tooth,  measured  along  the  pitch  circle. 
Diametral  pitch'  is  the  number  of  teeth  to  each  inch  of 
diameter  of  the  pitch  circle,  therefore  circular  pitch  = 
3.1416  -^  diametral  pitch,  or  diametral  pitch  =  3.1416  -=-  cir- 
cular pitch. 


Relative  AVater  Level  in  Conneeted  Boilers — Where  two  or 
more  boilers  discharge  their  steam  into  the  same  header,  is 
it  practicable  to  maintain  the  same  or  a  relatively  uniform 
water  level  in  the  boilers  by  connecting  together  their  blow- 
offs  and  feeding   into  one   boiler? 

H.  B. 

For  discharge  of  water  to  take  place  from  one  boiler  to 
another  through  connected  blowoffs  or  a  similar  connection, 
there  must  be  enough  difference  of  water  level  to  equal  the 
head  required  for  the  velocity  of  the  flow  and  for  overcoming 
the  friction.  Therefore,  when  the  boilers  are  steaming,  the 
same  level  of  water  in  the  different  boilers  could  not  be 
maintained  by  feeding  one  boiler  and  connecting  together  the 
blowoffs  of  the   boilers. 


Impurities  in  Feed  \V:iter — What  are  the  principal  scale- 
forming  impurities  in  feed  waters,  and  what  are  the  temper- 
atures at    which    they   are    thrown    down   by   heat? 

F.  W.  G. 

Tile  impurities  most  commonly  present  which  form  boiler 
scale  are  calcium  carbonate  (CaCOj),  magnesium  carbonate 
(MgCO,i),  calcium  sulphate  (CaSO,)  and  magnesium  sulphate 
(MgSOi).  The  carbonates  begin  to  deposit  v/hen  the  water 
Is  heated  to  about  ISO  deg.  F.,  and  by  the  time  it  has  reached 
212  deg.  F.  the  greater  part  of  the  carbonates  will  be  de- 
posited, and  all  the  carbonates  will  be  deposited  when  the 
water  has  attained  a  temperature  of  about  290  deg.  F.,  which 
is  the  temjjerature  of  evaporation  of  water  under  a  gage 
pressure  of  about  43  lb.  per  sq.in.  The  sulphates  remain 
in  solution  until  a  temperature  of  about  300  deg.  F.  (52.3  lb. 
gage  pressure)  is  reached,  when  they  become  insoluble  and 
settle. 

Boiler  Kffioieney  vs.  KWelenev  of  Boiler  and  Grate — What 
iK  the  difference  between  "cfticiency  of  the  boiler"  and  "effi- 
ciency of  the  boiler  and  grate?" 

H.  B.  G. 

(1)  Efficiency  of  the  boiler    = 

Heat   absorbed    per   pound  of  combustible 

Calorific    value    of    1    lb.    of    combustible 
being   the   ratio  of  the  heat  absorbed   In   generation  of  steam 
to   the   heat   contained    in    the    combustible   that   was   actually 
burned,  irrespective  of  how   much   may  have  dropped  through 
the   grate. 

(2)  Efficiency  of  boiler  and   grate    = 

Heat   absorbed    iier   pound   of   coal 


Calorific  value  of  1  lb.  of  coal 
being   the   ratio   of   the   heat   absorbed   in   generation  of  steam 
to  the  heat  contained  in   the  coal   used. 

The  first  Is  the  one  understood  when  the  words  "boiler 
eMlclency"  are  used  wUhout  iiualiflcatlon,  and  Is  of  value  In 
comparing  relative  performances  of  boilers  apart  from  the 
particular  kind  of  grate  used:  the  second  Is  of  value  In  com- 
paring performances  of  different  kinds  of  fuels,  grates,  etc., 
used    with    the   same    boiler. 


to  raise  the  temperature  of  25,000  cu.ft.  of  air  from  15  deg.  F. 
to  120  deg.  F.? 

P.  H.  M. 
In  condensing,  the  steam  would  liberate  its  latent  heat  ot 
evaporation,  viz.:  970.4  B.t.u.  per  lb.  of  steam  condensed.  A 
cubic  foot  of  air  at  15  deg.  F.  weighs  0.OS3G  lb.,  and  the  heat 
required  to  raise  a  pound  of  air  1  deg.  F.,  i.e.,  its  specific 
heat,  is  0.2377  B.t.u.  As  25,000  cu.ft.  of  air  at  15  deg.  F. 
would   weigh 

25,000  X   0.0S36    =    2090  lb. 
and    each   pound   of  air  raised    from    15    deg.    F.   to   120   deg.   P. 
would  require  0.2377  B.t.u.  X   (120  —  15)    —   24.95S5  B.t.u.,  then 
the    total    heat    required    would    be 

20?0  lb.  of  air  X  24.9585  B.t.u.  per  lb.    =    52,163.265  B.t.u. 
requiring   the  condensation  of 
52,163.265 

=    53.75    lb.    of   steam. 

970.4 


Si/.e.s  ol'  Ports  and  Pipes — What  is  the  rule  for  the  area 
of  jjort.«  and  pipes  of  high-speed  engines  with  strokes  1  to 
1'-  times  the  diameter  of  cylinder  and  speeds  of  200  to  300 
r.p.ni.  ? 

J.  W.    W. 
The   same   size   of   ports   would   be   used   for   steam   as   for 
exhnust.      The    area    of    steam    pipes   and    ports    would    be    ex- 
pressed  by   the   formula 

AV 

'^  ^    C 
in  which 

a    =  Area  of  pipe  or  port  in  square  inches: 
.V  =  Area   of   piston   in   square   inches: 
V  =  Mean  piston  speed  in  feet  per  minute: 
C    —  Mean  velocity  of  the  steam  through   the  port  or  pipe 
in   feet  per  minute. 
For    ordinary    piston    speeds    of    about    600    ft.    per   min.,    C, 
in   a   formula  for   ports,   may  be  taken   as  about    5500,  hence 
A  X  600 

a  =  =  0.109  A 

5500 
i.e.,  the  area  of  ports  would  be  about  11  per  cent,  of  the  area 
of  the  piston.     Allowing  for  a  mean  velocity  of  steam  in  the 
steam   pipes   of    6500    ft.    per   min.,    the   area   of    pipe    would    be 
A  X  600 

a =  0.0923  A 

6.-,fl0 
so  that  the  diameter  of  the  steam  pipe  would  be  about  0.3  the 
diameter    of    the    cylinder.       For    noncondensing    engines,    th<" 
exhaust  pipes  may  be  about  0.37  the  diameter  of  the  cylinder 


Hteani  Required  for  WnrnilnK  -^'r — How  much  steam  would 
be  rec|uircd  if  supplied  and  condensed  at  atmospheric  pressure. 


Kiiuivalent  Evaporation  from  and  at  212  deg.  F, — A  boiler 
required  500  lb.  of  coal  for  the  evaporation  of  3000  lb.  of 
water  into  steam  at  atmospheric  pressure.  The  feed-water 
temperature  was  160  deg.  F.,  and  the  coal  contained  80  per 
oriit.  yt  combustible.  What  was  the  equivalent  evaporation 
per  pound   of  combustible  from   and  at    212  deg.    F.? 

P.   H.   M. 

The  combustible  used  was  80  per  cent,  of  500,  or  400  lb. 
of  combustible,  and  the  evaporation  under  actual  conditions 
was 

:iOOO  -i-  400  —  7.5  lb.  ot  water  per  pound  of  combustible. 

The  temperature  of  feed  water  being  160  deg.  F.,  each 
pound    of   feed   water   contained 

160  —  32    -    128    B.t.u. 
above    32    deg.    F.,    and    as    a   pound    of    steam    at    atmospherii- 
pressure    contains    1150.4    B.t.u.    above    32    deg.     F.,    then     for 
conversion    Into    steam    at    atmosi)herlc    pressure    each    poumi 
of  feed  water  would  have  to  receive 

1150.4  —  128    =    1022.4   B.t.u. 
The   heat   required   to  evaporate   a   pound    of   water   from   and 
at   212  deg.   F.   or  latent   heat   of  evaporation   at   that   temper- 
ature  Is    970.4    B.t.u.,    therefore    the    factor    of   evaporation    is 
1022.4 

=;      1.0536 

970.4 
hence,  the  e(|uivalent  evaporation  from  .md  at  212  deg.  K.  was 

7.5  X  1.0536   -    7.9  lb. 
of  water  per  pound  of  combustible. 

1  Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  i>ost  ofllce  jiddresses. 
This  Is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and   for   the   lni|nirles   to  receive  attention.  — EDITOU.] 
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stated,  slioiild  amount  to  about  10  per  cent,  of  the  evapor- 
ative capacity  of  the  Iwilers.  In  the  winter,  when  the  heat- 
ino-  system  is  in  nsc,  the  niaxinuun  waste  of  steam  to 
1)0  replaced  by  fresh  water  will  be  the  difference  between 
the  exhaust  from  the  combined  power  and  lighting  en- 
gines antl  that  utilized  for  lieating  and  ventilating.  The 
total  exhaust  of  the  main  nnits  at  this  period  will  be 

(610  X  2i)  +  (158  X  30)  =  19,240  lb. 
per  hour,  which  increased  by  that  used  by  the  pumps  will 
be  approximately  30,000  lb.  The  amount  utilized  for 
heating  and  ventilating  in  zci-o  weather  was  found  to' 
be  ri.'iiti  lb.  per  hr.,  whicli  will,  of  course,  diminish  as 
tlie  outside  temperature  rises.  It  will  be  shown  later  how 
to  determine  accurately  the  ]}oint  at  which  it  will  be  more 
economical  to  run  the  main  engine  condensing  and  heat 
with  live  steam,  but  this  may  be  computed  approximately 
as  follows.  In  changing  from  noncondensing  to  con- 
densing it  was  assumed  that  the  steam  consumption  of 
the  main  engine  will  drop  from  24  to  18  lb.  per  i.hp.-hr.. 
making  a  total  sa\ing  of 

(;:0   X   <>   =    1020  //). 
of  slcaiii  per  hour  from  which  must  be  deduc'ted  ajiprox- 
imatclv 

40    X    18    =    '"-0    II'- 
\\i[-  ]nim|)iiig  tlic  ciiiidriisijig  water   from   the  river,  leav- 
ing a,  net  gain  of 

1020  —   :2()   =   :!:i()n  //;.  jicr  In: 
When  the  steam   rciiniivd    fiM-  beating   purposes  becomes 
less  than  this,  it   will  .'MilcnUy  be  achisable  to  run  con- 
densing and  heat  witb  li\c  steam. 

As  the  steam  reqiiirei!  foi-  lieating  varies  as  the  differ- 
ence between  the  inside  and  outside  temperatures,  it  will 
be  diminished  for  an  inside  temperature  of  00  deg.,  by 
one-sixth  for  each  10  deg.  rise  in  outside  temperature,  or 
in  the  jiresent  case 

19_.2<)1  ^  n  =  2048  Ih. 
Witb  an  outside  temperature  of  ."JO  deg.  the  steam  require- 
ments for  heating  will  be  ai)|)roximately  2045  lb.  per 
br.:  at  40  deg.,  40i)0  lb.,  and  at  45  deg.,'3067  lb.  It  is 
evident  that  the  economital  i)oiiit  of  changing  from  non- 
roudi^ising  to  conden.sing  will  occur  with  an  outside  tem- 
]ieratur(!  between  40  and  45  deg. 

If  tlie  feed-water  heater  be  made  of  sufficient  .size  to 
heat  the  water  to  replace  the  e.xhaust  wasted  at  45  deg. 
outside  temperature,  it  will  meet  all  requirements.     This' 
is  evidently 

20,000  —  ;10(;;  =  ic..!*.-,:!  II,.  pa-  In: 
or  17,000  lb.  in  round  numl)ers.  Tlie  required  amount 
of  heating  or  tube  surface  dejR'nds  upon  the  initial  teni- 
]ierature  of  the  feed  water,  the  steam  pressure  within  the 
lieater  and  the  velocity  with  wliich  the  water  flows  throng^ 
the  tubes.  With  exh.-inst  steam  from  noncondensing  eiU 
gines,  it  is  custonuuy  to  alloM"  about  one  square  foci 
of  heating  surface  for  each  90  lb.  of  water  passed  through 
the  heater  per  hour.  When  exhaust  from  condensing  en- 
gines is  used,  the  surface  should  be  increased  about  50  per 
cent.,  owinjr  to  the  lower  temperature  of  the  steam. 


iS  ami 

AuxiLi.\KY  Equipment 
The  present  article  takes  up  the  proportioning  of  tlie 
various  auxiliaries  required  in  a  large  power  plant,  and 
gives  a  certain  amount  of  wm-king  data  connected  with 
them. 

CoXDEXSEU 

Tne  four  general  types  of  condensing  apparatus  in 
common  use  are  surface,  jet,  barometric  and  atmosiilieru-. 
I'^ach  of  these  has  its  advantages  under  different  condi- 
tions. The  jet  condenser  is  less  bulky  than  the  surface 
condenser,  and  when  the  water  is  of  good  quality  and  the 
oil  is  thoroughly  removed  from  the  e.xhaust  steam.  >o 
that  the  boilers  may  be  fed  from  the  discharge  water,  it 
is  a  desirable  type  to  em])loy. 

The  surface  condenser  is  commonly  used  where  the 
water  is  of  poor  quality  and  where  it  is  desired  to  use 
the  condensed  steam  over  ami  over  in  the  boilers,  adding 
about  10  per  cent,  of  fresh  water  to  overcome  the  cor- 
roding effect  of  distilled  water.  Here,  as  in  thi'  case  of 
a  jet  condenser,  the  oil  must  be  thoroughly  removed  from 
the  exhaust  steam  before  it  is  coiulensed.  unle^s  >ome 
.special  form  of  settling  chamber  or  tank  is  provided.  In 
the  present  problem  we  will  assume  that  the  water-supijly 
contains  a  sufficient  amount  of  impurities  to  call  for  a 
surface  condenser. 

The  weight  of  cooling  water  required  by  a  surrac<' 
condenser,  operating  under  average  conditions,  is  about 
.'55  times  that  of  the  steam  condensed,  when  used  with 
a  reciprocating  engine.  The  cooling  surface  in  the  tubes 
mav  be  1'ound  hv  the  formula 

s'  = L''^^ 

180  (f  —  t) 

111   wbieli, 

,s'   =  Square  feet  of  cooling  surface; 

II' =  Weight  of   steam   to   be   condensed   per   hour; 

T  =  Temperature  of   steam   at  condenser  pressure 

(about  140  deg.  for  average  conditions) ; 
L  =  Latent   heat  of   steam   at   condenser   pressure, 

(101:5  for  a  temperature  of  140  deg.)  : 
t    =  Average  temperature  of  cooling  water    (about 
!l()  deg.  for  summer  conditions). 
Sul)stituting  the  projuu-  values  for  the  present  case  in 
the  formula,  gives 

(u:o  X  18)  X  Kn;; 


-S'  = 


=    1:557  STJ.fi. 


180  (140  —  90) 
The  pumps  are  usually  furnished  as  a  ])art  of  the  con- 
densing equipment   and   are   proportioned   for   the   work 
bv  the  makers,   so   tliat   no   computations   will    be   made 
here. 

Feeu-AVatp:!;  Heaters 
Under  normal  summer  conditions  the  only  cold  feed  to 
be  supplied  is  the  "makeup"  water,  which,  as  previously 
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In  the  present  ease  the  heater  will  do  its  maximum 
work  when  the  engine  is  running  noncondensing  and  will 
therefore  require 

17,00,0  -=-  90  =   188.8 
or  saA'  190  ft.  of  tube  surface. 

Commercial  heaters  are  commonly  rated  in  horsepower, 
based  on  ^  sq.ft.  of  heating  surface  per  horsepower  when 
used  with  noncondensing  engines,  and  lA  sq.ft.  per  hp. 
for  condensing  engines.  This,  in  the  problem  under  con- 
sideration, calls  for  a  heater  rated  at 

190  X  3  =  .570  hp. 
or  practically  the  same  as  the  normal  rating  of  the  boiler 
jjlant.  This  long  jjroeess  of  determining  the  size  of 
heater  may  seem  useless  in  the  present  case,  but  under 
different  conditions  the  result  might  bear  a  different  re- 
lation to  the  capacity  of  the  boiler  plant,  and  the  reader 
should  be  familiar  with  the  methods  of  working  out 
problems  of  this  kind. 

The  temperature  to  which  the  feed  water  may  be 
raised  usually  varies  from  200  to  210  deg.  with  steam 
from  noncondensing  engines,  and  from  110  to  120  deg. 
with  condensing  engines.  This  makes  it  advisable  in 
some  cases  to  provide  a  .secondary  heater  arranged  to 
take  the  exhaust  from  the  various  pumps,  passing  the 
water  through  the  heater  supplied  with  steam  at  conden- 
ser pressure  first  and  then  through  the  second  heater  tak- 
ing the  pump  exhaust  at  atmospheric  pressure.  In  this 
way  a  considerably  higher  feed  temperature  may  be  ob- 
tained, depending  upon  the  amount  of  e.xhaust  at  the 
higher  pressure.  In  the  present  instance,  during  the 
sujnmer,  only  steam  at  condenser  pressure  will  be  avail- 
able for  feed-water  heating  and  it  would  evidently  ])e 
of  advantage  to  utilize  the  exhaust  from  the  auxiliary 
pumps  in  a  secondary  heater  rather  than  exhaust  it  out- 
board. The  size  of  this  heater  may  be  estinuited  with 
sufficient  accuracy  as  follows : 

The  exhaust  from  the  auxiliaries  commonly  runs  from 
."  to  10  per  cent,  of  that  from  the  main  engine.  Assum- 
ing 8  per  cent,  as  a  fair  average,  this  will  amount  to  ap- 
proximately 

"Ui.OOO  X  0.08  =  1280  lb.  per  lir. 
calling  for 

1280  -^  90   =   M   sq.ft. 
of  surface  or  a 

14  X  3  =  42  ///). 
lieater,  the  nearest  standard  size  to  which  would  be  50  hp. 

V.\cuuM   Pujir 

The  size  of  the  vacuum  pump  for  connecting  with  the 
return  from  the  heating  system  may  be  found  by  use  of 
the  following  tal)le,  which  is  abridged  from  the  Metal 
Worker  of  July  28,  1911: 

TABLE   1— SIZE  OF   VACUUM    PUJU' 

Factor          Size  of  I'ump,  In.  Factor          Size  of  Pump.  In. 

28,250    6x     7(4x10         49.9.j7    Sx     '.H4  x  1  :i 

30,600    7x     7(4x10         .'57,220    8x10       x  12 

34,410    7x     8       X  10         60,250 8x10       xl4 

36,620    6  X     S       X  1 2         82,397    10x12       x  1 2 

43,627    6x9       x  12         90,713    10x10       x  16 

In  using  this  table  niulti])Iy  the  number  of  thermo- 
static or  water-seal  valves  by  100.  and  to  this  a<ld  the 
equivalent  square  feet  of  direct  radiation.  Look  for  this 
sum  or  factor  in  Tal)l('  1  and  use  the  size  of  puiu])  cor- 
responding. Apjilyiug  this  to  the  jjroblem  at  hand,  we 
have  a  maximum  beat  loss  of  11,923,000  B.t.u.  per  lir., 
which  requires  the  equivalent  of 

n. 922.000  ~   2.50   =    )7.<;88  .tfj.fl. 


of  direct  radiation.  Thermostatic  valves  will  be  required 
upon  each  section  of  each  hot-blast  heater  and  upon  each 
direct  coil  and  radiator.  Assuming  100  of  these  to  be  re- 
quired, we  find  the  factor  to  be 

(100  X  100)  +  47,688  =  57,/588 
which,   according   to   Table   1,   calls   for  an   8xl0xl2-in. 
pump. 

Eeceivixg  Tank  axd  Feed  Pumps 

The  size  of  the  receiving  tank  is  usually  estimated, 
and  must  be  large  enough  to  care  for  any  sudden  increase 
in  condensation,  as  when  steam  is  first  turned  on  in  the 
morning,  without  flooding.  For  a  plant  of  the  .size  under 
consideration,  a  tank  48x72  in.  should  be  of  ample  size. 
If  two  feed  piuups  are  used,  each  should  be  of  sufficient 
size  to  do  the  entire  work  not  exceeding  a  piston  speed 
of  about  50  ft.  per  niin.,  or  approximately  50  strokes 
per  min.,  for  continuous  use.  If  three  pumps  are  pro- 
vided, two  working  together  should  be  able  to  do  the 
work,  which  will  give  a  .spare  pump  at  all  times.  A  600- 
hp.  boiler  jjlant  will  require 

600  X  34.0 

—^7 =  249-1:  gal.  per  lir. 

2494  -^  60  ^  42  gah  per  win. 
Table  2  gives  the  capacity  in  gallons  for  duplex  pumps 
of  different  size,  based  on  20  per  cent,  slippage  and  a 
maximum  continuous  s]>eed  of  50  strokes  per  minute. 


TABLE 


Size  of  Pump, 


tial. 
per  Min 

4(4  x2?i     x4    ! 

5(i  X  3(^  X    5    1( 

6       x4       x6    2f 


SIZE    OF    PEED    PUMPS 
Size  of  Pump, 


7(^  X  5       X    6    40 

7(2  X  4  li  X  10    5U 

7(4  X  5(4  xlO    7U 


Either  the  7i/^x5x6-in.  or  the  7lAx4i4xlO-in.  pump 
would  do  the  work  required,  but  perhaps  the  larger  size 
would  be  !)etter  for  continuous  service. 

Blowoki^  Tank 

The  size  of  the  blowoff  tank  depends  ui)oii  the  amount 
of  water  it  is  desired  to  remove  from  the  boiler  at  one 
time.  It  is  usually  cu.stomary  to  blow  olf  a  small  quan- 
tity at  frequent  intervals,  and  for  this  purpo.se  it  will 
usually  be  found  sufficient  to  make  the  capacity  of  the 
tank  about  one-twentieth  that  of  the  total  volume  of  the 
boiler,  neglecting  the  tubes.  If  there  are  two  boilers,  the 
tank  should  be  made  twice  the  size,  and  .so  on.  In  a  bat- 
tery of  several  boilers  they  will  probaiily  be  blown  off  in 
.sections  of  two  or  three  and  the  tank  may  be  pro])ortioned 
accordingly.  In  the  present  case  we  will  assume  that  one 
battery,  or  three  boilers,  is  to  be  blown  off  at  one  time. 
Total  volume  of  three  boilers  equals 

28  X  16  X  3  =  1344  cu.ft. 
i;U4-4-20  =  67.2  ni.fl. 
wiiii  li  ciiJI,^  lor  a  tank  4  ft.  in  diameter  by  6  ft.  long. 

VicsTiL.vTiox    oi'    Bon, 101!    and    KxtiiNK    Rooms 

Boiler  and  engine  rooms  arc  usually  ventilated  by 
blowing  in  cool  outside  air,  near  or  directed  toward  the 
floor,  and  allowing  it  to  pass  out  through  roof  openings, 
or  nutnitors. 

If  tlic  power  house  is  above  grade,  so  that  fre.sh  air 
may  lie  admitted  through  doors  and  windows,  a  fan  will 
not  usually  be  neces.sary.  In  the  ])r(,'scnt  layout,  with  Hk^ 
boilers,  pumps  and  condenser  below  tlie  ground  level,  it 
will  lie  advisable  to  provide  artificial  ventilation.  This 
will  require,  for  four  clumges  of  air  jicr  hour,  about  1500 
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cu.ft.  of  air  per  min.  As  the  subject  of  faus  will  be  taken 
up  later,  -vre  will  only  state  here  that  from  a  fan  table 
a  ;U/|-ft.  centrifugal  fan  running  at  375  r.p.ni.  will  de- 
liver this  amount  of  air  and  will  require  a  ;3-hp.  motor 
for  operating  it.  No  special  ventilation  will  be  provided 
for  the  engine  room,  windows  and  monitor  openings  being 
depended  upon  for  this  purpose. 


Cl^atnmsae?^   Hat  Iby  a  SlheSl 

Fortunately,  few  of  our  readers  have  the  o]ip()rtunity 
of  seeing  the  effect  of  a  high-veloeitj-  projectile  on  a  brick 


OVK^  THE  SPEILlL^y^AY 

JUST  J  E  S  T  S,  J  A  n  S,  J  O  S  H  E  S  -\  X  D   JUMBLES 


TH  A>KSGIVIN«! 

In  a  couple  of  days  we  wiU  honor  the  Pilgrim  Fathers  to 
the  extent  of  taking  a  day  off  and  stuffing  ourselves  to  the 
ears  with  turkey  and  fixin's — and  mebbe  feel  thankful  that 
Thanksgiving  Day  comes  but  once  a  year.  Somehow,  the  last 
few  years,  the  holidays  seem  to  have  slipped  their  identity 
tag.  Ask  your-  boy  Tommy  what's  Thanksgiving  Day.  Bet 
you  two  bits  he'll  say:  "Gee.  dad,  it's  another  day  us  fel- 
lers don't   have   to   go  to   school." 

Most  of  our  holidays  mean  a  lot,  though  there's  many  a 
grown-up  Tommy  who  can't  remember  if  Feb.  12  is  Arbor 
Day  or  Washington's  birthday. 

The  Pilgrim  Fathers  were  no  village  cut-ups,  we'll  ad- 
mit. That  they  were  a  grim  lot  may  have  been  due  to  trying 
to  get  968,901  compatriots  into  the  little  "Mayflower,"  if  we 
are  to  believe  the  claims  of  their  descendants. 

But  the  P.  F.  did  celebrate  the  first  Thanksgiving  Day  and 
it  was  a  good  hunch  in  that  it  is  a  reminder  that  we  have 
slashings  of  things  to  be  thankful  for. 

We  have  escaped  the  horrors  of  war,  and  our  country  is 
most  wise  in  its  neutrality;  the  daily  supply  of  B.t.u.  at  the 
plant  is  still  in  our  keeping;  the  doctor  says  our  baby  only 
has  the  snuffles — the  other  five  (or  5-|-  as  the  case  may  be) 
are  disgracefully  healthy,  and  we  are  not  well  enough  to  be 
sick  ourselves.  Then,  again,  we  can  holler  for  the  busy  times 
that  are  bound  to  come  all  the  quicker  if  we  but  believe  in 
ourselves  and  our  neighbors.     Sure  we  are  thankful! 


Chimxey  xeai!  Ekeims  Hit  by  Gekman  Shell 

chimney  at  first  hand.  Here  is  the  photograph  of  a  chim- 
ney at  Eheims,  France,  so  damaged.  We  are  indebted 
to  the  Bain  News  Service  for  this  picture. 

Cylinder  Lnbrication — A  heavy  cylinder  oil  should  not  be 
fed  at  the  same  rate,  in  drops  per  minute,  as  a  lighter  oil, 
for  there  is  more  substance  in  a  drop  of  heavy  than  in  one 
of  light  oil. 


"Fight    to    Keep    the    Family    Home    Int.act.  "    says    a    head-  t 

line.     It  may  be  one  way  to  do  it,   though  we  doubt  if  it  will  | 

work  out  right.     Our  own  home  has  remained  intact  for  years  i 

chiefly    because    it    took    two    of   us    to    make    a    fight.      To    the  i 

trendies  for  us  when  we  fight  I  | 

! 

Scientist   says   drowsiness   is  the   result   of  the   nerve  cells    J 
burning    up    all    their    fuel    and    getting    clogged    with    ashes. 
I'.eckon   we'll  pull  our  fires  and  give   ourselves  the   once  over. 
\s  to  the  ashes^Mebbe  we'll  try  Calorigene   (see  our  editorial 
Hail,  Calorigene!"  on  page  749). 

This    is    a    burn-your-ashes-and-get-more-heat-than-from- 
coal  stunt — when  It   works!      Here's   how   we   love  Calorigene: 
CALORIGENE 

It's  made  us  sore  and  roused  our  spleen; 
No  more  our  mind  is  gay,  serene. 
Old  Trouble's   hit  us  on   the   bean — 
The  reason  is,  Calorigene! 

■W'e've  burned  the  midnight  kerosene 
.And  scoured  the  earth  that  we  might  gleajn 
Some   help   to   make   our  coal   bills  lean — 
Oh,  where   were  you,   Calorigene? 

Calorigene,  Calorigene! 
It  is  qiiite  plainly  to  be  seen 
That  you  have  acted  doggone  mean 
To   keep   yourself  so  long   unseen. 

Could  we  from  you  one  small  hope  glean. 
We'd  crown  you  queen.  Calorigene, 
If  you  could  save  one-half  the  coal 
That's  swallered  by  the   furnace   hole! 

Calorigene,  Calorigene! 

Say  if  you're  hep  to  what  we  mean — 

If,   when   we   reach   that   blessed   shore 

Where  coal  and  ashes  are  no  more, 

Calorigene,  if  you   prove  true. 

We'll  back  to  earth  and  stay  with  you! 


.November  24,   1914 
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At  the  annual  Conference  of  Governors  which  was  held  at 
Madison,  Wis.,  Nov.  10  to  14,  an  interpretation  of  the  govern- 
ment's conservation  policy  was  given  which  differs  widely 
from  the  conception  of  this  term  as  held  by  the  majority  of 
the  people,  at  least  in  the  older  states  of  the  Union. 

The  key  note  of  this  discussion  was  sounded  by  Governor 
William  Spry  of  Utah  when  he  read  his  paper  on  "State 
Control  of  Natural   Resources." 

As  developed  by  this  paper  and  the  discussion  which  fol- 
lowed, there  stand  out  two  distinct  criticisms  of  the  present 
policy:  First,  a  criticism  of  federal  ownership  and  control 
of  the  lands,  minerals,  timber  and  water  powers  of  the  coun- 
try. Second,  a  criticism  of  the  idea  which  seems  to  prevail 
in  official  circles  as  to  what   "conservation"   is: 

The  opinion  of  Governor  Spry  on  the  first  of  these  ques- 
tions is  perhaps  best  expressed  by  the  following  quotation 
from  his  paper:  "Now  vast  areas  have  been  withdrawn  from 
entry;  new  and  radical  departures  in  the  regulations  govern- 
ing the  handling  of  mineral  and  oil  lands  have  been  adopted 
and  the  cry  is  going  up  for  the  government  ownership  of  all 
power  sites.  Under  this  policy,  the  states  wherein  the  public 
domain  as  yet  lies  practically  in  its  virgin  state  are  deprived 
of  that  great  benefit  that  accrued  as  a  direct  asset  to  the 
older  states. 

"Suppose  the  government  leases  mineral,  coal  and  oil  lands 
and  water-power  sites  and  remains  forever  vested  of  title. 
Who  can  estimate  the  loss  in  revenue  from  taxation  that  will 
be  suffered  by  the  states  wherein  the  valuable  resources  are 
located,  which  revenues  have  been  for  years  accruing  to 
the  older  states?" 

This  is  a  point  on  which  the  Western  governors  appear 
to  be  unanimous.  Their  contentions  along  this  line  were  also 
expressed  by  Governor  Amnions  of  Colorado  to  the  effect 
that  the  resources  within  the  state  are  by  right  the  assets 
of   the    state    and    not    of    the    fedeial    government. 

Also  it  is  claimed  that  on  account  of  the  close  proximity 
to  their  resources,  their  knowledge  of  the  conditions  sur- 
rounding them,  and  the  experience  gained  by  long  years  of 
contact  with  these  conditions,  the  state  can  more  wisely 
administer  these  resources  than  can  a  bureau  of  the  federal 
government  far  removed  from  the  practical  problems  involved. 
Great  stress  is  laid  on  the  right  of  the  state  to  derive  revenues 
from  these  resources,  in  the  way  of  taxes,  for  the  support  of 
the   state   government. 

Governor  Amnions  stated  that  in  Colorado  only  a  trifle 
more  than  2F  per  cent,  of  the  area  of  the  state  was  subject 
to  taxation.  The  remainder  is  still  vested  in  the  federal 
government  and  held  so  that  its  development  is  impossible. 
This  throws  the  burden  of  maintaining  the  government,  con- 
struction of  schools  and  roads  and  the  development  of  a  new 
State,  on  a  very  limited  area  and  a  few  people,  while  in  time 
the  total  area  of  the  state  will  reap  the  benefits  of  the 
sacrifices  of  the  few.  If  the  state  were  allowed  what  it 
claimed  to  be  its  just  rights  it  would  develop  a  policy  which 
would  lead  to  the  development  and  use  of  its  resources  and 
produce  additional  revenue  for  the  maintenance  and  upbuild- 
ing of  the  state. 

Governor  Eberhart  of  Minnesota  laid  down  two  principles 
which  he  believes  to  be  fundamental.  First,  a  state  should 
undertake  no  business  which  can  be  managed  and  conducted 
equally  well  for  all  parties  concerned  by  private  ownership. 
Second,  the  federal  government  should  undertake  no  business 
which  can  be  managed  and  conducted  equally  well  for  all 
parties  concerned  by  a  state  government.  He  cited  tlie 
question  of  water  powers  as  coming  under  the  second  head 
and  believes  the  states  should  he  allowed  to  control  the  water 
powers  within  their  borders,  but  the  state  must  insure  proper 
regulation. 

In  answer  to  the  objection  that  the  older  states  have 
often  allowed  their  resources  to  get  away  from  them  without 
proper  compensation,  it  was  stated  that  nearly  all  of  the 
states  now  have  commissions  to  look  after  their  Interests. 
It  is  also  claimed  that  these  commissions,  being  In  closer 
contact  with  the  local  conditions,  would  be  In  a  better  posi- 
tion to  pass  on  the  adequacy  of  the  returns  than  would  be 
a  federal  boaril  to  which  the  same  question  might  be  referred. 
Passing  from  states'  rights  to  conservation,  there  seems  to 
be  the  same  unanimity  on  the  part  of  the  governors  from  the 
Rocky  Mountain  district.  The  prevailing  sentiment  may  again 
be  expressed  from  Governor  Spry's  address.  After  reciting 
some  of  the  provisions  of  the  earlier  government  land  laws 
and  the  development  of  the  newer  states  under  those  laws  he 
makes  the  following  statement: 

Remote  from  the  thickly  populated  i:cnter»  these  Western 
states    waged    a    vigorous    campaign     of    land    and     resource 


exploitation  m  an  effort  to  put  their  capital  on  an  earning 
basis.  Altogether,  the  so-called  desert  and  waste  places  of 
the  North  American  Continent  gave  abundant  evidence  of 
being  among  Nature's  most  favored  localities,  and  spots 
where  she  had  with  lavish  hand  provided  the  valuable  re- 
sources, which  when  converted  to  useful  purposes  build  up 
communities,   states   and   nations. 

A  halt  was  suddenly  called  to  this  growth  and  develop- 
ment. Uncertainty  took  the  place  of  confidence  and  a  condi- 
tion of  paralysis  overtook  the  West.  Covetous  eyes  looked 
upon   the    heritage   of   the    public   land    states. 

Referring  to  the  first  Conservation  Congress,  called  by 
President  Roosevelt,  he  .says:  "The  conference  developed  into 
a  spectacular,  -wordy  exploitation  of  alleged  facts  regarding 
the  exhaustion  of  the  natural  resources.  The  moderate  ex- 
pressions of  fear  that  wanton  waste  would  work  a  hardship 
on  future  generations  were  relegated  by  a  self  appointed 
coterie  of  resource  guardians.  Statistics  were  presented,  and 
at  the  time  undisputed,  to  prove  that  in  a  short  time  the  vast 
mountain  ranges  would  be  stripped  of  ore,  that  the  iron  age 
would  be  a  thing  of  the  past,  that  people  would  actually 
suffer  from  cold  from  the  lack  of  coal,  that  the  great  Ameri- 
can republic  would  soon  face  veritable  bankruptcy  of  public 
resources." 

In  the  discussion  of  the  depletion  of  natural  resources. 
Governor  Animons  stated  that  there  was  enough  coal  in  his 
state  to  supply  this  country  for  the  next  three  hundred  years 
and  that  Wyoming  had  a  much  larger  supply.  He  asserted 
that  there  is  a  greater  growth  of  timber  in  this  country 
at  the  present  time  than  is  required  for  the  present  use.  and 
that  timber  is  being  supplanted  by  other  and  better  building 
materials. 

He  stated  that  only  4%  per  cent,  of  the  water  powers 
of  Colorado  has  been  developed  up  to  this  time  and  they  have 
not  been  able  to  market  that  on  account  of  the  retardation 
of  development. 

The  general  sentiment  in  respect  to  the  various  resources 
seemed  to  be  the  one  which  is  so  often  expressed  in  regard  to 
water  powers,  i.e.,  the  only  way  to  conserve  them  is  to  use 
them.  These  governors  believe  that  the  settlement  of  their 
lands,  the  development  of  their  water  powers,  and  the  use 
of  their  forests  under  proper  regulations  is  the  correct  policy 
to  follow  at  the  present  time.  They  believe  that  the  so- 
called  conservation  policy  now  followed  by  the  federal  bureaus 
is,  in  fact,  rather  a  policy  of  stagnation  so  far  as  the  West 
is  concerned. 

The  proposed  leasing  system  is  not  acceptable  to  the 
people  of  the  West  as  it  allows  the  title  to  be  vested  in 
the  government  and  is  therefore  not  subject  to  taxation 
no  matter  how  valuable  it  may  be.  The  only  acceptable 
leasing  system  would  be  one  in  which  all  of  the  revenue 
accruing  shall  be  turned  over  to  the  state.  This  they  consider 
their  just  deserts. 

A  friendly  challenge  was  laid  down  for  any  of  the  gov- 
ernors present  to  show  wherein  the  position  taken  by  the 
Western  governors  was  in  error.  No  governor  present  seemed 
to  be  inclined  to  enter  the  controversy  on  the  floor  of  the 
conference. 

The  position  of  the  Western  group  is  perhaps  best  summed 
up  by   the   following  quotation   from  Governor  Spry: 

The  natural  resources  within  the  given  boundaries  of  a 
state  constitute  the  capit.al  upon  whicli  that  particular  state 
must  conduct  its  business  and  that  capital  should  not  he 
impaired  by  stagnation.  The  business  of  the  government  and 
the  business  of  the  state  is  being  properly  conducted  only 
when  the  public  lands  go  to  bona  Hde  homeseekers,  when  the 
minerals  are  being  converted  into  wealth,  when  tlie  waters 
are  being  used  for  navigation,  irrigation,  and  power,  and 
when  the  timber  is  being  cut  to  build  homes,  school  houses 
and   pulilic   buildings. 

Si 


JecBsn©ims 

The  recently  |.iilili.«lucl  i  eport  of  the  Public  Service  Coin- 
mission  of  Missouri  contains  the  proceedings  of  two  electric 
rate  cases,  in  both  of  which  a  substantial  reduction  in  charges 
to  the  consumer  was  ordered. 

SPRINGFIEL1>  GAS  &  RI^ECTRIC  CO. 
In  the  case  of  the  .Springfield  Gas  &  Electric  Co.  a  maxi- 
mum rate  of  15  cents  iier  kw.-hr.  was  being  charged.  Under 
the  revised  schedule  ordered  by  the  commission,  the  rates  are 
as  follows:  Residence  lighting,  S  cents  per  kw.hr.  for  the 
first  30  hr.  and  !i  cents  per  kw.-hr.  for  the  remainder,  with  a 
minimum  bill  of  ".'j  cents  per  month;  general  lighting,  8  cents 
per  kw.-hr.  for  the  firnt  30  hr..  R  cents  for  the  next  fiO  hr.,  and 
3V4  cents  for  the  remainder,  with  a  minimum  bill  of  .5  cents 
per  month  for  each  fifl-watt  equivalent  of  connected  load, 
there  being  no  charge  less  than  $1  per  month;  general  ptiwei'. 
8  cents  per  kw.-hr.  for  the  first  30  hr..  fi  cents  for  the  next  60 
hr..  and  3V4  ci'nts  for  the  remainder,  with  a  minimum  bill  of 
75  cents  per  month  for  each  kilowatt  of  connected  load:  largi- 
light   and   power  service,    7  cents  per  kw.-hr    for    the   first   :io 
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hr.,  4  cents  for  the  next  30  hr.,  3  cents  for  the  next  60  hr..  and 
2  cents  for  the  remainder,  with  a  minimum  bill  of  $1  for  each 
kilowatt  of  maximum  demand:  street  ligrViting.  $60  per  annum 
per  7.5-amp.  lamp  and  $6  per  annum  per  40-watt  lamp.  Pro- 
vision is  also  made  for  a  10  per  cent,  discount  on  residence 
lighting,  general  lighting  and  power,  and  5  per  cent,  on  large 
light  and  power  service,  if  the  bills  are  paid  within  10  days. 

In  arriving  at  this  schedule  the  commission  carefully  in- 
vestigated the  values  of  the  properties  involved,  the  operating 
expenses,  overhead  charges  and  revenue.  It  refused  to  allow 
a  separate  and  distinct  Item  for  "going  value"  or  "good  will," 
but  did  take  into  consideration,  in  fixing  the  present  fair 
value  of  the  property,  that  the  plant  was  in  successful  oper- 
ation as  a  going  concern.  It  refused  to  allow  a  franchise 
value  as  an  item  in  rate  making,  but  conceded  such  a  value 
in  case  of  sale  or  condemnation.  An  attempt  was  also  made 
by  the  company  to  capitalize  the  going  value  of  an  efficient 
office  force;  this  was  denied  by  the  commission. 

:'i  appears  that  the  defendant  company,  in  an  endeavor  to 
boost  its  capitalization  after  the  proceedings  had  begun,  at- 
tempted through  a  tripartite  agreement  to  transfer  to  itself 
ownership  of  the  steam  plant  belonging  to  the  Springfield 
Traction  Co.,  from  which  it  had  purchased  electricity  at  1.2 
cents  per  kw.-hr.  Tliis  the  commission  would  not  allow  and 
finally  fixed  the  value  of  the  defendant's  property  at  $300,000, 
as   against    a   claimed   valuation    of   over    $S0O,000. 

After  allowing  a  reasonable  amount  for  overhead  charges 
and  operating  expenses  the  commission  fixed  7  per  cent,  as  a 
fair  rate  of  return  on  the  investment  and  fixed  the  rates 
accordingly. 

KIRKSVILLE    LIGHT,    POWER    &    ICE    CO. 

The  second  case  was  that  of  the  Kirksville  Light,  Power  & 
Ice  Co.,  a  small  central  station  of  only  300-kw.  capacity,  which 
had  been  charging  at  a  sliding  scale  from  15  to  6  cents  per 
kw.-hr.  After  thorough  investigation  the  commission  ordered 
approximately  a  25  per  cent,  reduction  in  rates  and  pre- 
scribed the  following  schedule:  10  cents  per  kw.-hr.  for  the 
first  30  hr.  of  use  per  month.  7  cents  for  the  next  30  hr.,  and  4 
cents  for  the  remainder.  A  minimum  charge  of  75  cents  per 
month  for  residences  is  provided,  and  5  cents  for  each  60-watt 
equivalent  of  connected  load  for  commercial  service. 

As  in  the  other  case,  7  per  cent,  was  allowed  as  a  fair  rate 
of  return  after  providing  for  reasonable  operating  expenses, 
depreciation  and  contingencies.  Commenting  on  low  rates, 
the  commission  said:  "Low  rates  for  long-hour  or  day-time 
electricity  from  a  lighting  plant  can  be  justified  only  on  the 
basis  that  the  rates  charged  reduce  the  cost  to  all  consumers 
and  that  there  is  no  discrimination  among  consumers  or 
classes  of  consumers." 


-\  patent  decision  of  interest  to  steam-boiler  plant  owners 
and  operators  was  recently  handed  down  by  Justice  Hough, 
of  the  United  States  District  Court  for  the  Southern  District 
of  New  York.  By  this  decision  are  sustained  the  basic  patents 
issued  to  Embury  McLean,  covering  the  combination  of  ap- 
paratus and  the  method  of  operating  a  furnace  which  has 
come  to  be  known  as  the   "Balanced  Draft"  system. 

These  patents  are  owned  by  the  Engineer  Co.,  which  will 
thus  be  given  the  exclusive  right  to  install   "Balanced  Draft." 


.\Tuerican    Institute    of    Steam    Boiler    InKpeotorx — At     the 

regular  meeting  to  be  held  at  29  West  Thirty-Ninth  St.,  New 
York  City  on  Nov.  27,  at  8  o'clock  p.m.,  Charles  S.  Blake, 
secretary  of  the  Hartford  Steam  Boiler  Inspection  &  Insurance 
Co.,  will  lecture  on  boilers  and  boiler  explosions,  with  stereop- 
ticon  views.  Mr.  Blake  has  gone  through  the  mill  as  an  in- 
spector and  is  thoroughly  qualified  to  give  some  instructive 
information. 

Xaval  Apcliitects  and  Slarine  Engrineers'  Meeting — The 
twenty-second  general  meeting  of  the  society  of  Naval  Arch- 
itects and  Marine  Engineers  will  be  held  in  the  Engineering 
Societies  Building.  29  West  Thirty-Ninth  St.,  New  York, 
Thursday  and  Friday,  Dec.  iT  and  11. 

Following  is  a  list  of  the  papers  to  be  presented:  "Inter- 
national Conference  on  Safety  at  Sea."  by  Hon.  E.  T.  Chamber- 
lain; "Safety  of  Life  at  Sea.  Application  of  Subdivision  Rules 
Adopted  at  International  Conference."  James  Donald:   "Safety 


of  Life  from  Fire  at  Sea,"  W.  O.  Teague;  "Launching  Data  for 
a  Battleship."  Naval  Constructor  J.  G.  Tawresey,  U.  S.  N.; 
"Stability  of  Vessels  as  Affected  by  Damage  Due  to  Collision," 
William  Gatewood:  "Expansion  or  Contraction  of  Certain  Di- 
mensions and  the  Effect  upon  Resistance,"  Prof.  H.  C  Sadler; 
"Some  Experiments  with  Models  Having  Radical  Variations 
of  After  Sections."  Naval  Constructor  D.  W.  Taylor,  U.  S.  N.; 
"Recent  Developments  in  Submarine  Signaling,"  J.  B,  Millet; 
"The  Thermodynamics  of  the  Marine  Oil  Engine;"  John  F. 
Wentworth;  "Refueling  of  AVarships  at  Sea,"  Spencer  Miller; 
"Our  First  Frigates.  Some  Unpublished  Facts  About  Their 
Construction,"  Hon.  F.  D.  Roosevelt.  Assistant  Secretary  of 
the  Navy;  "The  Behavior  of  Riveted  Joints  under  Stresses." 
James  E.  Howard;  "The  Present  Status^  of  Marine  Diesel 
Engine  Installations,"  W.  R.  Haynie;  "The  Applicatiqn  of 
Electric  Propulsion  to  Battleships,  together  with  the  Experi- 
ence Gained   in   the  'Jupiter,'"   Lieut.  S.  M.   Robinson,  U.   S.   N. 

Assopiated  En^siineering  SocietieN  of  St,  L,ouis — Ernest  J. 
Wiederholdt,  president  of  the  Wiederholdt  Construction  Co., 
chimney  builders,  presented  an  illustrated  paper  on  "Various 
Types  of  Chimneys"  before  the  Associated  Engineering  So- 
cieties of  St.  Louis  on  Wednesday  evening,  Nov.  4.  Mr.  Wied- 
erholdt discussed  and  illustrated  types  of  guyed  and  self-sup- 
porting steel,  common-  and  radial-brick,  concrete,  tile-con- 
crete, and  brick-concrete  chimneys,  discussing  the  points  of 
advantage  of  each  type.  He  also  illustrated  the  advantage  of 
protecting  chimneys  from  lightning  by  throwing  on  the  screen 
photographs  of  unprotected  chimneys  that  had  been  dam- 
aged. 

Joint  Conferenee  on  .\viation — The  Aeronautical  Society  of 
America,  in  collaboration  with  many  national  engineering  or- 
ganizations in  this  country,  on  Feb.  5  and  6,  1915,  will  con- 
sider inventions  tending  to  increase  the  staljility  and  safety 
of  flight  in  heavier-than-air  machines.  The  Board  will  do  this 
with  a  view  of  preparing  for  the  meeting  of  the  joint  con- 
ference such  data  as  may  enable  forming  a  clear  and  correct 
judgment  of  the  value  of  the  invention,  and  will  collaborate 
to  this  end  with  the  inventor  to  the  best  of  its  abilities.  The 
inventors,  after  the  conference,  may  be  given  a  certificate 
showing  that  their  invention  has  been  submitted  to  the  joint 
conference:  if  the  conference  so  decides,  the  opinion  passed  on 


Robert  F.  Carr,  president  of  the  Dearborn  Chemical  Co., 
at  the  recent  Illinois  state  election  was  elected  a  trustee  of 
the  University  of  Illinois,  from  which  he  was  graduated  in 
Chemistry  in  1893.  Mr.  Carr's  plurality  over  his  opponent  was 
about  30.000.  The  university's  board  of  trustees  is  composed 
of  nine  elective  members,  three  to  be  elected  every  two  years 
for  a  term  of  six  years.  The  other  members  are  the  governor 
of  the  state,  the  state  superintendent  of  public  instruction 
and  the  president  of  the  state  board  of  agriculture. 


Wliat   is   Fuel    Oil? — Fuel    oil    is    frequently    referred    to    as 

crude  oil  and  possibly  this  is  the  reason  for  the  erroneous 
idea  of  its  danger,  for  crude  oil  is  called  a  fuel  oil  only  wlien 
its  flashing  point  is  nigh  and  it  is  comparatively  free  from 
gasoline  and  naphtha.  Crude  oil  itself  is  a  mixture  of  a 
number  of  h>'drocarbons  ^vllich  may  be  separated  through 
the  agency  of  heat  and  the  first  distillate  gases  given  off 
in  refining  are  very  explosive  so  that  such  an  oil  cannot  be 
safely  used  as  a  fuel   oil. 

Gasoline  is  driven  off  at  a  temperature  of  from  140  to 
160  deg.  F.,  during  the  distillation  of  crude  oil,  and  at  a 
temperature  of  200  deg.  the  lighter  benzines  or  naphthas 
have  been  separated  from  the  crude.  The  residue,  should 
distillation  be  stopped  at  this  point,  would  be  an  oil  that 
could  be  handled  as  safely  as  coal,  but  the  specifications  for 
fuel  oil  generally  call  for  a  fire  test  of  250  to  300  deg.  F. 
Such  oil  contains  little  naphtha  and  cannot  ignite  accidentally 
if  ordinary  precautions  are  taken.  .\  shovelful  of  red-hot 
ashes  can  be  thrown  into  a  tank  of  this  oil  without  danger, 
or  a  red-hot  poker  may  be  used  to  stir  it  without  fear  of 
an  explosion   or  ignition. 

Following  in  the  order  in  which  the  various  oils  are  dis- 
tilled from  crude  comes  kerosene,  which  constitutes  about 
one-half  the  mixture.  This  is  also  a  good  oil  for  fuel,  but 
is  naturally  considerably  more  expensive  than  fuel  oil  and 
cannot  be,  therefore,  considered  as  a  practical  substitute  for 
coal   for  any   but  very   small    engines. 
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eim  smoments  are  precious  a  well-kept  tool-board 
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^rformaiiice  of  Low^-Fress^re  T^r^ 


Millie  Flan 

By  CiiAnLEs  IT.  Bromley 


SYNOPSIS — Describes  the  equipment  and  gives  inter- 
esting  cost  and  performance  data  of  a  CorUss-enyine-low- 
prcssure-turbine  plant,  using  an  atmospheric  cooling 
tower,  and  ftirnishing  power  for  the  Jenckes  Spinning 
Co.'s  plant,  Paiviuclet,  R.  I. 

Xew  Englaud  i.s  a  mighty  busj'  section,  and  naturally 
economy  is  paramount.  For  generations  engineers  there 
have  been  brought  up  to  a  thorough  realization  of  the  im- 
portance of  economical  power-plant  operation.  The 
Jenckes  Spinning  Co.'s  plant,  Pawtucket,  R.  I.,  reflects 
the  alertness  of  New  England  operating  engineers  and  is 
a  criterion  by  which  to  judge  the  best-conducted  plants 
in  that  section.    The  plant  operates  day  and  night. 


of  ?0  per  cent.;  the  guarantee  was  more  than  fulfilled. 
The  feed  pump  is  of  the  direct-acting  duplex  type  ex- 
hausting into  a  closed  heater  fed  by  bleeding  steam  in 
from  the  pump  and  other  auxiliaries. 

The  condensate,  as  usual,  goes  to  the  hotwell,  the  neces- 
sary makeup  water  being  taken  from  the  city  mains,  tlie 
total  being  measured  on  the  way  to  the  boilers  by  a  -l-in. 
venturi  meter. 

The  Boilers 

The  530-hp.  and  the  350-hp.  boilers  are  used  for  power 
purposes  while  the  400-hp.  is  for  heating;  all  are  hand- 
fired  and  furnished  with  natural  draft.  The  coal  is 
Crozer-Pocahontas,  from  the  Crozer  properties  in  Mc- 


FiG.  1.  Coal  for  the  Test 

Before  the  recent  alterations  and  additions,  this  plant 
was  furnished  power  by  three  Corliss  engines  running 
uoncondensing.  The  company's  chief  output  is  tire  fab- 
rics and  to  keep  pace  with  the  automobile  industry  it  be- 
came .necessary  to  increase  its  power  capacity. 

Of  the  three  engines  of  850,  400  and  500  hp.,  the  two 
former  were  retained,  but  the  other  having  served  its 
usefvd  life,  was  discarded  when  the  advisability  of  in- 
stalling a  low-pressure  turbine  became  imminent.  As  its 
chief  equipment  the  plant  has  now  two  500-hp.,  one  250- 
hp.  and  one  400-hp.  water-tube  boilers;  the  simple  Corliss 
engines  mentioned;  one  1000-kw.,  60-eycle,  three-phase, 
low-pressure  turbo-generator  excited  by  a  35-hp.  induc- 
tion-motor-driven generator ;  one  auxiliary  turbine-driven 
exciter;  one  39'5-hp.  synchronous  motor;  one  surface  con- 
denser and  one  atmospheric  cooling  tower  20  ft.  wide, 
90  ft.  long'by'30  ft.  high,  which  with  "the  Rotrex  air 
pump,  (tlve"" latter  removes  air  and  condensate  in  one 
cylinder)  was  guaranteed  to  condense  35;500  lb.  of  steam 
per  hour  and  produce  a  vacuum  of  3  lb.  absolute  pressure 
with  an  air  temperature  of  70  deg.  and  relative  humidity 


Fig.  2.  The  Two  Simple  Corliss  Engines 

Dowell  County,  W.  Va.  From  this  district,  the  coal 
runs  about  2.72  per  cent,  moisture,  13  to  15.4  per  cent, 
volatile,  77  to  86  per  cent,  fixed  carbon,  4.4  to  5  per  cent, 
ash  and  0.55  to  0.77  per  cent,  sulphur.  The  heat  value  on 
the  "as  received"  basis  will  average  about  14,500  B.t.u.; 
when  analyzed  on  the  "moisture  and  ash  free"  basis,  it 
runs  up  to  as  high  as  15,860  B.t.u. 

After  the  low-pressure  turbine  was  installed  i^  was  de- 
sired to  test  the  plant  for  efficiency  under  the  usual  day 
and  night  loads,  the  efficiency  of  the  boiler  plants,  and 
the  cost  per  horsepower-hour-as  determined  by  test  over 
a  seventv-two-hour  period.  The  Massachusetts  Institute 
of  Technology  was  therefore  called  on  and  conducted  the 
test,  many  of  the  data  from  which  is  given  herewith.-^ 

A  summary  of  the  results  obtained  for  the  day,  night 
and  seventy-two-hour  tests  follows: 

BOILERS 


Cse 

Hp. 

Type 

Heating 
Surface, 
Sq.ft. 

Grate 

Surface, 

Sq.ft. 

Power 
Power 
Power 
Heating 

520 
520 
250 
400 

B  cSt  W  horizontal 
B&  Whorizontal 
B  &  W  horizontal 
B  &  W  horizontal 

vatcr  tube 
vattT  tube 
vater  tube 
-valer  tube 

5085.5 
,W85,5 
3900  5 

90 
90 
00 
90 
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RESULT  OF  TESTS 

Boiler  Plant 

Heat  of  combustion  of  coal  as  fired:     14,680  B.t.u.  per  lb. 
Total  equivalent  evaporation  from  and  at  212  deg.  F. 

Dav 28.200  Ih, 

Night 19,910  lb. 

72  hours 24,300  lb. 

Equivalent  evaporation  from  and  at  212  deg.  F.  per  pound  of  dry  coal: 

Dav 11.44  lb. 

Night 10.54  lb. 

Test 11.10  lb. 

Equivalent  evaporation  from  and  at  212  deg.  F.  per  pound  of  combustible; 

Day 12.33  lb. 

Night 11.34  lb. 

Test 11.91  lb. 

Equivalent  evaporation  from  and  at  212  deg.  F.  per  sq.ft.  of  heating  surface  per 


Dav... 

Night. 
Test . . . 


2.02  lb. 
1.42  lb. 

1.66  lb. 


111.34  Ih. 
7.95  lb. 
9.25  lb. 


Coal  burned  per  sq.ft.  of  grate  surface  per  hour: 

Dav 

Nieht 

Test 

Boiler  horsepower  developed,  A.  S.  M.  E.  rating: 

Day 813.1 

Nieht 576.9 

Test... 703.0 

Maximum  assumed  possible  error  of  test,  per  cent. . .  1.88 

Air  per  pound  of  coal  from  analysis  of  flue  gas 28.2  lb. 

Air  requir.'d  per  pound  of  coal  from  the  formula  (12  C  -t-  31)  (H  — 1>/Sj)       10.78  lb. 

Excess  air  supplied,  per  cent '.....  161.5 

Heat  carried  off  by  flue  eases  per  pound  of  coal 2,506  B.t.u. 

Heat  taken  up  b.v  water  in  boiler  per  pound  of  coal      10,650  B.t.u. 

Total  heat  furnished  per  pound  drj'  coal 14,720  B.t.u. 

Heat  radiated  per  pound  dr>'  coal 1,564  B.t.u. 

Heat  carried  o!*  by  flue  gases,  per  cent 17.1 

Heat  loss  by  radiation,  per  cent 10.63 

Thermal  efliciency  of  boiler  plant,  per  cent.; 


Da 


Night 

Test 

Cost  of  1000  lb.  of  steam . 
Cost  per  hp.-hr..  cent. .  .  . 
Cost  per  kw.-hr.,  cent . . . . 


Hp.  output: 
D.iy.. 
Night.. 
Test... 


Pounds  coal  fired  per  hp.  per  hour 

Day 

Night 

Test 

Pounds  steam  per  lb.  coal  as  fired; 

Dav 

Night 

Test 

Pounds  steam  per  hp.  per  hr 

Dav 

Night 

Tct..' 

Thermal  efficiency,  per  cent.: 

Day 

Night , 

Test 


18.2 
0.494 
0.662 


2,0OR.fi 

S67.7 

1,. 578.7 


10.92 
10.19 
10.64 

13.50 
22  4 
14.97 

14.15 
7.94 

12.4 


An  average  of  23,600  lb.  of  water  per  hour  was  used 
in  the  power  boilers,  27,135  lb.  per  hour  during  the  day 


and  19,-435  lb.  jDer  hour  for  the  night.  The  lieating  boiler 
used  an  average  of  5930  lb.  per  hour  for  the  entire  test, 
while  an  average  of  5280  lb.  per  hour  of  makeup  water 
was  added  to  the  total  feed  supplied.  The  equivalent 
evaporation  per  square  foot  of  heating  surface  per  hour 
for  the  seventy-two  liours  was  1.66,  and  the  coal  con- 
sumption per  square  foot  of  grate  was  9.25  lb.  This  gave 
an  equivalent  evaiioration  from  and  at  212  deg.  F.  of 
11.91  lb.  of  water  per  pound  of  combustible.  The  data 
covering  the  flue  gases  are  made  up  of  the  totals  of  CO, 
CO;  and  0  readings  taken  during  the  five  shifts  over 
which  the  tests  extended. 


CO 
0  20 
0.50 
3.40 
0.20 
1.20 

Total....   5.50 
Average 0. 183 

CO 

CO 


o. 


o 

21.2 


13  09 

.  0  IS 
..  6.49 
.13.09 


Tot; 


. 19 . 76 


N,  per  cent 80 .  24 


Temperature  Hue  gas  —  427  deg.  F. 


Per  Cent. 


Moisture  . 

Ash 

Hydrogen . 

Oxygen 

Carbon . . . . 
Sulphur. . . 
Nitrogen.. 


100.00 
COST  OF  OPER.\TION  PER  HOUR  (110  HOURS  PER  WEEK) 

Repairs  at  $335  per  month .$0  761  per  hour 

Oil  and  waste  at  $175  per  month. .  0  398  per  hour 

Labor  (dav)  at  $130  per  week 1 .  180  per  hour 

Labor  (night)  at  $75  per  week 0  681  per  hour 

Coal,  weight  burned  per  hour.  2219  lb.,  at  $4.40  per  ton 4.780  per  horn- 
Total $7. 800  per  hour 

Cost  per  horsepower-hour  Cc-t   per  kilowatt-hour 

780  00       „   .„,     __,  7,80  00  X  1000 

1579 


=  0.494  cent 


=  0.662  cent 


1579  X  746 

A  heat  balance  for  the  seventy-two  hours  showed  that 
of  the  available  heat,  72.8  per  cent,  went  for  making 
steam,  17  per  cent,  was  carried  away  by  the  flue  gases  and 
10  per  cent,  was  radiated  away.  The  coal  consumption 
per  horsepower-hour  as  fired  was  1.23  lb.  for  the  day, 
2.21  lb.  for  night,  and  1.11  lb.  over  the  seventy-two  liours. 


Fin.  3.  The  1000-Kw.  Lnw-Pi!i-:ssuuE  Tuhbine         Fio.    I.   ATMnspirEuic  Coolinci  Towkh  on  the  Koof 
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The  quantity  of  steam  per  horsepower-hour  was  13.5  lb. 
during  the  day,  22.4  lb.  for  the  night,  making  it  14.97 
lb.  for  the  entire  test  period.  The  night  results  all 
through  the  test  were  comparatively  poor,  chiefly  because 
at  this  time  the  engine  and  the  turbine  were  running 
under  half  load. 

The  vacuum  at  the  turbine  was  maintained  very  high, 
A  trifle  above  29  in.  The  barometer  registered  an  average 
of  30.02  in.  for  the  entire  period,  or  an  equivalent  of 
14.78  lb.  atmospheric  pressure. 

Distribution  of  Pukchased  Power  Charge 

Tests  made  prior  to  the  installation  of  the  low-pressure 
turbine  showed  that  for  the  '104-hr.  week  an  average 
of  1021  hp.  was  being  developed.  This  gives  106,184  hp.- 
Iir.  per  week.  The  corresponding  coal  consumption  was 
;j.55,990  lb.,  giving  3.345  lb.  coal  per  horsepower- hour. 
These  were  the  results  obtained  under  noncondensing 
reciprocating-engine  conditions.  Before  the  low-pres- 
sure turbine  was  used,  about  300  hp.  was  purchased 
from  the  city  at  $35  per  horsepower,  tlie  purchased 
power  costing  at  this  rate  $10,500  per  annum. 


for  the  reason  that  when  the  power  was  purchased  it  cost 
$10,500  a  year,  which  on  the  basis  of  a  104-hr.  week,  50 

weeks  per  year,  gives  1,560,000  hp.-hr.  or  —4 ^  = 

^      -^       '  "  '       '  '  1,560,000 

0.672c.  per  hp-hr. 

At  present,  power  is  produced  for  0.494c.  per  horse- 
power-hour, giving  a  difference- of  0.672  —  0.494  = 
0.178c.,  which,  on  1,560,000  hp.-hr.,  totals  $2776.08.  As 
this  300  hp.  is  still  being  used  it  would  not  be 
correct  to  charge  off  the  entire  amount  of  $10,500. 
The  amount  to  charge  off  is  the  difference  between  what 
this  300  hp.  formerly  cost  and  wfiat  it  now  costs.  Tliis 
difference  is  $2776,  and  is  all  that  should  be  charged  off 
in  the  plant's  favor.  If  one  were  hypercritical,  he  could 
justly  further  reduce  this  amount  by  deducting  sufficient 
to  cover  the  interest,  insurance  and  depreciation  on  300 
hp.  of  the  1000-kw.  turbine.  It  is  apparent  then  that  in- 
.stead  of  there  being  a  saving  of  $10,500  to  offset  the  $10,- 
000  now  needed  for  heating,  there  is  only  $2776,  giving 
$10,000  —  2776  =  $7224  to  be  deducted  from  the 
amount  saved  on  the  total  power  produced.  Figured  from 
the  coal  pile,  this  saving  is  $31,460,  which  minus  the 


principal  EQllPMENT  OF  JENCKE'S  SPINNING  CO  'S  PLANT,  PAWTUCKET.  R.  I. 
No.  Equipment  Kind  Size  Use  Operating  Conditions 

2  Boilers Water  tube 520  hp Power 

1  Boiler Water  tube 250  hp Power ", ..'..'.[".'.    '.    ' 

1  Boiler Water  tube 400  hp Heating .\[ .[[[[]][[.[[[.]...]...[.  _ 

1  Engine Simple   Corliss       .   850  hp.  30x60  in.  Power Belled;  exhausts  to  low-pressure  turbine . 

1  Engine Simple  Corliss 400  hp.  24x4S  in.   Power Belted;  exhausts  to  low-pressure  turbine   . 

1  Turbine Low-pressure 1000  kw Generator  drive — direct R.p.m.  surface  condenser 

1  Generator .Mternating  current  1000    kw..     3- 

pha.sc Power  and  light. ..-. 60  cvcle,  turbine  driven 

I  Motor Synchronous 395  hp.  600  volts  Power Belted  to  line  shaft 

1  Condenser ..  .    Surface .  .   4800  sq.ft.  tubes.   Vacuum  for  turbine With  cooling  tower;  29.3  in.  vacuum  in  winter 

1  Cooling  tower  Atmospheric 90x20x30  ft Cooling  condenser  circulating  water 

1  Air  pump Wet  type  (Rotrex) Surace  condenser 

1  Pump Centrifugal Circulating  water,  condenser driven. 

I  Pump Duplex  plunger Feedwater Water  from  hot  well. ...!!.!!!!!!!.. ! 

I  Heater Closed Feedwater 

NOTE;    The  coal  is  furnished  by  S.  P.  Burton  &  Co.,  Boston,  Mass. 


Maker 
Babcock  &  Wilcox  Co 
Babcock  &  Wilco.f  Co. 
Babcock  &  Wilcox  Co. 
Harris  Steam  Engine  Co 
Harris  Steam  Engine  Co 
General  Electric  Co. 

General  Electric  Co. 
General  Electric  Co. 
C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
Henry  R.  Worthington 
Henry  R.  Worthington 


The  data  given  above  for  the  seventy-two-hour  test  made 
after  the  turbine  was  installed  show  that  1578  hp.  was 
averaged,  and  that  the  coal  con.sumption  was  1.41  lb. 
per  horsepower-hour,  giving  a  difference  in  fuel  con- 
sumption between  noncondensing-reciprocating  engine 
and  low-pressure  turbine  conditions  of  3.345  —  1.41  = 
1.935  lb.  per  horsepower-hour.  If  this  last  amount  is 
multiplied  by  1578,  which  represents  the  load  in  horse- 
power for  a  week,  we  get  3053.33  lb.  or  1.375  long  tons 
per  hour.  For  the  usual  104-hr.  week  the  fuel  saving 
on  this  basis  amounts  to  104  X  1.375  =  143  long  tons. 
If  the  plant  runs  fifty  weeks  per  year  (allowing  for  holi- 
days) the  yearly  saving  is  143  X  50  =  ''150  tons.  As 
the  price  paid  for  the  coal  is  $4.40  per  ton,  the  yearly  sav- 
ing on  this  basis  is  $31,460. 

But  imder  the  new  conditions  no  exhaust  steam  is 
available  for  heating  as  there  was  when  the  plant  was  op- 
erating noncondensing.  From  the  report  we  learn  tliat 
for  the  seventy- two-hour  test,  conducted  Apr.  1,  2  and  3, 
when  the  average  outside  temperature  was  43.9  deg.  F., 
there  was  an  average  of  47,736  lb.  of  coal  burned  in  the 
heating  boiler.  After  making  due  allowances  for  the 
factors  influencing  the  consumption  of  coal  for  heat- 
ing, one  concludes  that  $10,000  per  year  is  a  liberally 
fair  per  annum  charge.  Prior  to  using  the  turbine  the 
cost  of  purchased  power  (300  hp.)  was  $10,500  a  year, 
and  fhis  charge,  which  ceased  when  the  turbine  went  into 
service,  goes  a  long  way  toward  balancing  the  $10,000 
required  for  heating  now  that  the  turbine  uses  the  ex- 
haust steam. 

There  is  no  true  balance  between  these  items,  however. 


$7224  gives  $24,236,  exclusive  of  overhead   charges,  as 
gain  on  a  yearly  output  of  1,560,000  hp.-hr. 

Allowing  $20  as  the  cost  per  kilowatt  of  the  turhinc  in- 
stalled and  $7  per  kilowatt  for  the  condenser,  cooling 
tower  and  pumps,  the  cost  of  the  turbine  installation  be- 
comes $27,000.  If  12  per  cent,  is  allowed  for  overhead 
charges,  the  net  yearly  saving  is  $21,000. 


Use  of  Close  Nipples — It  is  a  difBcult  matter  to  make  tight 
joints  where  close  nipples  are  in  sizes  as  large  as  S  in.,  as 
there  is  not  enough  space  for  the  use  of  a  Stillson  wrench. 
If  the  threads  on  the  nipples  are  not  perfect,  considerable 
trouble  will  be  experienced.  They  are  also  difficult  to  repair. 
Nipples  for  the  larger  sizes  of  pipe  should  be  at  least  S  in. 
in  length. 

Slippage  of  Reciprocating;  Pumps — It  is  folly  to  assume  a 
general  figure  of  5  per  cent,  as  the  slippage  of  reciprocating 
pumps.  As  shown  by  test  results  the  slip  may  be  anything 
from  5  to  85  per  cent.,  depending  on  the  condition  of  the 
pump,    the   discharge    pressure   and    piston    speed. 

If  a  pump  is  not  I<ept  in  good  order  the  slip  may  in- 
crease rapidly,  even  if  the  running  conditions  are  kept  con- 
stant. The  following  data  are  available  concerning  slippage 
tests   on   a   40-million-gal.  pump; 

Slip,  per  cent. 

June    10     1.7 

June  26    5.2 

Aug.   8    7.8 

Aug.   15    12.4 

Sept.  15    20.0 

Sept.   18    22.9 

Oct.    14 28.5 

From  such  tests  engineers  are  beginning  to  understand 
that  they  cannot  assume  the  slip  of  their  pump  to  be,  say.  5 
per  cent.  They  are  beginning  to  realize  that  there  is  a  wide 
range  of  values  of  slip,  and  that  for  the  economical  operation 
of  their  plant  they  must  determine  how  they  can  reduce 
slippage  to  a  minimum. 
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By  Chakles  C.  Teujip 


SYNOPSL"^ — Details  of  construction  of  a  66-in.  Hum- 
phreij  pump  for  Det  Rio,  Texas.  Tim  pump  is  much  sim- 
pler than  the  English  design  and  the  working  parts  have 
been  standardized. 

sS 
The  first  Hiimplirey  pump  to  be  installed  in  the  United 
States  of  a  size  c-oniparalile  with  tliose  in  operation  at 
Cliingford,  England,  will  l>e  used  i'or  irrigation  work  on 
the  G.  Bedell  Moore  estate  near  Del  Eio,  Texas.  In  design 
it  differs  from  the  English  type  in  several  important  de- 
tails, tlie  requirements  of  American  pumping-engine  prac- 
tice, as  well  as  experience  with  the  Humphrey  pump 
abroad,  having  made  it  advisable  to  simplify  the  construc- 
tion. Furthermore,  the  opportunity  for  standardizing 
tiie  working  parts  to  fit  a  line  of  different-sized  pumps 
lias  ))ceu  seized  and,  wherever  jwjssiblc.  as  in  the  case  (if 


Fi(i.  1.     Elevatiox  of  Installation 

the  water  valves,  that  type  of  construction  has  been 
adopted  which  has  stood  the  test  in  years  of  service. 

As  seen  in  Fig.  1,  this  ])unip  lias  the  shape  of  a  short- 
legged  V,  the  play])ipe  extending  up  the  bank  of  the  Rio 
Grande  at  an  angle  of  4.5  deg.  with  the  horizontal  from  a 
two-part  bend  of  Kio  deg.,  upon  which  the  water  valves, 
and  above  them  the  vertical  power  cylinder,  are  set. 
The  upper  end  of  the  playpipe  is  emi)edded  in  a  concrete 
surge  tank  while  the  lower  end,  including  the  bends,  is 
firmly  held  in  reinforced  concrete,  which  forms  the  bot- 
tom of  tlie  pump  well ;  the  walls  are  carried  high  enough 
to  keep  out  the  flood  waters.  Two  gate  valves  control 
the  flow  from  the  river  into  this  well,  one  to  be  operated 
and  set  l)y  hand,  the  other  to  l)e  regulated  liydrauJically 
by  a  float  gear  to  maintain  the  ])roper  level  over  the  intake 
valves  of  the  pump.  On  an  operating  floor,  just  above  the 
intake  water  level,  are  the  aiixiliaries  for  starting,  igni- 
tion, etc.,  while  all  the  gas  and  exhaust  piping  is  arranged 
vertically  in  the  well,  leaving  space  annind  t\w  cylinder 
for  convenience  of  operation. 

A  gas  holder  of  500  cu.ft.  capacity  has  been  provided 
to  take  care  of  the  intermittent  demands.  Instead  of  a 
water-sealed  gas  receiver  near  the  pump,  a  longer  vertical 
tank  of  smaller  diameter  will  stand  against  the  wall  of 
the  well  nearest  the  gas  holder  and  will  be  connected  to 
the  latter  aiwve  by  short  ])ipes,  and  below,  through  a 
check  and  throttle  valve,  with  the  gas  belt  of  thi!  pumj). 


This  receiver  will  be  strong  enough  to  withstand  any 
explosions  that  may  occur  by  reason  of  air  in  the  gas  line 
on  starting;  these,  in  any  event,  would  probably  blow  the 
water  seal  of  the  gas  holder.  The  short  connection  be- 
tween the  receiver  and  the  pump  will  make  it  possible  for 
the  latter  to  draw  a  full  charge  on  each  stroke  without 
appreciable  reduction  in  pressure. 

A  300-hp.  Akerlund  down-draft  producer  will  furnisli 
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Fio.  2.     PrMi'  AssEMHLEP,  Except  foi;  Pi.w  Pipe 

gas  for  tlie  pump  and  be  capalde  of  gasifying  cither  soft 
coal  or  mcsquitc  wood.  The  latter  is  obtainable  by  the 
neces.sary  clearing  of  the  land  to  be  irriga'ted  and  will  be 
used  alone  or  in  combination  with  semi-bituminous  coal 
until  the  supply  is  exhausted,  after  which  soft  coal  will  be 
used  entirely. 

In  a  recent  test  of  this  ])ruduccr  with  mcsquite,  tlie 
following  ri'suKs  were  ol)taincd  : 

Oas  vconor.Ttcd  per  piiund  of  wood B4.7  cu.ft. 

Heat  viilue  of  gas  jmr  cubic  foot 114.6   B.l.u. 

Wood  per  square  foot  of  Ore  area 20.8  lb. 

Wood   pi>r  horsepowiT-hour 1.76  lb. 

The  cl<Mning  apparatus  will  consist  of  only  the  usual 
two  tower  scrubbers — a  coke  .scrubber  and  a  dry  scrublicr. 
The  gas  will  Uv.  sujiplied  under  jircssure  to  the  pum)>  by 
means  of  a  pressure  blower.    AVater  for  cooling,  scrubbing 
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and  sealing  the  ashpits,  as  well  as  that  vaporized  in  the 
producer,  will  he  furnished  by  a  triplex  plunger  pump. 
The  power  required  to  drive  the  producer  plant  auxiliaries 
will  amount  to  8  or  10  hp.,  and  this,  together  with  that 
required  for  the  pump  auxiliaries,  will  be  furnished  by 


Power 


Fig. 


Watei;- Valve  Cage 


one  of  two  gas  engines  of  15  lip.,  either  of  which  will  be 
suJficient  for  starting  the  plant  and  operating  the  neces- 
sarj'  auxiliaries  continuously. 

The  auxiliaries  for  the  pump  proper  consist  of  a  two- 
cylinder  compressor  for  starting  by  air  and  gas,  a  ]iunip 
for  draining  the  well,  and  possibly  a  crane  hoist  for  liaiid- 
ling  water-valve  cages,  etc. 

Ignition  apparatus  and  electric  lights  will  be  supplied 
by  a  direct-current  generator  driven  by  one  of  the  gas 
engines.  A  duplicate  set  of  storage  batteries  with  inter- 
rupters to  operate  the  jump-spark  ignition  has  been  pro- 
vided with  an  arrangement  for  charging  from  the  power 
and  lighting  circuit. 

Pump  Details 

On  top  of  the  bend  is  set  the  box  for  the  water-intake 
valves  with  its  'Tiat"  unit  construction,  as  shown  in 
Fig.  2.    The  box  itself  is  a  steel  casting,  weighing  in  the 
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Fig.  4.     Mixture  and  Exhaust  Belts 

neighborhood  of  .3000  lb.,  and  having  openings  for  16  hats 
or  cages  (see  Fig.  3)  containing  25  valves  each,  or  a  total 
of  400.  The  valve  cages  are  semi-steel  castings,  into 
which  the  valve  seats  of  manganese  bronze  are  forced  with 
a  taper  fit.  The  water  valves  are  of  the  standard  Under- 
writers' type  and  of  5  in.  diameter,  the  rather  large  size 
being  permissible  in  view  of  the  slower  speed  and  more 


gradual  closing  in  the  Humphrey,  as  compared  with  other 
pumps.  Because  of  considerable  sand  in  the  ri\er  water, 
the  valve  disks  will  be  made  of  a  composition  instead  of 
rulj1)er. 

The  cylinder  above  the  water-valve  box  forms  j)art  of 
tlie  combtistion  chamber,  and  is  of  riveted  steel-plate  pipe 
GO  in.  inside  diameter  and  89  in.  long.  The  plate  is 
I;";  ill.  thick,  with  triple-riveted  Inttt-strap  joints  inside 
and  out. 

The  belt  for  gas  valves  shown  in  Fig.  2  contains  the 
important  working  parts  of  the  pumping  engine.  The 
belt  itself  is  a  steel  casting  weighing  about  7500  lb.,  and 
is  in  the  form  of  a  double-walled  section  through  which 
there  are  openings  for  the  inlet  and  exhaust  valves. 
In  all,  there  are  20  of  these  openings,  all  at  one  level; 
12  are  for  exhaust  valves  and  eight  for  inlet  valves. 
In  order  to  have  an  even  distribution  of  flow  of  the  gases 
into  and  out  of  the  cylinder,  these  openings  are  arranged 
in  groups  of  two  for  mixture  and  three  for  exhaust  sep- 
arated by  a  dividing  rib  (see  Fig.  4),  which  runs  bver  the 
exhaust  valves  and  under  the  mixture  valves,  around 
the  annular  space  between  the  outer  and  inner  walls  of 
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Fig.  5.     Inlet-  and  Exhaust- Valve  Units 

the  Ijelt  itself.  Thus  the  belt  is  divided  into  an  upper 
chamber,  having  a  rectangular  opening  to  which  the  gas 
pipe  is  connected,  and  a  lower  chamber  with  two  larger 
openings  for  attaching  the  two  nonreturn  valves  and  the 
exhaust  pipes.  The  reason  for  leading  the  exhaust  gases 
downward  is  to  allow  any  water  carried  with  them  to  drain 
olf. 

Each  mixture-valve  cage  is  assembled  as  a  unit  and, 
as  shown  in  Figs.  5  to  7,  contains  a  double,  flat-faced 
bronze  valve  of  the  mushroom  type  with  a  tuliular  stem. 
The  outer  end  of  the  valve  stem  is  threaded  inside  for 
a  locking  nut  or  head,  which  is  fastened  by  an  expanding 
bolt  acting  inside  the  quarter-threaded  projection.  The 
seat  on  which  the  valve  works  is  also  double  faced,  there 
being  two  concentric  openings  of  equivalent  area;  the 
inner  one  is  for  air  drawn  directly  throtigh  the  cage  cover 
around  the  \alve  stem  and  the  outer  one  takes  gas  from  the 
upper  chamber  of  the  belt.  This  arrangement  keeps  the 
tar  or  other  impurities  which  may  be  carried  in  the  gas 
as  far  as  possible  from  the  moving  stem.  On  the  cage 
cover  is  carried  the  locking  lever  hung  on  a  pivot  stud 
and  so  set  as  to  allow  the  hooked  end  to  wedge  tmder 
the  stem  head,  without  the  aid  of  a  spring,  and  lock  the 
valve  tight.  The  upper  end  engages  with  a  lug  on  the 
interlocking  chain,  which  displaces  the  lever  to  unlock 
the  valve. 

The  spring  which  closes  the  mixture  valve  is  adjustable, 
and  a  throttle  plate,  Fig.  8,  is  provided  for  controlling 
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tlie  supply  of  air  to  ha  mixed  with  the  gas;  a  setscrew 
holds  the  adjustment. 

The  exhaust-valve-cage  unit,  also  shown  in  Figs.  5  to  7, 
is  interchangeable  with  that  for  mixture  and  differs  from 
it  in  only  a  few  details.  The  valve  is  also  of  the  mush- 
room tvpe,  but  has  only  one  flat  face  at  its  outer  circum- 
ference.    This  makes  it  lighter,  wiiich  is  advantageous, 
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Fig.  (i.     Valve  Uxits  Dis.vssEiriiLEii 

since  tlie  exliaust  valve  is  closed  with  some  violence  by  the 
rising  of  water  in  the  cylinder.  The  valve  is  opened  by 
an  outside  spring  and  much  depends  upon  getting  it  open 
immediately  at  the  end  of  expansion  to  atmospheric  pres- 
sure, so  as  to  draw  in  a  full  volume  of  scavenging  air 
by  the  subsequent  suction.  This  air  is  drawn  in  through 
the  exhaust- valve  cage  directly.  A  spring-closed  scaveng- 
ing valve  (see  Fig.  7),  which  has  its  .seat  against  the  in- 
side of  the  exhaust-cage  cover,  prevents  the  products  of 
combustion  from  escaping  into  the  air,  and  the  nonreturn 
valves  outside  tlie  belt  keep  the  exhaust  gases  from  re- 


following  the  power  stroke,  and  to  lock  the  exhaust  valves 
and  unlock  the  mixture  valves  to  admit  gas  and  air  during 
the  charging  stroke,  which  follows  the  first  compression  of 
the  cushion  and  precedes  the  compression  of  the  new 
charge.  This  is  accomplished  by  a  sprocket  roller  chain 
stretched  about  the  belt  above  the  gas  valves,  and  carrying 
lugs  which  engage  the  locking  levers  of  the  exliaust  valves 
in  one  direction  and  the  mixture- 
valve  levers  in  the  other.  The  chain 
is  moved  by  a  shifter  operated  by  a 
small  spring-loaded  piston  in  a  cylin- 
der connected  with  the  play  pipe. 
Every  time  the  pressure  in  the  play 
pipe  rises,  as  it  does  both  with  the 
explosion  and  with  the  /"cushion," 
the  piston  pushes  the  chain  over.  The 
mecbani.sm  is  such  that  the  explosion 
causes  the  chain  to  move  toward 
tlie  upper  ends  of  the  exhaust-valve 
locking  levers  and  unlock  the  ex- 
haust valves.  Tlie  cushion  simply 
^»»^         I       ▼  pushes  the  shifter  the  other  way  and 

***  Fvh^n^r  unlocks    the    mixture    valves    which 

were  allowed  to  lock  before  by  the  ac- 
tion of  gravity  on  the  locking  levers. 
The  shifter  is  connected  to  the  chain 
through  a  shaft  to  one  of  the  sprock- 
ets on  which  the  chain  rides.  Fig.  9 
shows  the  head  of  a  similar  but  smaller  pump,  with  the 
chain  and  shifting  mechanism  attached. 

A  better  idea  of  the  operation  of  this  shifter  may  be 
gained  by  reference  to  Fig.  10.  When  the  pressure  in 
the  play  pipe  falls,  the  large  spring  forces  the  shifter  piston 
to  the  right,  drawing  the  spear-headed  connecting-rod 
back  away  from  the  upper  pin  on  the  tee  lever.  A  small, 
tension,  toggle  spring,  connecting  a  pin  on  the  lever  with 
a  pin  on  the  spear-head,  is  not  as  strong  as  the  large 
spring  on  the  piston,  but  it  immediately  tends  to  piiH 
the  connecting-rod  into  a  straight  line  of  centers.    Thus 
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turning  into  the  cylinder  instead  of  to  the  fresh  air.  In 
case  tile  products  of  coiiiliustion  left  in  tiic  belt  contamin- 
ate too  much  the  small  cusliion  volume,  separate  .scaveng- 
ing valves  may  be  necessary  on  the  stecl-platc  rylimler. 
Upon  the  interlocking  mechanism  depends  the  operation 
of  the  four-stroke  cycle.  Bearing  this  in  mind,  it  is  net- 
essary  to  lock  the  mixture  valves  during  the  expansion 


when  the  )iiston  has  returned  to  its  initial  position,  the 
socket  of  the  spear-Jicad  is  in  a  position  to  engage  with 
the  lower  pin  on  the  lever.  The  next  rise  of  pressure, 
therefore,  will  j)usli  the  lever  over  and  thus  move  the  chain, 
which  interlocks  the  valves  in  tlie  opposite  direction.  The 
sharp  point  on  the  spear-head  and  the  small  pin  which 
is  to  be  seen  umler  the  toggle  Npring  near  the  center  of 
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the  tee  lever  make  it  practically  impossible  for  the  pis- 
ton to  move  imder  the  influence  of  pressure  without  engag- 
ing one  or  the  other  sides  of  the  lever.  In  this  way  the 
alternate  locking  and  unlocking  of  the  mixture  and  ex- 
haust valves  is  'accomplished,  and  the  duration  may  be 
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In  addition  to  the  igniters  the  domed  head  is 
pierced  with  numerous  holes  to  admit  air  and  gas  for 
.starting.  Tliis  is  accomplished  in  a  simple  manner 
l)y  pumping  in  a  mixture  by  means  of  the  two-cyl- 
inder compressor,  pumping  air  and  gas  in  proper  pro- 
j)ortions  by  separate  pi])es  to  a  tee  just  outside  the  dome. 
The  first  cyUnderful  of  inflammable  mixture  fired  above 
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varied  to  produce  the  correct  effect  upon  the  combus- 
tion. 

To  make  the  ignition  system  reliable  under  the  condi- 
tions peculiar  to  the  Humphrey  pump  has  been  no  small 
task.  The  presence  of  water  in  the  combustion  chamber 
made  electric  ignition  the  only  possibility,  and  beset  that 
with  difficulty.  Both  high-tension  jump-.spark  and  low- 
tension  electromagnetic  make-aud-break  or  arc  systems 
have  been  developed.  Besides  these  two  powerful  sys- 
tems,  which   are    provided  for    each    pump    in    dupli- 


FiG.  10.     Section  through  Shifter 

the  water  in  the  play  pipe  will  be  enough  to  start  the 
column  and  fill  the  play  pipe  with  water ;  it  may  not  even 
be  necessary  to  pump  in  another  charge  under  compres- 
sion to  get  "the  pump  in  motion  for  steady  operation. 

The  pump  has  l)een  designed  and  built  by  the  Hum- 
plirey  Gas  Pump  Co.,  of  Syracuse,  N.  Y.  under  Hum- 
plirey  patents  and  those  of  W.  H.  Smythe,  the  latter 
having  done  ])ioneer  work  in  this  line. 


By  J.  S.  A.  Johnson 

In  a  direct-acting  steam  pump  the  stroke  is  not  of  con- 
stant length.     Consequently,  in  determining  the  power 
with  an  indicator,  the  usual  formula 
PL.iN 
33,000 
does  not  apply  unless  the  length  of  stroke  L  be  meas- 
ured at  the  time  the  diagram  is  taken. 

A  better  plan  is  to  ascertain  the  piston  travel  corre- 
sponding to  one   incli  of  length  of  indicator   diagram, 
either  measured  or  calculated  from  the  reducing  motion, 
and  modifv  the  Tisunl  I'onmda. 
Let 

L  =  The  length  of  stroke  in  feet ; 
A  =  Area  of  the  piston  in  square  inches; 
N  =    Number  of  strokes  per  minute ; 
;S'  =  Scale  of  indicator  spring ; 
;//   =  Length  of  the  diagram  in  inches; 

-  =  R  =  Piston  tra\'el,  per  inch  of  diagram  length  ; 


Area  of  the  diagram  in  square  inches. 


aS 


.  then 


Fig.  9.    Givs  Head  of  Smaller  Pump,  Showing  Chain 
in  Position 

c  ate,  there  is  also  a  conventional  set  of  automobile  spark 
coils,  plugs  and  storage  batteries  arranged  to  fire  the  in- 
itial charge  in  the  cylinder  by  hand  with  a  switch  or  push- 
Ijutton.  All  of  the  siiark  plugs  for  these  ignition  systems 
are  placed  in  the  cylinder  head.  The  induction  coils  are 
fastened  as  near  to  their  respective  plugs  as  possible  to 
reduce  the  danger  of  leakage  of  high-voltage  discharges 
and  are  protected  so  far  as  i)ossil)le  from  moisture. 


(2) 


The   mean  effective  pressure  P  l)eing  equal  to 

the  familiar  formula  becomes 

'  aSLAN    _  a  SEAN 

^^^"  ~  m  X  33,000  ~  33,000 
It  will  be  seen  from  formula  (2)  that,  in  calculating 
the  power  it  is  only  necessary  to  count  the  number  of 
strokes  per  minute  and  measure  the  area  of  the  diagram. 
This  method  would  in  fact  be  more  convenient  for  cal- 
cidating  the  power  of  all  types  of  engines,  as  the  value 
of  the  product  SR  in  formula  2  is  simply  the  number 
of  foot-pounds  per  square  inch  of  piston  area  per  stroke 
for  each  square  inch  of  the  diagram. 
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A  starting  imloader  lor  motor-driven  eomi3ressors,  in 
which  the  motor  current  is  cut  out  or  in  to  stop  or  start 
the  compressor  when  a  maximum  or  minimum  load  is 
reached,  has  recently  been  put  on  the  market  by  the 
Yarnall-Waring  Co.,  Chestnut  Hill,  Philadelphia,  Penn. 

The  unloading  action  is  obtained  by  the  velocity  of  the 
air  pressure  passing  through  the  chamber  and  by  the  va- 
riation of  the  receiver  pressure. 

The  compressor  is  unloaded  when  the  speed  is  reduced 
al)out  twenty-five  per  cent.;  by  this  action  any  recoil  on 
the  last  re\olution  experienced  when  stopping  against  a 
load  is  oljviated. 

When  the  motor  starts,  the  air  is  bypassed  to  the  at- 
mosphere until  the  desired  speed  is  obtained,  at  wliich 
point  the  bypass  valve  closes  and  the  air  passes  to  the  re- 
leiver  until  the  predetermined  pressure  at  which  the  cur- 
rent is  cut  out  is  reached.  Then  the  bypass  is  opened 
by  the  receiver  pressure  and  trigger  against  tlie  unload- 
ing piston.  "With  the  compressor  unloaded,  the  intake  air 
has  then  a  ]iractically  free  passage  through  the  cylinder, 
u  ith  a  resultant  loolini;  effect  until  the  machine  stops. 


tlie  check  valve  to  lift  freely.  T  is  a  fixed  pin  for  hold- 
ing the  dashpot  bushing  in  place. 

The  receiver  pressure  to  operate  the  trigger  mechanism 
enters  the  trigger  cylinder  N  through  the  port  0  and 
filter  P,  and  acts  on  the  piston  R  to  close  the  bleeder 
valve  when  the  pressure  is  within  3  lb.  of  the  maximum. 

As  soon  as  the  motor  current  is  cut  out  and  the  speed 
is  reduced  about  23  per  cent.,  the  check  valve  A  seats  and 
presses  down  the  lever  Z,  lifts  the  pilot  valve  U,  admit- 
ting pressure  from  the  chamber  T'  through  the  tube  IF, 
behind  the  piston  B.  The  bypass  valve  D  is  forced  open 
by  the  piston  rod  X. 

"When  the  receiver  pressure  has  dropped  about  3  lb.,  or 
any  predetermined  amount,  the  tension  springs  Y  pull 
down  the  trigger  piston  A'  and  the  bleeder  valve  S.  After 
starting  again  and  the  velocity  has  closed  the  bypass 
valve  D,  the  accumulating  pressure  in  the  valve  chamber 
blows  out  of  the  pilot  valve  U  and  the  bleeder  valve  .'^ 
xvitil  the  check  valve  .1  lifts  and  the  lever  Z  releases  the 
pilot  valve  and  allows  it  to  close. 

The  tension  on  the  s])rings  F  is  usually  so  adjusted 
fhat  the  pressure  imder  the  piston  A''  closes  the  bleeder 
valve  N  when   within  :>  lb.  of  inaxinniin  and  ojiens  tlie 


Details  of  the  Design  of  the  Uxloader 


The  different  loading  and  unloading  operations  are  de- 
pendent upon  the  speed  of  the  machine  and  are  auto- 
matic. When  the  current  is  cut  out  and  the  compressor 
slows  down,  the  bypass  valve  opens  automatically  and 
unloads  before  the  compressor  stops.  A\'hen  the  current 
is  cut  in,  compression  does  not  occur  until  the  motor  has 
obtained  the  desired  s])eed. 

The  advantage  of  this  unloader  is  that  a  compressor 
."o  efjuippcd  will  ref|uire  less  power  to  start.  Such  a  com- 
|)i'essor  can  therefore  be  driven  by  a  motor  of  less  power 
than  is  ordinarily  used.  The  operating  parts  are  few  and 
simple,  and  consist  of  a  bypass  valve  D.  a  check  valve  A, 
unloading  i)iston  B,  and  the  trigger  (".  Tne  detailed 
o|)eration,   referring  to   tlu!   illustrations,   is  as  follows: 

Tlie  air  from  the  compressor  discharge  port  enters  at 
the  bottom  of  the  unloader  and  ])asses  tlirough  the  open 
valve  D  to  the  atmosi)here  at  E  until  tlie  bypass  valve  D 
is  closed  by  the  velocity  overcoming  the  tension  of  the 
spring  F.  The  air  then  lifts  the  check  valve  and  pa.sses 
to  the  receiver,  connected  at  G.  The  check  valve  .1  is  con- 
trolled by  the  daslifiots  77  and  J  to  prevent  its  seating  at 
every  stroke;  the  time  of  seating  is  regulated  liy  the  vent 
.'■crew  A'.  The  small  valve  L  is  a  vacuum  breaker  to  allow 


valve  when  the  pressure  has  dropped  that  much.  To  pre- 
vent any  possible  leakage  past  the  pilot  valve  U  from  act- 
ing on  the  ])iston  B  and  forcing  the  bypass  valve  D  open, 
a  minute  hole  is  drilled  at  V  to  permit  this  air  to  escape. 

Just  before  unloading  occurs,  the  bleeder  valve  S  closes 
and  allows  the  full  pressure  to  act  on  the  piston  B.  While 
loading  it  is  kept  open  to  prevent  the  pressure  from  act- 
ing on  the  piston.  The  halUe  washer  IV  is  to  prevent  any 
cylinder  oil  which  nuiy  blow  out  of  the  bleeder  valve  from 
coming  in  contact  with  the  jjiston  Ji.  The  unloader  is 
generally  placed  on  the  dischai'ge  port  of  the  compressor 
cylinder,  but  it  may  be  put  anywhere  in  the  discharge  line 
near  the  cylinder,  and  its  eflicient  operation  will  not  bo 
hindered. 

The  adjustment  of  the  unloader  to  the  recjuired  condi- 
tions of  the  compressor  is  particularly  simple.  \V]\en  the 
compressor  is  near  the  desired  speed,  the  locknut  Q  is 
backed  away  and  the  thrust  screw  I  is  turned  in,  thus 
moving  the  bypass  valve  D  toward  its  seat  until  it  is 
closed  automatically  by  the  velocity  of  the  escaping  air; 
then  {he  locknut  is  set  up. 

When  the  receiver  pressure  is  within  about  3  lb.  of 
the  maximum  or  cutting-out  point,   the  springs  on  the 
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trigger  are  so  adjusted  that  the  pressure  under  the  piston 
R  closes  the  bleeder  valve  S,  and,  conversely,  opens  the 
valve  v'hen  the  pressure  has  dropped  the  same  amount. 
After  these  two  single-spring  adjustments  have  been  made, 
the  compressor  is  ready  for  its  regular  work  under  the 
required  conditions  of  speed  and  pressure. 


The  unloader  in  no  way  controls  the  starting  and  stop- 
ping of  the  motor ;  it  merely  unloads  the  compressor  and 
keeps  it  so  until  it  is  again  started  and  up  to  the  required 
speed.  The  control  of  the  motor  current  is  accomplished 
by  some  one  of  the  standard  controlling  switches  and  cir- 
cuit-breakers. 


DOS    O 


By  Fkancis  II.  Davies 


SYNOPSIS — Practical  wayn  of  aitacMng  electric  mo- 
tors to  walls,  ceiliiijj.s  or  coluinns  so  as  to  secure  both  rigid- 
ity and  neat  appearance. 

'^. 
The  placing  of  electric  motors  in  out-of-the-way  po- 
sitions on  walls,  ceilings  or  columns  often  introduces  prob- 
lems of  .•^ome  little  difficulty,  tienerally  speaking,  many 
ways  of  meeting  such  cases  will  occur  to  the  practical 
man,  but  the  less  experienced  erector,  having  little  in  the 
way  of  precedent  to  guide  him,  may  find  the  accompany- 
ing illustrations  of  service. 

Wall  suspension  introduces  the  least  difficulty,  but  it  is 
essential  first  of  all  to  make  sure  that  the  wall  or  beam 
is  capable  of  withstanding  tlie  strain,  not  only  of  the 
belt  pull,  but  also  of  continual  vibration.  There  are 
no  rules  governing  the  former  point,  which  must,  there- 
fore, be  left  to  experience,  but  the  effects  of  vibration 
may  be  diminished  to  a  large  degree  by  inserting  a  good 
hair  felt  or  rubber  pad  between  the  base  of  the  motor  and 
the  wall.  In  such  cases  it  is  necessary  also  to  bush  the 
bolt  holes  in  the  base  with  a  similar  substance  and  to  in- 
sert suitable  isolating  washers  under  the  iron  washers 
to  prevent  vibration  being  transmitted  through  the  bolts. 
Figs.  1  and  2  show,  respectively,  the  simplest  and  most 
usual  methods  of  bolting  to  timber  and  brick  or  con- 
crete walls.  Tliey  are  self-explanatory  and  it  is  necessary 
only  to  mention  that  the  anchor  plates  on  the  outside  of 
the" wall  should  be  of  large  area  so  as  to  distribute  the  pull 
as  much  as  possible.  Expansion  bolts  may  be  employed 
for  small  motors,  but  for  those  of  any  size  the  bolts 
should  extend  through  the  walls. 

A  smooth  seating  for  the  motor  is  very  necessary, 
otherwise  it  will  l)e  likely  to  set  up  vibration  and  become 
loose  as  the  projections  upon  which  it  rests  wear  down. 
For  this  reason  it  is  always  advisable  to  interpose  a  piece 
of  felt  as  before  mentioned,  or,  failing  this,  a  sheet  of 
lead  will  he  satisfactory.  If  it  is  essential  that  the  motor 
should  operate  in  its  normal  upright  position,  it  must  be 
installed  upon  a  bracket  mounted  on  the  wall,  as  in  Figs. 
;3  and  4.  The  first  of  these  is  of  wooden  construction  and 
is  useful  for  small  motors.  It  is  composed  of  two  brackets 
placed  a  suitable  distance  apart  and  fitted  with  a  sub- 
stantial wooden  platform  to  which  the  motor  is  loolted. 
The  members  are  held  together  by  coach  screws,  but  the 
joints  should  be  as  accurate  as  possible  in  the  interests 
of  strength.  If  preferred,  a  piece  of  boiler  plate  makes 
an  excellent  substitute  for  the  wooden  platform.  The 
bracket  shown  in  Fig.  4  is  constructed  of  angle  iron  and 
is  suitable  for  any  size  of  motor  that  would  be  installed 
in  such  a  position.  It  is  best  to  rivet  the  shelf  to  the 
angle-iron  supports,  using  rivets  with  countersunk  heads 
to  allow-  a  smooth  surface.    If  the  motor  is  comparatively 


liglit  it  is  possible  to  dispense  with  the  bottom  struts, 
stout  angle  steel  being  used  to  support  the  bracket.  In 
this  case,  however,  it  is  better  to  substitute  two  triangular 
or  gusset-shaped  jjieces  of  plate,  riveting  a  piece  of  angle 
iron  to  the  upper  edge  to  allow  the  platform  to  be  bolted 
down  and  another  to  the  edge  that  bears  on  the  wall  to 
carry  the  fixing  bolts.  Practically  every  wall  fixing 
problem  may  be  met  by  one  or  other  of  the.se  means  with 
slight  modifications. 

The  fixing  of  motors  to  ceilings  or  horizontal  beams 
may  introduce  a  great  variety  of  problems.  Attachment 
to  timber  rafters  or  beams  is  generally  a  simple  matter 
which,  in  the  ordinary  way,  calls  for  no  comment,  but 
unusual  conditions  sometimes  arise,  such  as  those  de- 
picted in  Figs.  5  and  6.  The  pitch  of  the  bolt  holes  in 
the  motor  base  will  seldom  be  found  to  corres])ond  to 
tiie  jjitch  of  the  floor  beams,  and  ordinarily  tills  diffi- 
culty will  be  met  hy  bolting  a  timber  platform  to  the 
latter  and  fixing  the  motor  to  this.  Should  such  a  method 
be  undesirable  or  impossible,  an  alternative  means  employ- 
ing steel  brackets  is  shown  in  Fig.  5.  They  may  have  to 
be  specially  made,  and  almost  certainly  will  have  to  be 
specially  drilled,  but  the  method  is  worth  a  little  extra 
expense  as  it  is  both  rigid  and  neat.  It  also  permits  of  a 
fairly  wide  range  of  bolt-hole  pitch,  as  the  brackets 
may  be  placed  either  outside  the  beams  or  inside  if  the 
pitch  of  the  latter  is  too  great. 

The  design  shown  in  Fig.  (>  was  cm])l()yc(i  where  it 
was  desired  to  suspend  a  motor  from  the  ceiling,  but  at 
the  same  time  to  operate  it  in  its  normal  vertical  jiosition. 
Tlio  use  of  structural  steel  would  make  a  neater  and  bet- 
ter job  than  timber,  but  tlie  latter  is  cheaper  and  will  be 
satisfactory  if  the  work  is  well  carried  out  witli  sea- 
soned material.  It  is  desirable  to  place  the  motor  as 
close  to  the  ceiling  as  possible,  so  as  to  keep  the  vertical 
struts  short  and  afford  maximum  rigidity.  It  is  also 
well  to  place  a  pad  of  hair  felt  under  the  motor  base, 
as  this  will  minimize  vibration,  which,  in  course  of.  time, 
will   deteriorate   any   wooden    structure. 

Attaching  to  steel  girders  is  generally  straightforward 
work  and  it  is,  therefore,  unnecessary  to  touch  upon  it 
here ;  Fig.  7,  however,  shows  a  convenient  form  of  bracket 
which  may  be  employed  where  an  extension  of  the  girder  , 
flange  is  necessary. 

The  increasing  use  of  concrete  in  buildings  introduces 
difficulties  in  motor  fixing,  which  must  be  met  by  special 
means.  If  the  architectural  and  engineering  design  can 
be  worked  in  together,  bolts  or  sockets  can  be  placed  in  the 
ceilings  as  the  building  work  proceeds,  thus  saving  trouble 
and  expense.  This,  unfortunately,  is  not  always  possible 
and  more  often  the  erector  has  to  deal  with  a  finished 
buildiuo-.     Figs.  8,  9  and  10  illustrate  methods  which 
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liave  lieen  employed  in  tlie  attaeliinciit  of  motors  to  con- 
irete  beams.  The  arrangement  shown  in  Fig.  8,  whicli 
involves  tho  use  of  %-in.  hoolved  bolts  sunk  and  grouted 
into  specially  drilled  holes  in  the  concrete,  is  suitable  for 
light  weights  and  small  powers.  The  cradle  is  built  up 
of  i-h.-nuel  iron  in  the  manner  shown,  Ijut  may  be  equally 
well  constructed  of  timber  if  preferred. 

Fig.  9  is  a  design  suitable  for  larger  powers,  L-bolts 
being  employed,  but  it  is  inferior  to  the  method  shown 
ill  Fig.  10,  which  is  strong  enough  to  meet  any  ordinary 
case  of  ceiling  suspension.  Eye-bolts  are  used  in  con- 
junction with  a  bolt  piercing  the  concrete  beam.  The 
.-;triugers  are  formed  of  iron  channels  jjlaced  back  to  back 
and  the  cross-pieces  which  directly  support  the  motor  are 
also  of  channel  section.  These  will  probably  not  be  re- 
quired in  every  case,  for  if  the  size  of  the  motor  base 
pennits,  it  can  be  bolted  directly  to  the  main  stringers, 
thus  economizing  in  height,  material  and  labor.  One  or 
other  of  these  designs  modified  to  suit  the  actual  condi- 
tions should  meet  all  ordinary  cases  of  ceiling  suspension 
from  concrete  beams. 

In  the  attachment  of  motors  directly  to  columns  or 
to  structures  supported  by  columns,  the  weight  and  horse- 
l)ower  of  the  motor  and  the  nature  of  the  columns  must  be 
taken  fully  into  account.  Fixing  direct  is  only  advis- 
able where  small  powers  are  concerned  and  in  the  case  of 
timber  beams  a  small  wooden  bracket  is  easily  constructed. 
It  is  safer,  however,  to  strengthen  the  arrangement  by 
the  addition  of  vertical  supports,  and  a  column  bracket 
designed  on  these  lines  is  illustrated  in  Fig.  11.  Here 
the  weight  is  divided  between  the  column  and  the  legs  of 
the  bracket,  which  should  be  tied  to  the  floor  or  to  the 
!)ase  of  the  column.  Such  brackets  should  be  kept  as  low 
as  possible  in  order  to  increase  their  stability.  Brackets 
for  structural-steel  columns  present  no  difficulty,  as  they 
are  easily  constructed  out  of  angle  iron  and  plates,  the 
sections  being  riveted  together  and  bolted  or  riveted  to  the 
girder  flanges.  It  is  advisable  only  to  support  compara- 
tively small  motors  in  this  manner,  and  the  larger  sizes 
should  be  carried  on  stringers  of  structural  steel,  erected 
between  two  convenient  columns,  on  the  lines  indicated 
in  Fig.  12. 

Attaching  to  concrete  columns  is  a  more  difficult  mat- 
ter, and  it  is  undesirable  to  install  anything  but  small 
motors  in  such  a  location.  A  simple  but  effective  method 
suitable  for  a  light  motor  is  illustrated  in  Fig.  13.  Two 
U-shaped  %-iu.  bolts  encircle  the  column  and  a  stout  tim- 
ber base  board  is  thus  securely  bolted  to  it.  In  order  to 
jirevent  slip  the  bolts  should  be  sunk  into  the  back  of 
the  column  as  shown ;  failing  this,  vibration  will  in  time 
weaken  the  hold  unless  the  motor  is  very  small.  It  is  ob- 
vious that  the  methods  illustrated  in  Figs.  8,  9  and  10 
may  also  be  applied  in  securing  attachment  to  concrete 
columns  if  tlie  details  are  suitably  modified. 

;^ 

Direct  and  Indirect  Labor — We  often  take  offense  at  some- 
thing merely  because  the  thing  is  misnamed,  says  "American 
-Machinist."  "Nonproductive  labor"  is  a  term  that  carries 
with  it  a  wronK  idea.  It  is  a  misnomer.  The  contrast  is 
productive  against  nonproductive.  And  the  natural  conclu- 
sion is  that  work  so  classed  should  be  dispensed  with  merely 
because  it  is  labeled  "nonproductive."  The  substitute  terms 
that  are  fortunately  growing  in  favor  are  "direct  labor"  and 
"indirect  labor."  They  are  descriptive  and  convey  no  wrong 
idea.  Therefore  say  direct  instead  of  productive,  and  indirect 
instead  of  nonproductive  labor. 


©if     ISOnlleir     V<fB^t<ST 

By  R.  N.  Robeutsok 

The  following  observations  were  made  on  one  of  a  bat- 
tery of  seven  boilers  in  an  effort  to  account  for  the  large 
amount  of  water  that  jjassed  over  to  the  engines  when- 
ever there  was  a  sudden  heavy  overload.  This  took  place 
with,  apparently  a  moderate  amount  of  water  in  the 
boilers. 

The  original  arrangement  of  the  water  column  with  the 
connections  is  shown  in  Fig.  1.  The  later  arrangement 
is  shown  in  Fig.  2.  Siiuc  making  the  original  obsor^a- 
tioiis  of  the  apparent  water  level  as  shown  by  tlic  two 
glasses  on  the  original  installation,  nil  the  glasses  liaxc 
been  changed  anil  connected  as  shown  in  Fig.  2.  aiid  rcly- 


FIG.I.  FIG. 2  "•   i» 

Methods  of  Con'necting  \V.\tei;  Coiatjixs 

ing  upon  the  water  level  as  indicated  by  the  present  ar- 
rangement very  little  water  has  been  carried  over. 
observations 

, — Water  Level — , 

Gage  rres-          Col.  Col. 

sure.  Pounds      No.  1.  No.  2. 

perSq.ln.         Inches  Inches                             Remarks 

Boiler   cold    ...      3%  3%               Fire  just  started. 

26    SVs  51/4 

40    3  5  Vii 

50    2%  6 

60    2  %  6 

80    21/2  614 

100     2  6  '.^               Boiler  not  on  the  line. 

100     1%  6-;i               Boiler  working  on  the  line 

The  tabulated  observations  show  that  column  No.  1 
(as  originally  installed  and  connected)  indicates  about 
5  in.  less  water  than  is  actually  in  the  boiler  dnini 
under  working  conditions. 

A  calculation  based  on  the  temperature  of  the  boiler 
water  at  100-lb.  gage  pressure  (atmospheric  pressure 
about  13  lb.  abs.)  and  a  temperature  of  100  deg.  F.  in 
the  lower  connection  to  the  water  column,  indicates  that 
No.  1  column  (as  originally  installed  and  connected)  will 
sliow  about  4.6  in.  less  water  than  is  actually  in  the 
boiler.  This  is  due  to  the  difference  in  temperature  of 
the  water  in  the  upcast  leg  of  the  boiler  and  that  in  the 
downcast  leg  from  the  bottom  of  the  water  column.  In 
this  case  the  apparent  water  level  was  :i\C,  ft.  above  the 
point  at  which  the  downcast  leg  from  the  water  column 
entered  the  water  leg  of  the  boiler. 

The  observations  emphasize  the  necessity  of  making 
the  connections  to  the  water  column,  and  especially  the 
bottom  connection,  as  .short  and  direct  as  possible.  Par- 
ticularly should  there  be  avoided  long  vertical  pipes  lead- 
ing from  the  bottom  of  the  column  and  making  connec- 
tion low  down  on  the  boiler. 

Apparently  No.  2  water  column  is  a  little  affected  by 
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the  circulatiou  in  the  l)oiler,  due  to  rapid  sfteaming,  as 
the  apparent  water  level  rose  ^4  i".  when  the  boiler  went 
into  active  operation  on  the  steam  header.  This  circu- 
lation also  apparently  affected  Xo.  1  column  also  but,  as 
might  be  expected,  in  the  opposite  direction,  the  water 


level  in  this  column  dropping  14  in.  when  the  boiler 
began  to  steam  freely. 

At  the  time  the  observations  were  made  column  No. 
1  and  column  No.  2  were  simultaneously  in  use  on  the 
same  boiler. 


By  NoRjrAN  6.  Meade 


SYNOPSIS — Dircclions  for  making  and  assembling  coni- 
mulalor  segments  from  scrap  copper,  with  the  tools  ordi- 
narilii  arailablc  around  a  plant. 

'0. 

Where  there  are  many  direct-current  motors  in  use,  re- 
filling of  worn-out  commutators  becomes  a  factor  of  con- 
siderable importance.  The  delay  in  securing  new  parts 
from  manufacturers,  especially  if  the  machine  is  several 
years  old,  often  causes  serious  annoyance.  This  consider- 
Atiou  and  the  matter  of  reducing  the  cost  of  repairs  led 


Mo/es  for  doffzl 
.  pins 


cess  or  groove  corresponding  to  the  shape  of  the  desired 
segment. 

From  the  scrap  pile  discarded  copper  wire  of  the  ])roper 
size  was  selected  and  the  insulation  burned  off,  which,  at 
the  same  time  softened  the  copper.  The  wire  was  then 
cut  into  lengths  a  little  greater  than  the  required  length 
of  tlie  finished  commutator  and  the  die  and  the  co]iper 
stock  were  taken  to  the  blacksmith  shop.  The  up]ier  steel 
block  of  the  die  was  raised  sufficiently  to  insert  a  piece  of 
the  cojiper  and  the  die  placed  under  the  steam  hammer. 


Commufafor  Segment 


st^e);^ 

■Blocks. 
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'     1      ^ 
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AM)    Cl.AMI'IXO    SlXiXIENTS 


the  writer  to  devise  a  simple  method  of  refilling  comnni- 
tators  at  a  comparatively  small  cost,  utilizing  scrap  copjjcr 
wire  for  the  raw  material. 

The  first  operation  was  to  dismantle  the  old  commuta- 
tor, being  careful  to  preserve  the  insulating  rings  at  the 
ends,  if  possible.  From  one  of  the  worn  segments  the 
actual  shape  of  a  new  segment  was  determined  and  a 
sketch  drawn.  This  was  turned  over  to  the  die-maker, 
who  made  a  die  similar  to  the  one  shown  in  Fig.  1,  the  re- 


Generally  one  or  two  blows  were  sufficient  to  shape  the 
piece  of  wire  and  the  new  blank  was  ready.  The  ham- 
mering process  hardened  the  copper  sufficiently  for  use. 
.\  suitable  clamping  device  is  necessary  for  assemii- 
ling  and  holding  the  segments  in  the  proper  form  wiiilc 
boring  out  the  center  and  turning  the  grooves  in  the 
ends.  A  serviceable  clamp,  shown  in  Fig.  2,  can  be 
made  from  odds  and  ends  always  found  around  a  shoji. 
From  sheet  "micanite"  the  oblong  pieces  of  insulation 
should  be  cut  and  the  segments  and  insulation  assem- 
iilcd  in  the  ring  clamp  and  tightened  up.  The  clamp- 
ing ring  is  next  placed  in  a  lathe  chuck  and  the  ends 
and  interior  of  the  segments  finished. 

If  (he  shell  of  the  old  commutator  cannot  be  con- 
veniently used,  a  temporary  arrangement  for  holding 
the  segments  can  be  made  as  in  Fig.  3,  which  is  an  ar- 
bor with  a  tight  and  a  loose  collar  that  conform  in  shape 
to  the  finished  ends  of  the  segments.  This  device  should 
be  attached  to  the  assembled  segments  before  the  clamping 
ring  is  loosened.  The  arbor  with  the  segments  is  then 
])laced  in  a  lathe  and  the  outside  of  the  segments  finished. 
The  segments  should  be  turned  down  to  within  ai)out  a 
half  inch  from  one  end,  so  as  to  leave  a  shoulder  in  which 
slots  can  be  cut  to  receive  the  lead  wires. 

The  arbor  and  segments  should  then  be  transferred  to  a 
milling  machine  for  cutting  the  slots  in  the  shoulder. 
Before  turning  the  outside  of  the  segments,  it  is  well  t" 
Hiake  sure  that  all  are  parallel  to  the  a.xis.  Tills  can  be 
accomplished  as  in  Fig.  4.     Inisert  one  end  of  the  arbor 
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into  a  hole  in  any  true  surface  and  place  a  try-square  as 
indicated.  By  sighting  along  its  edges,  one  can  easily 
determine  whether  the  segments  are  in  line.  If  not,  they 
can  he  driven  into  position  by  slightly  loosening  the  clamp- 
ing nut  and  using  a  small  cold-chisel  and  a  light  hammer. 

It  is  advisable  to  make  up  several  sets  of  segments  at 
one  time,  so  as  to  have  a  reserve  stock;  the  assembled 
segments  can  be  held  in  shape  for  instant  use  by  band- 
ing them  as  in  Fig.  5.  The  banding  is  done  after  the 
turning  is  completed,  but  before  the  segments  are  removed 
from  the  clamping  collars  on  the  arbor. 

By  following  this  method  of  refilling,  new  commutators 
can  be  made  at  small  cost  and  without  delay. 

Adsipftnia^  Oldl    Eqj^apsiaeinitt   (to 


By  D.  p.  Morrison 

In  any  large  establishment,  changes  in  requirements  or 
load  often  render  an  individual  unit  unsuitable  for  fur- 
ther use  in  a  given  location,  and  the  problem  of  fitting 
such  equipment  to  other  needs  and  locations  is  often 
difficult  of  solution.    The  following  is  an  example: 

A  steam-driven  compound  air  compressor  having  12-in. 


extension  blocks  C  to  the  air  cylinder.  With  the  rods  cut 
to  suit  the  new  position  of  the  air  cylinders,  the  machine 
was  ready  for  the  motor  drive. 

It  was  decided  to  use  a  silent-chain  drive  of  sufficient 
size  to  overcome  the  difficulties  often  had  in  compressor 
work  and  reduce  the  speed  to  125  r.p.m.  to  favor  the 
equipment  and  keep  the  horsepower  down.  The  580- 
r.p.m.,  three-phase,  60-cycle  motor  gave  a  ratio  of  about 
4.G  to  1  and  a  chain  speed  of  about  1450  ft.  per  min.  A 
ll/2-iu.  pitch  chain  9  in.  wide  at  this  speed  is  ordinarily 
rated  by  the  builder  at  100  hp.,  but  this  figure  was  not 
considered  liberal  enough  for  a  compressor  drive,  so  a 
chain  14  in.  wide  and  sprockets  without  spring  centers 
were  put  on. 

Another  problem  was  to  secure  room  for  the  sprocket  of 
this  width  between  the  flywheel  and  main  bearing  with- 
out making  another  crankshaft,  because  the  large  part  of 
the  shaft  was  not  long  enough  to  accommodate  both 
wheels.  A  collar  or  sleeve  was  shrunk  on  the  shaft  and 
turned  down  to  the  large  size  of  the  shaft.  After  the  hub 
was  clamped  on,  it  was  held  in  place  by  three  ^-in.  set- 
screws  on  each  side,  extending  through  the  sleeve. 

The  control  is  of  the  unloading  type  in  which  the  low- 
pressure  intake  is  entirely  closed  and  the  high-pressure 
discharge  is  opened  to  the  atmosphere.     This  governor 
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The  Compressor  with  Motor  Attached 


duplex  steam  cylinders  and  air  cylinders  of  IIV^-  and 
1814-in.  bore  by  14-in.  stroke,  was  released.  A  shortage 
of  air  in  the  car-repair  yard  elsewhere  required  increased 
capacit}',  but  as  no  steam  was  available  there,  this  com- 
pressor was  useless  unless  some  other  drive  could  Ije  ar- 
ranged. An  electric  drive  for  the  compressor  was  worked 
out,  as  illustrated.  In  the  original  machine  the  steam 
cylinder  on  each  side  was  between  the  air  cylinder  and  the 
frame  girder,  and  owing  to  the  difference  in  diameter  be- 
tween the  steam  and  air  cylinders,  the  girders  could  not 
be  attached  directly  to  the  latter.  It  was  necessary  to  de- 
sign a  yoke  B  to  which  the  girder  could  be  bolted  through 


unloads  the  motor  to  15  per  cent,  of  full  load  and  is  set 
for  a  ten-pound  variation.  For  example,  it  unloads  at 
90  lb.  and  runs  unloaded  until  the  pressure  drops  to  80 
lb.,  when  the  compressor  again  takes  the  load. 

This  compressor  has  now  been  in  continuous  operation, 
ten  hours  per  day,  for  four  months  without  any  evidence 
of  distress ;  in  fact,  its  iipkeep  is  less  than  for  a  similar 
steam-driven  machine.  j 

A  Test  for  Pump  Valves — Leaks  i/i  pump  valves  wUl  show 
by  the  pump  failing  to  maintain  a  vacuum  within  itself  when 
the  suction  valve  is  closed.  ■ 
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syyOPSLS — An  engine  uxing  the  nna-fiow  principle  of 
central  piston-controlled  exhaust  ports,  but  having  an 
auxiliary  single-beat  poppet  exhaust  valve  about  midwaij 
between  the  end  and  the  middle  of  the  cylinder  to  avoid 
excessive  compression  when  the  engine  runs  nonconden- 
sing.  The  auxiliary  valve  cuts  in  automatically  if  the 
vacuum  is  lost  and  ceases  operating  when  it  is  restored. 
Steam  rates  of  16.78  lb.  with  moderate  superheat  and 
19.16  lb.  with  dry-saturated  steam  noncondensing  are 
claimed. 

The  iina-flow  engine  has  been  in  use  in  Europe  for  sev- 
eral years,  and  the  economy  obtained  by  it,  together  with 
its  simplicity,  has  led  to  its  rapid  adoption  abroad.  The 
principle  involved  has  for  its  object  the  elimination  of 
one  of  the  greatest  losses  in  reciprocating  steam  engines. 

With  the  una-tiow  engine,  the  steam  enters  the  cylin- 
der at   tile   ends,   after   ]>assing   through   steam-jacketed 
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Superheating  has  also  been  employed,  but  it  caunot  be 
effected  without  some  cost  in  installatioh  and  operation 
and  it  does  not  entirely  remove  the  difficulty. 

By  avoiding  the  cooling  of  the  clearance  surfaces  in  the 
design  of  the  cylinder  itself,  it  is  possible  to  obtain  in  a 
single  cylinder  as  many  expansions,  with  as  good  or  better 
economy,  as  can  be  obtained  in  a  compound  or  triple-ex- 
pansion engine;  and  the  practical  advantages  of  the 
simpler  valve  gear,  the  smaller  amount  of  cylinder  and 
gear  hibrication  required  and  the  higher  mechanical  ef- 
ficiency will  appeal  to  all  engineers. 

In  the  una-flow  engine  as  ordinarily  built,  compression 
begins  as  soon  as  the  piston  covers  the  central  exhaust 
ports  and  continues  during  some  ninety  per  cent,  of  the 
stroke,  which,  even  with  small  clearances,  does  not  cause 
it  to  mount  above  the  initial  pressure  so  long  as  the  engine 
is  operated  condensing,  with  a  fairly  good  vacuum,  as  is 
the  almost  universal  practice  in  Europe. 


Fig.  1.  The  Universal  Un.vflow  Exoine 


Iliads;  and,  after  cutoff  and  expansion  have  taken  place,  it 
is  exhausted  througii  ports  arranged  around  the  center  of 
the  cylinder,  which  are  uncovered  by  the  ]>iston  at  the  end 
<>(  tiic  stroke.  The  steam  has,  consequently,  a  flow  in  but 
1  lie  direction — hence  the  jihrase  "uni-dircrtioiial  How."  of 
which  "una-flow"  is  a  derivative. 

Tu  the  counferflow  engine  tlie  steam  relnrns  on  its  path 
at  the  end  of  the  stroke  and  is  exhausted  at  the  same  end 
of  the  cylinder  at  which  it  entered.  By  this  nu-thod,  the 
I  old  expanded  sfeani  of  considerable  volume  washes  the 
rylinder  walls  and  head  during  fifty  to  seventy-five  per 
<  I'nt.  of  the  return  stroke,  thereby  cooling  them  to  such  an 
I  \tcnt  that  tiie  high-pressure  slenm.  when  it  is  again  ad- 
mitted, is  cooled  or  coiulensed  !)y  coming  in  contacf  with 
tiic  head  and  clearance  spaces  of  the  cylinder  which  have 
just  l)eon  cooled  by  tiie  expanded  exhaust  steam. 

It  is  this  cooling  effect  that  causes  what  is  termed 
'•initial  condensation"  which  is  largely  eliminated  in  the 
una-flow  engine,  where  fhe  ends  are  ke])t  hot  and  the  cen- 
ter or  exhaust  belt  cool. 

It  wa,!?  to  remedy  this  fundamental  defect  of  the  coun- 
ferflow engine  that  successive  expansion  stages  were  re- 
Mjrted  to,  as  in  compound  or  triple-expansion  engines. 


If  the  engine  should  be  operated  noncondensing,  how- 
ever, the  compression,  starting  almost  at  the  beginning 
of  the  return  stroke  and  with  atmospheric  pressure  in- 
stead of  vacuum  in  the  cylinder,  would  become  so  exces- 
sive as  to  be  detrimental  to  the  engine  unless  large  clear- 
ances were  provided. 

In  America,  where  some  ninety  per  cent,  of  the  steam 
engines  installed  operate  noncondensing,  modification 
was  necessarj'  to  meet  this  condition,  and  the  engine 
under  review,  and  shown  in  Fig.  1,  was  designed  by  L. 
(i.  Skinner,  of  the  Skinner  Engine  Co.,  Erie.  Penn.,  for 
lbi<  purpose.  Its  essential  feature  is  an  auxiliary  ex- 
haust valve  al  that  point  in  the  cylinder  where  it  is  usual 
to  sliirt  compression  in  a  counferflow  engine. 

The  una-flow  principle  is  not  sacrificed  nor  its  efl"ect 
vitiated,  as  the  volume  of  expanded  steam  ready  for  ex- 
liaust  is  still  emjjtied  from  the  cylinder  through  the  cen- 
tral exhaust  ports,  and  only  the  vapor  at  atmospheric  pres- 
sure remaining  in  fhe  cylinder  between  the-  central  ex- 
haust ports  and  the  auxiliary  ports  is  removed  through 
those  ports  instead  of  being  comprcs.sed  into  a  large  clear- 
ance. 

The  valves  are  not  pla<ed  at  flic  ends  of  (he  cylinder, 
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Fig.  2.     Head  End:    Admission  on  Dead  Center. 

Feame  End:    Exhaust  thkough  Central 

Ports 


Fig.  3.     Head  End  :  Full  Opening  of  Valve.    Frame 

End:    Exhaust  through  Central  Ports 

ABOUT  TO  Close 


Fig.  4.    Head  End  :  Closing  of  Admission  Valve  and 
Beginning  of  Expansion.     Frame  End  :  Dis- 
placement of  Trapped  Vapor  through 
Open  Auxiliary  Exhaust  Valve 


Fig.  .5.    Head  End:  Continuation  of  Expansion. 
Frame  End:   Commencement  of  Compression 
BY  Piston  Covering  Auxiliary  Ex- 
haust Poet 


Fig.  6.    Head  End:  Beginning  of  Exhaust  through 

Central  Exhaust  Ports.     Frame  End: 

Continuation  of  Compression 


Fig.  7.     The  Numbers  Correspond  with  Those  of 

the  Sections  Showing  Positions  of  Piston  and 

A^alves  at  Points  Indicated 


The  Universal  Unaflow  Engine  Operating  Noncondensing 
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the  trapped  stoaiii  to  sweep  the  en- 
vlinder  and  cool  t'le  liot  ends  with 


for  this  would  cans 
tire  length  of  the 
its  washing  effect. 

That  the  una-fiow  principle  is  still  effective  with  this 
arrangement  is  proved  by  the  fact  that  the  Universal  Una- 
flow  engine,  according  to  the  builders'  statement,  gives 
practically  as  good  economy  at  one-fourth  load  as  at  full 
load,  showing  that  the  effects  of  cylinder  condensation 
liave  been  largely  eliminated. 

The  action  of  the  engine,  operating  noucondensing,  is 
descril>ed  in  Figs.  2  to  fi,  while  the  numbers  on  the 
accompanying  indicator  diagram.  Fig.   7,  correspond  to 


Power. 

Fk;.  8.     Tin:  Arxii,iAi;v  Fxiiatist  Valve  C,v..\r, 

tile  numbers  of  tlic  sections  and  indicate  the  ])iisition  of 
the  liead  end  of  thi;  jjislon  in  each  one  of  these  cuts 
except  tiie  '>',  wliiih  refers  to  the  condition  in  the  frame 
end  when  the  ])iston  and  valves  are  as  shown  in   Fig.  5. 

In  Fig.  2.  the  engine  is  shown  on  the  dead  center,  with 
admission  taking  place  on  tiie  head  end  ;  and  at  the  frame 
Drid.  exhaust  continuing  through  the  central  port.  The 
auxiliary  exhaust  valve  is  still  closed.  In  Fig.  :{,  jnst  as 
the  piston  is  aiiout  to  cover  tiie  central  exhaust  ports,  the 
auxiliary  valve  coiiimences  to  open.  Notice  that  ibis 
opening  is  accoinjilislied  when  there  is  exhaust  ])rcssnn' 
nil  both  sides  of  the  val\e,  and  the  valve  opens  against  no 
difference  in  pressure. 

Ill  I'ig.  /),  the  piston  has  passed  over  the  ct\<:v  of  the 
auxiliary  port  and  compression  has  coiimieiiced,  altlioiigli 
the  auxiliary  valve  is  still  open  ami  does  not  close  until 
the  piston  has  nearly  reached  the  end  of  its  stroke.  Hence, 
the  valve  closes  with  exhaust  pressure  on  both  sides  and 
again  against  no  dilference  in  pressure.  The  fact  that 
the  auxiliary  valve  both  opens  and  closes  umler  balanced 
pressure  yiennits  the  use  of  a  single-seated  pojijiet  valve, 
which  involves  less  clearance  than  a  double-seated  valve 
which  the  builders  would  have  been  forced  to  use  if  the 


valves  were  to  open  and  close  against  pressure.  The  clear- 
ance of  the  single-seated  valve  is  claimed  by  the  builders 
to  be  less  than  one  per  cent,  in  most  of  the  engines  which 
they  are  building.  It  also  allows  the  use  of  an  extremely 
simple  and  compact  driving  gear  free  from  excessive 
stresses.  A  spring  of  but  small  tension  is  required ;  in 
fact,  the  valve  has  been  operated  without  any  spring  what- 


Fici.  9. 


CnxDEXSING    AND    NoNCONDENSING    DIAGRAMS 

Taken  10  Seconds  Apart 


exer.  The  spring  is  telescopically  mounted  upon  the  valve 
in  order  that  the  entire  exhaust  gear  may  be  above  the 
floor  and  accessible. 

^VTien  operating  condensing,  the  auxiliary  exhaust 
valves  are  automatically  disengaged  and  remain  closed 
at  all  times  unless  the  vacuum  should  break,  whereupon 
the  valves  are  automatically  placed  in  operation  and  the 
engine  becomes  a  noucondensing  una-flow  engine  again. 

Operating  condensing,  the  Universal  Unaflow  has  a 
steam  rate  comparable  to  that  of  the  European  una-flow 
engine,  with  the  advantage  that  excessive  compression  is 
automatically  prevented  if  the  vacuum  should  fail.  It  is 
this  feature  of  automatically  accommodating  itself  to  both 
condensing  and  noucondensing  conditions  which  led  the 
builders  of  this  engine  to  name  it  the  Universal  Unaflow. 

Fig.  8  shows  the  construction  of  the  auxiliary  exhaust 
valve  gear.  A  is  the  shaft  supporting  the  idler  B,  which  is 
operated  by  the  shear  cam  C.  This  cam  is  operated  by 
the  engine  valve  gear  which  is  connected  to  the  shaft  D 
on  the  outside  of  the  cam  box. 


Fk;.  id.     JMiicTioN  Diagrams  Showing  4.4!)  Per  Cent. 

oh-     |{  AI'KI)     l;0\l) 

W'lii'n  the  cam  ('  raises  the  idler  II.  the  latter  niises  tiie 
single-beat  exhaust  valve,  the  sicni  of  which  projects 
within  a  short  distance  of  the  idler  li.  The  sjiring  anmnd 
the  valve  stem  has  only  enough  tension  to  insure  (|uiek 
closing  when  operating  at  high  speeds.  The  shear  cam 
is  so  designed  that  there  is  practically  no  sliding  action 
on  the  idler,  notb  cam  and  idler  are  of  steel  and  aro 
immersed  in  fiil. 

The  ])ocket  A'  is  connected  to  the  central  exhaust  jiort 
by  means  of  a  small  ])ipe,  and  the  function  of  the  spring 
in  this  pocket  is  to  keep  the  idler,  through  its  attached 
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shaft,  in  register  with  the  stem  of  the  valve  and  the  cam 
C  directly  underneath. 

When  the  vacuum  reaches  a  predetermined  point,  it 
overcomes  the  tension  of  the  spring  in  the  pocket  E  and 
draws  the  shaft  into  the  pocket.  This  in  turn  shifts  the 
idler  to  the  dotted  position  B'  and  out  of  register  with 
the  cam  C,  so  that,  while  the  cam  still  moves  as  before,  it 
cannot  lift  the  valve. 

Therefore,  the  valve  remains  closed  when  there  is  a 
vacuum  in  the  exliaust  pipe,  and  is  kept  tightly  closed  by 
the  force  of  the  vacuum  itself  exerted  on  the  imder  side 
of  the  valve.  The  pressure  in  the  cylinder  acting  on  top 
of  the  valve  also  tends  to  keep  it  closed. 

The  bridge  F  acts  as  a  slide  and  a  rest  for  the  idler 
and  holds  it  at  the  proper  height  so  that  if  the  vacuum 
should  fail,  the  spring  now  asserting  its  force  in  pocket  E 
would  slide  the  idler  between  the  cam  and  valve  stem, 
whereupon  the  auxiliary  exhaust  automatically  begins  its 
functions. 

The  indicator  diagrams  reproduced  in  Fig.  9  were 
taken  from  a  Universal  Unaflow  engine  operating  both 
condensing  and  noncondensing.  They  were  taken  about 
ten  seconds  apart — the  time  required  to  break  the  vac- 
uum. 

Operating  condensing,  it  will  be  noticed  that  the  com- 
pression begins  at  10  per  cent,  of  the  return  stroke,  be- 
cause the  auxiliary  exhaust  valves  are  not  in  operation; 
and  when  operating  noncondensing  the  compression  has 
been  delayed  by  the  means  just  described. 

Labyrinth  or  water-groove  packing  is  used  upon  the 
auxiliary  exhaust-valve  stems.  The  admission  valve  gear 
is  extremely  simple,  consisting  of  one  rocker-shaft,  with 
case-hardened  steel  cams  operating  in  an  oil  bath,  and 
controlling  the  operation  of  the  valve  by  means  of  forked 
levers  on  which  are  mounted  rollers  bearing  against  the 
cams. 

Double-beat  poppet  valves  adapted  to  steam  of  high 
and  low  pressure,  saturated  and  superheated,  are  em- 
ployed. Instead  of  mounting  the  spring  aljove  the  valve, 
as  is  customan,',  it  is  telescoped  in  the  housing,  but, 
of  course,  not  in  the  steam  space.  All  adjustments  of  the 
valve,  cams  and  rollers  are  made  by  one  setscrew  located 
above  the  lifters. 

It  was  the  builders'  motive  to  design  a  valve  gear  ca- 
pable of  operation  at  high  speeds.  This  involved  sim- 
plieitv',  and  there  are  but  twelve  joints  in  the  combined 
admission  and  auxiliary  exliaust  gear. 

The  first  engine  with  this  gear  was  operated,  off  and  on, 
for  nearly  a  year  in  the  builders'  shops,  at  a  speed  of  275 
r.p.m.  It  was  then  placed  in  service,  and  has  now  been 
in  operation  nearly  two  years  on  a  night-and-day  schedule, 
at  a  speed  of  257  r.p.m.  without  repairs  or  renewals. 

The  mechanical  efficiency  of  the  engine  is  remarkably 
high.  Fig.  10  shows  friction  diagrams  taken  from  the 
]60-hp.  engine  illustrated  in  Fig.  \,  operating  at  232 
r.p.m.  The  indicated  horsepower  was  7.19,  showing  a 
friction  loss  of  4.49  per  cent. 

A  recent  test  of  a  400-hp.  engine  showed  a  friction 
loss  of  only  9.06  i.hp.,  which  is  equivalent  to  a  mechanical 
efficiency  of  97.735  per  cent. 

The  economy  of  tliis  engine  when  operating  conden- 
sing is  said  to  be  about  the  same  as  that  of  the  European 
engine,  while  the  builders  claim  a  remarkably  flat  curve 
for  it  when  operating  noncondensing.  Tests  with  satu- 
rated steam  at  12C  lb.  pressure  have  shown  a  water  rate 


as  low  as  10.16  lb.  per  indicated  horsepower-hour  at  one- 
half  load. 

With  steam  at  159  11).  pressure,  superheated  93  deg.  F., 
a  13xl6-in.  engine  operating  noncondensing,  when  tested 
by  the  purchaser's  consulting  engineer,  gave  a  steam  rate 
of  16.78  lb.  per  i.hp.-hr.  at  one  and  one-fourth  load,  and 
17.3  lb.  at  one-fourth  load,  showing  a  practically  flat 
curve  throughout  the  load  range. 

All  of  these  tests  were  made  without  any  special  prep- 
aration of  the  engine,  one  test  ha\'ing  been  made  within 
seven  hours  of  the  time  the  steam  and  exhaust  pipes  had 
been  connected  to  the  engine  on  the  builders'  test  block. 

Several  thousand  horsepower  of  these  engines  are  now 
in  active  service — a  few  on  night-and-day  schedules.  They 
are  built  in  center-crank  and  side-crank  t}T)es,  in  sizes 
ranging  from  150  to  750  hp.  The  Skinner  governor, 
automatic  oiling  system  and  general  design  of  bed  and 
parts  are  \ised. 

By  II.  M.  XiCHOLS 

The  problem  of  properly  heating  and  ventilating  a  dye 
shop  during  the  winter  months  presents  unusual  difficul- 
ties, and  as  a  consequence  the  atmosphere  of  many  dye 
rooms  in  otherwise  well  regulated  plants  is  damp  and  icy 
and  filled  with  vapor  during  the  winter  months.  Under 
tliis  condition,  it  is  not  surprising  that  the  efficiency  of 
these  departments  falls  ofF  materially. 

It  was  the  writer's  good  fortune  to  be  well  acquainted 
with  a  plant  in  which  this  vexing  problem  had  been  so  suc- 
cessfully solved  that  this  department  was  as  well  heated 
and  ventilated  throughout  the  entire  year  as  any  depart- 
ment in  the  plant. 

x\s  is  well  known  to  those  familiar  with  dye-house  ven- 
tilation, the  greatest  trouble  arises  from  the  condensation 
of  the  vaj)or  which  is  continually  rising  in  great  clouds 
from  the  dye  kettles  and  tubs.  When  the  steam  comes  in 
contact  with  the  cold  air  which  is  flowing  in  from  the 
doors,  windows,  etc.,  it  condenses,  rapidly  sinking  toward 
the  floor  and  thus  obscures  the  view. 

In  the  establishment  referred  to,  this  difficulty  was 
overcome  by  the  installation  of  a  double  fan  system.  One 
fan  was  put  in  to  blow  heated  air  along  the  floor  line, 
while  another  was  employed  as  an  exhauster  near  the  roof 
to  discharge  out  of  doors.  With  this  combination,  the 
escaping  steam  was  caught  by  the  up  draft  of  the  incom- 
ing heated  air  and  carried  above  the  heads  of  the  work- 
men, where  it  was  caught  up  by  the  suction  of  an  exhaust 
fan.  The  hot  air  was  taken  from  the  boiler  room  through 
a  conduit  to  the  dye  shop  at  a  nominal  cost  for  operation 
beyond  the  power  necessary  to  drive  the  two  fans.  In 
most  plants,  however,  it  would  probably  be  necessary  to 
heat  the  air  by  means  of  a  steam  coil. 

Copper-Steel — The  use  of  about  %  oi  1  per  cent,  of  copper 
in  steel  greatly  increases  its  resistance  to  corrosion  in  acid. 
That  it  maltes  it  a  better  material  for  use  under  general  con- 
ditions and  better  able  to  resist  the  natural  corrosion  from 
exposure  to  the  weather,  has  yet  to  be  demonstrated. 

m 

Application  for  Jfeiv  Jersey  licenses — Engineers  and  fire- 
men of  New  Jersey  should  immediately  request  applications 
for  licenses  if  they  wish  to  obtain  them  without  examina- 
tion. All  applicants  filing  applications  after  Dec.  31  win  be 
subject  to  examination.  Watchmen  who  handle  boilers  carry- 
ing over  10-lb.  pressure    are  obliged  to  have  firemen's  licenses. 
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SYNOPSIS — Water  wlrirh  irould  run  to  waste  dvring 
the  night  and  SundayH  is  made  to  pump  tvater  from  the 
tail  race  to  an  elevated  reservoir,  tlius  storing  on.ergij  to 
meet  the  day  demand.  The  plant  has  seen  the  derelop- 
ment  from  rope  to  electric  transmission  and  from  an  effi- 
ciency of  o9  per  cent,  to  creditable  modern  performance. 

The  article  treats  of  the  increase  in  capacity  of  a  hy- 
draulic power  installation  on  the  Khine  opposite  the  city 
of  Schatfhausen,  Switzerland.  The  installation  in  question 
existed  some  forty  years  ago  as  a  plant  of  three  hydraulic 
turbines  utilizing  the  energy  of  an  artificial  head  in  the 
river;  two  of  those  turbines  delivering  their  power  across 
the  river  and  for  about  2000  ft.  up-stream  along  its  right 
bank  through  the  medium  of  a,  at  that  time  notable,  sys- 
tem of  wire-rope  transmission  for  the  operation  of  various 
industries  in  that  city,  and  the  remaining  turbine  furnish- 
ing power  through  a  diagonal  line  of  shafting  to  a  con- 
sumer at  the  top  of  the  slope  of  the  left  bank  of  the  river. 

Under  increasing  load  the  multiplicity  of  bevel  gears 
and  shafts  absorbed  a  very  large  share  of  the  attendance 
and  maintenance  costs,  representing  as  well  an  important 
power  loss,  and  as  this  first  installation,  Station  A,  was 
no  longer  able  to  meet  the  demands  on  it  for  power,  the 
water-works  company  in  the  years  from  1887  to  1890 
erected  the  lower  plant.  Station  B,  equipped  with  five 
Jonval  turbines  of  300  hp.  each  at  48  r.p.m.,  and,  like 
the  other  turbines,  fitted  for  rope  drive.  Even  at  that 
time  two  of  these  tive  turbines  were  used  for  electric- 
power  transmission  as  they  operated  two  rope-driven, 
direct-current  generators  for  delivery  of  their  energy 
through  an  overhead  line  to  a  spinning  mill  some  2200 
ft.  distant,  and  the  second  step  toward  electrification 
was  made  when  the  city  of  Schaffhausen  leased  two  of  the 
remaining  turbines  for  the  operation  of  aUernating-cur- 
rent  maciiines  to  supply  the  city  lighting  and  street-rail- 
way systems,  while  in  1900  new  turbines  of  350  hp.  each 
and,  as  in  Station  R,  with  l)cvcl-gcar-driven,  three-phase 
current  gcneiators,  displaced  the  old  rope  drive  in  Sta- 
tion A. 

Intake  and  other  conditions  rcsiilird  in  perceptibh-  iicad 
losses  which,  taken  in  conjunction  with  the  faulty  suc- 
tion effect  of  the  cylindrical  housing  of  the  turbines,  re- 
duced the  efficiency  of  Station  P.  to  30  per  cent.  Improve- 
ments resulted  in  raising  the  turbine  efficiency  alone  by 
about  fiO  per  cent.,  of  which,  however,  11  per  cent,  at  low 
,  water  and  even  10  per  cent,  at  high  water,  disappeared 
again  in  the  form  of  head  losses,  so  that  only  through  a 
complete  rebuilding  of  the  station  could  it  have  yielded  a 
service  commensurate  witli  the  available  water  and  the 
conditions  of  head.  Such  a  rebuilding  received  the  sanc- 
tion of  the  city  authorities  in  10f)5  and  liMitl  in  that  they 
decided  on  redesigning  Station  B  on  an  equipment  i)asis 
of  five  550-hp.  turbines,  iucliuling  one  reserve  unit,  aiul  to 
erect  Station  f  on  the  right  bank  of  the  river  with  a  view 
to  .securing  throughout  the  night  hours  the  energy  of  a 
volume  of  water  up  to  then  unutilizable.  This  last  men- 
tioned station  contains  electrically  driven  pumps  operated 

•TranHl.ited  in  abstract  by  Winiam  F.  Monaiyhan  from  a 
reprint  pamphlet  of  a  contribution  hv  Ini;.  H.  Geiser  to 
"Sclnvcizcrlsclien   Bauzcitung,"  Vol.   I.IV.,  No.   2!'),   1910. 


by  current  generated  in  Station  B  and  delivering  their 
water  at  night  into  a  high-level  storage  reservoir  to  be 
drawn  thence  by  day  for  conversion  into  electric  current 
by  means  of  high-pressure  turbines  and  generators.  Sta- 
tion C  is  designed  for  the  reception  of  four  1000-hp.  iiuits, 
of  which  two  were  put  in  service  in  1909. 

The  fall  at  the  locality  in  question  varies  from,  say 
12.13  ft.  at  high  water  to  about  15.74  ft.  at  low  water. 
The  early  turbine  installation  of  Station  B,  at  the  con- 
ceded minimum  water  volume  of  1400  cu.ft.  per  second, 
yielded  under  the  most  favorable  conditions  of  fall  a 
maximum  of  about  1300  hp.,  measured  at  the  turbine 
shaft.  In  consequence  of  tho  unfavorable  intake  condi- 
tions, such  as  a  contraction  of  its  cross-section  and  two 
right-angle  bends,  added  to  the  hindering  effect  of  the 
two-part  gates  for  shutting  off  the  turbine  chambers,  the 
hydraulic  efficiency  of  the  plant  was  seriously  reduced  as, 
on  a  basis  of  1400  cu.ft.  of  water  per  second  with  the 
referred  to  fall  of  15.74  ft.,  using  modern  turbines  and 
eliminating  the  mentioned  head  losses,  it  is  possible  to 
develop  2000  hp.  It  was,  therefore,  decided  to  install  five 
turbines  of  a  normal  550  hp.  capacity  each  in  place  of  the 
former  300-hp.  units,  one  to  act  as  a  reserve,  and  to  im- 
prove the  intake  so  far  as  pcrmittod  by  local  conditions. 
The  intake  grating  was  placed  ahead  of  the  gates  and  its 
flow  cross-section  materially  increased.  To  utilize  to  the 
best  advantage  the  flow  velocity  of  the  water  in  the  intake 
channel,  and  as  far  as  possible  to  use  the  present  turbine 
chambers,  these  latter  were  built  of  spiral  form  whence 
the  former  swirling  action  and  whirlpool  effect  were  much 
lessened,  the  water  delivery  made  more  favorable  in  spite 
of  the  relatively  small  channel  and  a  moi'e  rational  use 
of  the  fall  permitted. 

The  duplex  Francis  turbine  adopted  utilizes  the  condi- 
tions of  head  to  a  degree  which  it  would  have  been  im- 
l)ossible  to  attain  with  the  simple  turbine. 

The  surjilus  ]iowcr  development  of  the  low-pressure 
Station  B,  availaiile  during  nights  and  Sundays,  deter- 
mined the  capacity  of  the  high-pressure  storage  installa- 
tion, as  may  be  seen  from  the  following:  Of  the  present 
duty  of  about  3050  hp.  available  from  the  two  stations  on 
tho  left  bank  of  the  river  there  are  used  during  niglits  and 
Sundays  for  light  and  ]iower  approximately  550  hp., 
leaving  for  pumping  purjioscs  2500  hydraulic  hp.  for 
Stations  .\  and  B,  or,  say  2000  electrical  hp.  at  the  motor 
shafts  of  Station  C.  With  this  power  88,250  cu.ft.  per 
hour  can  be  delivered  into  the  high-level  reservoir,  so  that 
to  fill  it  requires  30  hours;  a  length  of  time  readily  avail- 
able between  Saturday  e-'ening  and  Monday  morning. 

Prom  the  foregoing  the  following  water  values  arc 
obtained  as  of  the  storage  system: 

Cu.Ft. 

UoRcrvoir    storaKC    capacity 2,fi47,.')0n 

IjPH.m  for  lOMSOs  and  reserve 176,500 

Leaving    norm.aliy    on    hantl 2,471,000 

Pump  delivery  durlne  five  weci<-day  nights 5,295,000 

Thus  affordinK  for  six  days 7,768,000 

Or  for  one  working  day 1,294,300 

llHinK    for    the    maximum    llKhtinR    load    of    1000    hp. 

durlnu    12    hours 46r),9fin 

There  remains  for  power  purposes 82s,340 
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Tliis  amount  of  water  suffices  for  9800  hp.-hr.  per  day, 
or  980  hp.  for  10  hours. 

As  for  Stations  A  and  B,  the  water  for  the  operation 
of  Station  C  is  taken  from  above  the  dam,  but  unlike  them 
Station  C  does  not  return  its  tail  water  to  the  same  source, 
and  hence,  in  effect,  does  not  draw  energy  from  the  Ehine. 
This,  at  first  sight,  seeming  paradox  is  explained  by  the 
before  mentioned  utilization  of  surplus  power  for  the  high- 
level  storage  of  water  afterward  used  to  energize  the  sta- 
tion and  then  so  discharged  as  to  still  be  available  for  an- 


other local  concession,  a  water  right  which  had  to  be  con- 
sidered not  in  any  further  power  development  but  during 
the  rebuilding  which  was  done.  This  arrangement  per- 
mitted the  supply  for  the  storage  reservoir  to  be  pumped 
from  the  sluice  way  leading  to  the  other  concession,  and  at 
such  hours  and  over  such  period  that  the  amount  at  any 
time  did  not  infringe  on  other  local  water  rights. 

The  installation  is  interesting  as  an  example  of  the 
conversion  into  useful  effect  of  previously  unutilized 
energy. 


'Mil; 


SYNOPSIS— Will  Quizz,  Jr.,  does  not  see  how  the  ba- 
rometer gets  in  on  all  tests  of  condensing  plants  or  why 
it  need  be  consulted  in  the  case.    Chief  Teller  makes  it 
look  like  an  ordinartj  vacuum  gage. 
■•*' 

"Tell  me.  Chief,  what  is  a  barometer,  and  how  does 
it  get  into  every  statement  of  conditions  of  tests  of 
condensing  engines?"' 

"Barometer,  my  boy?  Just  another  name  for  vac- 
uum gage — it's  made  up  of  two  words  meaning  'weight' 
and  'a  measure.'  If  j'ou  operated  an  engine  against  a 
back  pressure  above  the  atmosphere.  Will,  you  would 
use  a  steam  gage  to  indicate  it.  If  below  the  atmosphere, 
a  similar  gage,  slightly  modified,  will  answer  for  ordi- 
nary purposes.  But  for  greater  accuracy  and  finer  grad- 
uation, it  is  necessary  to  use  a  gage  more  sensitive. 

'■'I'm  going  to  give  you  a  brief  history  of  the  barom- 
eter; it  will  help  you  to  get  the  idea  clearly,  and  it  also 
is  a  reminder  of  what  was  accomplished  by  some  of  the 
old-timers  as  compared  to  some  of  us  who  think  ourselves 
it.  Torricelli  invented  the  barometer  in  1643.  He  used 
a  glass  tube  about  33  in.  long,  and  closed  at  one  end. 
He  completely  filled  it  with  mercun',  then  put  his  thumb 
over  the  open  end  and  inverted  the  tube  in  a  cup  of  mer- 
cury. When  he  removed  his  thumb,  the  mercury  dropped 
from  the  upper  end  for  some  distance,  but  remained 
at  about  30  in.  above  the  level  of  the  mercury  in  the 
cup.  There  could  be  no  air  in  the  tube  above  the  mer- 
cury, because  it  had  l)een  filled  and  none  could  reach  the 
space  through  the  mercury  after  the  tube  was  inverted. 

"This  proved  that  there  was  pressure  on  the  surface 
of  the  mercury  in  the  cup  sufBeient  to  support  the  column 
of  mercury  30  in.  high  in  the  tube,  on  the  surface  of 
which  there  was  no  pressure.  It  was  then  a  simple  mat- 
ter to  ascertain  the  weight  of  such  a  column  of  any 
height  haxing  an  area  equal  to  one  square  inch  in  sec- 
tion, by  filling  a  tube  and  weighing  it.  It  was  found 
that  30  in.  weighed  14.7  lb.  This,  of  course,  is  atmos- 
pheric pressure.  In  this  manner  Torricelli  established 
and  proved  that  air  had  weight  and  thereby  exercised  a 
pressure  on  everj-thing  surrounded  by  it,  and  that  its 
pressure  varied  according  to  its  density  and  the  eleva- 
tion. At  sea  level  it  is  spoken  of  as  a  30-in.  pressure, 
but  if  the  air  is  filled  with  water  vapor,  which  is  lighter 
than  dry  air,  the  barometer  is  said  to  'fall.' 

"The  effect  of  elevation  was  tested  soon  after  Torri- 
celli's  discovery  by  a  Frenchman  named  Pascal,  who  car- 
ried a  barometer  to  the  top  of  a  mountain  and  found 
that  the  mercury  in  the  tube  fell  several  inches. 


"The  barometers  used  by  mountain  climbers,  air  navi- 
gators, and  others,  to  tell  how  high  they  are  above  sea 
level  do  not  as  a  rule  contain  mercury ;  these  barometers 
are  simple  sensitive  pressure  gages.  Their  construction 
is  also  interesting  and  instructive,  and  I  suggest  you 
look  up  the  whole  subject  at  your  leisure." 

"Now,  tell  me.  Chief, 
how  is  this  applied  to  the 
condenser?  I  know  by 
connecting  the  upper  end 
of  a  glass  tube  (by  a  rub- 
ber tube)  to  the  vacuum 
system  and  having  the 
lower  end  immersed  in  a 
vessel  containing  mercurv, 
that  the  tube  will  be  part- 
ly filled  with  mercur}-,  and 
that  the  inches  of  vacuum 
may  be  measured  witli  a 
rule,  above  the  level  in  the 
containing  vessel,  but  how 
does  it  figure  in  tests  of 
condensing  engines?" 

"Just  this.  Will;  after 
the  test  you  spoke  of  you 
should  try  the  other  sim- 
ple test  and  find  out  what 
it  was  possible  to  get  un- 
der the  atmospheric  con- 
dition. In  that  way,  you 
would  determine  the  be- 
hanor  (or  efficiency)  of 
your  condensing  equipment  and  the  back  pressure  the 
engine  had  to  work  against  at  that  particular  time. 

"This  air  pressure  constitutes  a  back  pressure  directly 
against  a  non-condensing  engine  but  the  slight  difference 
in  the  barometric  reading  from  day  to  day  is  such  a 
small  percentage  of  the  total  back  pressure  that  it  is  not 
often  taken  into  accovmt  with  such  an  engine.  With  the 
condensing  engine,  however,  the  same  difference  woidd 
be  a  large  percentage  of  the  total  back  pressure.  Eacli 
inch  of  mercury  is  equal  to  approximately  one-half  poiuid. 
To  be  e.xact,  multiply  the  height  in  inches  by  0.491, 
which,  you  see,  is  0.009  less  than  one-half,  but  for  prac- 
tical purposes  one-half  is  close  enough.  The  difference 
between  28.5  in.  and  30  in.  would  mean  nearly  three- 
quarters  of  a  pound  difference  in  the  back  pressure. 

"All  of  this  goes  to  show  that  for  comparison  and  tests 
it  is  necessary  to  consider  the  barometric  readings." 


TonRicELLi's  Barometee 
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Engineers  of  all  kinds  will  be  interested  in  tlie  advent 
of  more  efficient  methods  of  municipal  administration,  as 
outlined  by  Henry  j\L  Waite,  city  manager  of  Dayton, 
Ohio,  at  a  recent  joint  meeting  of  engineers  in  Boston. 
Eleven  months'  trial  of  this  plan  of  government  on  the 
largest  scale  thus  far  attempted  in  this  country  gives 
ample  evidence  that  by  its  means  a  city  of  one  hundred 
and  twenty-five  thousand  people  can  be  run  on  a  strictly 
business  basis,  free  from  political  interference,  open  to 
the  fullest  publicity,  and  with  concentrated  responsibil- 
ity in  the  direction  of  every  branch  of  the  muni(  ipal  ser- 
vice. \A'ithout  discussing  the  merits  of  the  city-manager 
plan  as  compared  with  a  straight  commission  or  the  Fed- 
eral form  of  government,  it  is  desirable  to  realize  the 
meaning  of  this  advanced  movement  for  the  engineering 
profession,  for  more  will  be  heard  of  this  matter  in  the 
near  future. 

Fundamentally,  the  larger  problems  of  city  adminis- 
tration are  closely  related  to  engineering.  Water-supply, 
sanitation,  relations  with  public  utilities,  the  conduct  of 
municipal  electric  service,  the  scientific  management  of 
])umping  plants,  highway  construction  and  maintenance, 
motor  transportation,  fire  protection — these  and  manv 
other  issues  either  demand  engineering  advice  for  their 
proper  solution  or  call  for  technical  insight  in  their  ad- 
ministration. More  and  more  executive  duties  are  being 
laid  upon  the  capable  shoulders  of  men  of  engineering 
training  in  connection  with  public  affairs,  and  just  as  the 
great  railroad  systems  and  innumerable  industrial  or- 
ganizations are  putting  engineers  into  the  chairs  of  man- 
ager and  superintendent,  so  communities  with  far-sighted 
appreciation  of  the  analytical  and  constructive  abilities 
of  technical  men  are  turning  to  them  for  help  in  fhe 
.search  for  more  efficient  city  management.  The  oppor- 
tunity before  engineers  qualified  to  enter  this  field  is  one 
of  the  most  notable  that  has  ever  presented  itself  to  the 
profession. 

To  make  a  success  of  this  work  the  engineer  must  take 
himself  in  hand  and  get  entirely  out  of  narrow  ways  of 
thinking  and  acting.  In  his  address  at  Boston,  I^Ir.  Waite 
put  special  emphasis  ujion  the  importance  of  the  engi- 
neer acquiring  tlie  ability  to  talk  on  his  feet  before  those 
whom  lie  wishes  to  persuade  that  a  certain  program  is  ad- 
visable. It  is  not  enough  to  be  al)le  to  write  a  straight- 
forward report  on  a  proposition,  but  a  man  must  be  ca- 
pable of  putting  liis  ideas  into  words  under  the  fire  of 
hostile  questions,  and  of  thinking  and  sjjcaking  clearly 
under  tlic  nio.st  trying  conditions.  Lacking  a  sen.se  of 
humor  which  can  appreciate  a  situation  without  the 
slightest  abatement  in  courtesy,  the  engineer  who  would 
enter  this  field  liad  better  give  up  the  idea.  In  the  past, 
jirobably  scvcnty-dve  per  cent,  of  the  ])rol)lems  "put  up  to'' 
(be  engineer  have  led  him  to  go  o(T  somewhere  by  himself 
and  work  out  a  solution.    Tliis  tends  toward  inbreeding. 


If  an  engineer  is  operating  a  power  plant  equi])ped 
with  safety  device.s,  it  is  reasonable  to  assume  that  a  cer- 
tain amount  of  reliance  wiW  be  placed  upon  their  auto- 
matic operation.  As  a  matter  of  fact,  such  devices  are  so 
common  in  power  plants  that  it  becomes  natural  to  as- 
sume that,  because  they  are  designed  to  act  automatically, 
they  will  always  do  .so. 

This  assumption  really  invites  accident,  not  because 
of  any  fault  in  the  design  or  intent  of  the  device,  but  be- 
cause a  certain  condition  or  conditions  can  arise  which 
will  cause  the  device  to  become  inoperative. 

If  a  man  breaks  an  arm  it  is  impossible  to  use  it  freely 
when  the  splints  have  been  removed,  and  it  is  only  by 
exercising  the  muscles  that  the  free  use  of  the  member 
is  regained.  There  are  certain  members  of  safety  devices 
that  require  frequent  u.se  to  keep  them  in  condition.  If 
they  fall  into  disuse,  the  operating  parts  become  stiff  in 
action,  and  there  is  danger  that  they  will  fail  to  operate 
when  it  is  imperative  that  protection  be  afforded. 

For  instance,  an  engineer  upon  taking  over  a  steam 
plant  tested  the  safety  device  on  the  throttling  governor  of 
a  small  slide-valve  engine,  but  it  did  not  work.  It  had 
been  so  long  since  the  device  had  operated  that  the  mov- 
able parts  were  coated  and  caked  with  oil  and  dirt.  If 
the  engineer  had  not  been  at  hand  to  close  the  throttle, 
in  case  of  a  runaway  the  engine  would  have  been  wrecked. 

Had  the  governor  belt  broken  during  a  day's  run,  when 
no  one  was  near  to  clo-se  the  throttle,  the  chances  are  that 
the  real  cau.se  of  the  wreck  would  have  remained  a  mys- 
tery. 

He  is  a  wise  engineer  who  will  use  those  safety  devices 
which  lend  themselves  to  hand  as  well  as  to  automatic 
control  in  handling  the  macliincry  which  they  should  .safe- 
guard. Steam  turbines  are  equipped  witii  automatic-con- 
trol throttle  valves  designed  to  shut  off  the  steam  in  ca.se 
of  excessive  .speed.  Tiiese  valves  can  be  tripped  by  hand, 
and  the  engineer  who  stops  a  turbine  by  tripping  the  valve 
has  the  assurance  that  it  is  in  working  condition. 

Most  engineers  use  the  automatic  valve  in  shutting 
down  a  unit,  as  they  realize  the  importance  of  positive 
operation.  If  an  automatic  safety  throttle  valve  is  never 
operated  until  there  is  an  emergency  call,  in  all  probabil- 
ity it  will  fail  to  work. 

Not  long  ago  a  large  steam  turbine  was  wrecked  lie- 
cause  the  automatic  throttle  valve  failed  to  work.  Its  de- 
sign was  that  of  hundreds  of  otlier  successful  valves,  but 
it  was  not  used  in  shutting  down  the  unit — in  fact,  it 
had  not  o])cratc(l  for  weeks.  In  consequence,  tlie  valve- 
stem  packing  had  so  liardened  and  stuck  that  when  the 
call  for  automntic  safety  protection  came,  the  failure  of 
the  valve  wrought  disaster. 

Testing  out  such  a  device  is  small  enough  in  itself 
and  takes  little  time,  but  it  will  ])robal)]y  prevent  wreck- 
ing an  expensive  machine  and  .seriously  crijipling  the  ser- 
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uhii-li,  i/  tiirried  to  extremes,  is  fatnl  to  executive  diree- 
tion  or  leaiierslii|i. 

Tl>e  ability  to  look  at  iiruljleins  in  a  larue  way,  to  cul- 
tivate the  controlled  imagination  and  to  reason  out  the 
|irol)ahle  consequences  of  various  policies  and  steps  ought 
not  to  be  dillieult  to  the  engineer,  whose  experience  so 
generally  calls  for  such  qualilications,  althoagh  often  in 
a  very  limited  field.  A  knowledge  of  maievials  and  their 
strength,  a  thorough  comprehension  of  the  principles  of 
mechanics,  steam  engineering,  electricity,  hydraulics,  ma- 
chine design,  a])])lied  mathematics,  and  physical  science 
as  a  whole  will  help  in  the  administration  of  lity  affairs 
in  many  cases  quite  as  much  as  being  well  posted  in  legal 
matters,  and  ])erhaps  even  more  than  the  ability  to  round 
up  votes  in  a  given  district  at  election  time.  The  variety 
of  problems  which  come  before  a  city  executive  of  the 
manager  type  is  almost  beyond  belief;  but  the  fitness  of  a 
man  with  engineering  training,  plus  common  sense  and 
the  ability  to  get  alo:ig  well  with  his  fellows,  for  dealing 
with  questions  far  removed  from  those  of  teehnieal  prac- 
tice is  being  demonstrated  daily. 

It  is  only  a  few  weeks  since  a  great  Boston  charitable 
organization  retained  a  consulting  engineer  to  investigate 
its  efticiericy  as  a  philanthropic  instrument,  and  the  re- 
sulting report,  which  the  engineer  donated  out  of  per- 
sonal interest  in  the  work,  shows  that  it  is  not  only  in  the 
field  of  iron  and  steel  and  steam  that  modern  engineer- 
ing is  enlarging  its  usefulness  to  the  world. 

There  is  a  lesson  for  every  engineer,  however  humble 
and  far  removed  he  may  be  from  public  affairs,  in  the 
broadening  call  upon  the  great  profession  of  which  he  is 
a  part  for  larger  services  to  civilization,  and  as  surely 
as  "he  that  ruleth  his  own  spirit  i;  greater  than  he  that 
taketh  a  city,"  so  surely  will  these  higher  conceptions 
of  engineering  responsibility  and  develo])ment  benefit  the 
individual  as  well  as  the  community  which  takes  tiie  long 
look  ahead. 


Xotwithstanding  all  that  has  Ijeen  said  Ijv  our  consuls 
and  business  agents  in  South  American  countries,  our 
manufacturers  and  jobbers  continue  to  ship  their  goods 
crated.  The  foreign  shipper  packs  his  wares  in  boxes. 
This  carelessness  must  be  corrected  if  we  would  hold  the 
trade  we  already  have  in  these  countries,  let  alone  ex- 
tend it. 

There  are  few  harbor  and  docking  facilities  in  these 
countries  to  the  south  of  us,  and  this  want  makes  it  neces- 
sary for  steamsliips  to  unload  their  goods  by  transferring 
tliem  to  lighters,  and  usually  in  heavy  seas. 

American  houses  use  one-  and  one-and-a-quarter- 
incli  material.  Foreign  shippers  use  two-  and  two-and-a- 
half-inch  lumber,  reinforcing  the  boxes  with  heavy  cross- 
braces,  screwed  in,  the  whole  being  protected  by  bands  of 
sheet  iron  placed  on  the  exposed  edges. 

Our  Minister  1 1  Ecuador,  Charles  S.  Hartman,  vouches 
for  two  flagrant  instances  of  careless  ]«icking  of  goods 
shipped  to  Quito.  First,  the  Quito  Electric  Light  & 
Power  Co.  bought  seven  motors  from  one  of  the  largest 
electrical  manufacturers  in  this  country.  The  dam.aged 
motors  arrived  absolutely  bare  of  any  protecting  material. 
Second,  a  large  consigniment  of  mac-hinery  arrived  in 
flimsy  crates  and  broken  in  nine  plaies.     .As  the  broken 


])arts  cannot  be  made  in  Quito,  the  machinery  is  useless 
and  the  shipper  has  lost  a  valuable  customer. 

Our  business  houses  should,  at  the  least,  imitate  the  for- 
eign shipper  in  the  matter  of  packing  goods,  and  we  see 
no  good  reason  why  they  cannot  excel  him.  "This  fault," 
says  our  Callao  correspondent,  "lies  with  the  large  as  well 
as  the  small  shipper.  It  is  a  wonder  to  me  that  we  have 
any  trade  here  at  all." 

That  the  state  of  war  in  Europe  has  opened  to  us  an 
innnense  opportunity  to  increase  our  trade  with  our  South 
American  neighbors  is  undeniable.  Are  we  to  defeac  the 
huge  efforts  lor  extended  trade  being  made  by  our  com- 
mercial agents,  business  associations  and  railroad  and 
steamship  companies  by  an  inexcusable  carelessless  that 
will  become  criminal  if  longer  continued  ? 

The  market  has  been  created:  let  us  meet  the  moderate 
reqiiirenients. 

Gr©Maifiig  Si  He'W!?'  Jeffrey  ILacenase 

There  seems  to  be  much  misunderstanding  by  engineers 
and  firemen  in  New  Jersey  as  to  how  to  get  licenses  under 
the  new  law  of  that  state. 

If  a  license  is  desired  without  having  to  take  an  ex- 
amination to  get  it,  the  engineer  or  fireman  has  simply  to 
request  an  application  from  the  Commissioner  of  Labor, 
at  Trenton,  fill  it  out  and  have  it  filed  on  or  before 
December  thirty-first.  It  costs  nothing  to  ask  for  the  ap- 
plication, but  the  applicant  is  required  to  send  two  dol- 
lars with  the  application  when  it  is  returned  to  the  Com- 
missioner's ofllce.  One  does  not  have  to  be  a  citizen  to  get 
a  license. 

All  engineers  and  firemen,  as  well  as  watchmen  caring 
for  boilers  carrying  over  ten  pounds  pressure,  are  required 
to  have  licenses.    An  oiler  does  not  need  one. 

We  unders.tand  that,  even  though  there  is  a  licensed 
head  fireman  in  charge  of  the  boiler  room,  the  fireman 
imder  him  must  also  lie  licensed.  It  is  the  wish  of  the 
License  Bureau  that  each  men  make  his  own  request  for 
an  application. 

A  charge  of  twenty-five  cents  is  made  for  the  transfer 
of  a  license  from  one  plant  to  another. 

A  fireman  may  change  plants  as  much  as  he  pleases  and 
does  not  require  an  examination  for  each  change. 

For  engineers  there  are  twelve  classifications,  and 
should  a  man  change  to  a  plant  of  a  different  class,  as 
from  a  mill  to  a  hotel  plant,  he  must,  according  to  the 
ruling  of  the  Bureau,  take  another  examination,  for 
which,  we  understand,  he  pays  twenty-five  cents. 

A  man  may  work  in  a  plant  for  thirty  days  without 
a  license.  No  first-class  imlimited  licenses  are  being 
sued.  The  understanding  is  that  licenses  must  be  renewed 
every  year  at  a  cost  not  to  exceed  two  dollars  a  year  for. 
renewal. 

The  explosion  of  the  boiler  at  the  Continental  Hotel 
in  New  York  City  is  another  demonstration  of  the  fa(Jt 
that  in  s]iite  of  all  that  has  been  said  of  their  unaidej 
holding  power,  boiler  tubes  ought  to  he  flai-ed  or  beade 
over.  1 

m  j 

This  week's  cartoon  made  such  an  impression  on  oq 
of  our  editors  that  he  "orderfied"  his  desk,  which  god 
to  show  that  we  know  how  to  "take  our  own  medicine" 
and  ■■)irnctii-e  \vli:it  wc  prcacji." 


December  1,  1914 
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The  sketch   shows  a   spring  guide  for  the  saw  blade 
in  undercutting  mica  on  commutators.     We  have  found 


Spring  Steel 


GuiDK  FOR  Saw  ix  Uxdercuttixg  Mica 

tliis  very  satisfactory  and  trust  that  it  will   appeal   to 
other  readers. 

William  Wayne. 
Chisholm,  Jlinn. 


The  best  way  to  determine  the  value  of  one  lubricant  as 
compared  with  others  for  the  same  bearing  is  to  give  it  a 
practical  test.  I  have  constructed  a  machine  for  the  pur- 
pose which  will  easily  and  quickly  show  which  of  a  uum- 
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her  of  lul)ricants  will  cliininatc  the  most  friction  in  a 
bearing. 

The  testing  machine  is  composed  of  two  brasses  B,  a  pin 
M  keyed  to  a  driving  gearing,  a  suitable  lever  L,  a  weight 
H'  and  a  spring  scale  S. 

The  brasses  B  may  have  bra.ss  or  babliitted  bearing  sur- 
face, depending  on  which  type  is  u.sed  in  the  plant.  The 
weight  W  should  be  heavy  enough  to  produce  the  same 
pressure  per  square  inch  on  the  bearing  as  there  is  on  tlie 
average  bearings  in  the  plant. 


When  the  machine  is  idle,  only  a  slight  pressure  will 
be  registered  on  the  scale  S,  but  when  the  pin  M  is  rotated 
in  the  direction  of  the  arrow,  the  pressure  on  the  scale 
will  increase  directly  as  the  friction  in  the  bearing;  in 
other  words,  the  better  the  lubricant,  the  less  will  be  the 
pressure  exerted  on  the  scale. 

Before  testing  a  given  oil  or  greiise,  the  bearing  sur- 
faces should  be  cleaned  thoroughly  and  covered  with  a 
coat  of  the  oil  or  grease  to  be  tested.  The  lubricant 
should  be  fed  in  at  a  part  of  the  bearing  having  the  least 
pressure — i.e.,  between  the  brasses. 

The  pin  M  should  be  given  a  peripheral  speed  equal 
to  that  of  the  pins  in  use.  A  small  motor  which  will  give 
uniform  speed  makes  a  good  drive.  It  is  essential  to  feed 
the  oil  at  a  uniform  rate  and  to  note  the  average  pressure 
on  the  scale;  also  to  note  the  temperature  of  the  bear- 
ing as  well  as  that  of  the  surrounding  air  for  comparison 
in  future  tests. 

Samuel  L.  Eobinson. 

Bar  Harbor,  Me. 


Sfoame^Ma^e  Trsip  airad 


The  accompanying   illustration   is  explanatory  of  my 
home-made   separators;   they   insure   dry   steam   because 


Turned  Morizonfal, 


Steam  whirls 
arouna  against 
wal/s 


to  Engine 


Lever  bent  to-\ 
accomodate 
fhat  stem 


TRAP         ft»,t. 

Steam  Sepauatoii  and  Trap 

they  arc  large  enough  to  take  care  of  sudden  priming. 
Steam  always  passes  through  slowly  as  the  ports  are  sev- 
eral times  the  size  of  the  pipe.     JIaximum  efficiency  is 


786 


TMl  W  I'',  i; 


Vol.   10,  No.  22 


obtained  since  the  efficiency  is  increased  as  the  velocity 
of  the  steam  is  decreased. 

Centrifugal  force  projects  the  M-ater  against  the  walls, 
to  which  it  adheres  in  tlie  fonn  of  a  rapidly  rotatins; 
sheet,  and  flows  continnoiisly  to  the  bottom  of  the  reser- 
voir. Once  separated,  niulcr  no  circumstances  can  tlic 
water  be  again  picked  u])  liy  the  .-^team  cnrrent. 

Luke  Mauiki!. 

Fall  River,  :Mass. 


Bffil 

The  illustration  represents  a  cable  drum  wliich  runs  on 
a  3-in.  shaft.  It  was  badly  worn  and  had  to  he  bored  out 
and  bushed  on  a  mountain,  where  transi)ortatioii  would 
have   been   I'ostly    if   tlu>   work   iiad   been    sent    to    town. 


thing  polished  to  the  limit  and  an  imposing  array  of 
recording  instruments  on  the  wall — and  the  engine  is 
making  more  noise  than  a  trip  hammer.  In  the  boiler 
room  you  will  find  the  firemen  shoveling  coal  regardless  of 
expense.  Then  you  begin  to  wonder.  The  engineer 
tells  you  that  his  compound  Corliss  always  was  a  steam 
eater. 

The  boss  enters,  looks  at  all  the  instruments  and  the 
coal  chart,  and  then  says  to  the  engineer,  "What  do  you 
fellows  do  with  all  that  coal?  Jim  Jones  did  not  use 
hair  as  much  as  you  fellows  do.  If  this  thing  keeps  up 
wc  will  all  be  in  the  poor  house  pretty  soon." 

The  boss  has  considerable  money  invested  in  this 
plant,  but  when  Jim  Jones  wanted  a  raise  in  salary,  the 
l)i)ss  .-(aid  he  could  not  afford  it  as  "business  is  poor  this 
time  of  the  year."  So  Jim  quit  and  a  cheaper  man  was 
put  ill  his  ])lace  with  the  results  noted. 

This  ai'tually  happened  in  a  plant  in  the  iliddle  West 
containing  a  3500-hp.,  cross-compound  Corliss  engine, 
and  because  they  would  not  pay  a  real  engineer  $20  in- 
ricasc  in  salary  per  month  they  .spent  over  $1200  more  for 
fuel  ill  less  than  seven  months. 

Louis  B.  Caul. 

]\Iarshfiehl,  Wis. 


Borixg-Bau  OrF.iiATRn  with  Uatcitf.t 

The  following  rig  was  used :  Four  clamps,  two  guide 
plates,  a  boring  bar  IfV  in.  in  diameter,  an  ordinary 
ratchet  with  iIor.se  taper,  and  an  "old  man."  All  these 
parts  were  found  at  the  camp.  The  biushings  were  ordered 
from  town  finished  to  size. 

J.    C.   ilATTLSON. 

Vancouver,  B.  C. 

The  expensiveness  of  cheap  firemen  should  be  given 
more  consideration  by  operating  engineers  and  ovvners. 
Some  time  ago  I  took  a  position  as  engineer  and  fire- 
man in  a  sawmill  in  the  South.  The  power  plant  con- 
sisted of  two  return-tubular  boilers  and  an  18x1 6 -in. 
slide-valve  engine.  The  boilers  were  fed  by  an  injector. 
I  started  on  Thursday  and  quit  on  Sunday  as  the  plant 
was  in  about  the  worst  condition  I  ever  saw.  When  I 
started  to  wash  out  a  boiler  on  Sunday  morning,  I  discov- 
ered that  there  were  no  blowoff  valves;  in  their  stead, 
plugs  were  screwed  into  couplings.  The  safety  valve  >vas 
on  the  main  steam  line  and  only  one  of  the  boilers  had 
a  stop  valve.  WHien  I  spoke  to  the  owner  aljout  the  blow- 
off  valves,  he  said  that  they  only  cleaned  their  boilers 
twice  a  year  (spring  and  fall);  that  they  did  not  need 
any  valves. 

On  Monday  they  started  up  with  one  of  the  handy  men 
from  the  mill  as  engineer.  I  met  him  a  few  days  later 
and  asked  him  what  the  trouble  was.  "We  had  an  acci- 
dent," he  said;  "the  boilers  got  full  of  water,  and  when 
the  boss  tried  to  blow  them  down  they  took  him  to  the 
hospital."  The  owner  lost  the  use  of  his  left  arm  and  the 
voung  fellow  his  job,  simply  because  both  were  ignorant 
of  the  true  condition  and  danger  of  these  boilers. 

On  the  other  hand,  you  step  into  an  engine  room 
and  find  the  equipment  uptodate  in  every  respect,  every- 


On  our  1500-h]).  cross-compound  engine  the  steam  sup- 
]dv  line  is  drained  through  a  bucket  trap.  It  was  thought 
advisable  to  safeguard  the  cylinder  against  any  failure 
by  rigging  up  an  alarm  to  indicate  the  working  of  the 
trap.     Our  first  alarm  consisted  in  a  trigger  in  connec- 


Alarm  above  the  Trap 

tion  with  the  bucket  pivot  wdiich  rang  a  bell  every  time 
the  trap  worked,  Init  the  ringing  became  one  of  the  com- 
mon noises  of  the  engine  room,  and  if  it  ceased  was  nut 
noticed  for  some  time.  This  proved  that  we  needed  an 
alarm  that  would  indicate  only  if  the  trap  failed  to  work. 
We  finally  hit  on  the  plan  of  letting  the  accumulation 
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of  water  set  the  alai-m  off.  The  ilhistration  shows  how 
this  was  accomplished.  A  cast-iron  box  coiifaining  a 
high-pressure  float  was  attached  to  the  drain  line  above 
the  trap  as  shown.  When  water  accumulates  the  top  of 
the  float  will  touch  the  contact  plate,  thus  completing  an 
electric  circuit  as  one  wire  is  attached  to  the  cast-iron 
box  and  the  other  is  insulated  in  the  core  of  the  brass 
plug.  A  small  pipe  was  attached  to  the  top  of  the  box 
and  to  the  steam  line,  thus  equalizing  the  pressure  and  al- 
lowing the  water  to  back  up  freely  into  the  box.  The  cross- 
section  of  the  plug  shows  its  construction. 

The  alarm  is  tested  at  intervals  by  allowing  the  conden- 
sate to  fill  the  box.  Current  from  the  generator  with  a 
resistance  is  used  to  ring  the  bell  and  also  show  a  red  light 
in  a  conspicuous  place.  This  eliminates  the  uncertainty 
of  batteries,  as  in  the  case  of  the  first  alarm  we  tried. 

Chester  W.  Wilsox. 

Paterson,  N.  J. 


Lisaes'  FtLflt  im.  A.ffiaBia®sana  C^^EImidles' 

The  ammonia  cylinder  of  a  compressor  was  so  badly 
cut  that  it  became  necessar}-  to  bore  it  and  insert  a 
liner.  The  outside  diameter  of  the  liner  was  made  equal 
to  the  inside  diameter  of  the  cvlinder  to  obtain  a  close 
fit. 

When  all  was  ready  the  water  jacket  was  filled  and 
blow-torches  were  used  to  heat  the  cylinder  until  it 
expanded  enough  to  allow  the  liner  to  be  driven  in  by  the 
aid  of  hammer.s  and  wooden  blocks.  It  was  necessary  to 
use  a  hammer  only  for  the  last  three  or  four  inches.  The 
compressor  is  now  giving  good  service. 

C.  R.  McGahet. 

Baltimore,  Md. 

^: 


lEacaiasiiraa.  us« 

There  has  been  much  criticism  of  the  Indiana  boiler 
laws  lately.  While  some  of  it  is  doubtless  merited,  the 
law  as  passed  is  undoul)ted]y  a  great  improvement  over  no 
law.     Regarding  the  header  connections  on  p.  503,  Oct. 


C)  issue,  I  have  no  doubt  that  they  could  be  improved  upon, 
but  any  of  them  would  be  a  great  improvement  over  the 
one  in  the  illustration ;  this  is  the  actual  connection  be- 
tween two  return-tubular  boilers  in  an  ice  plant  in 
northern  Indiana  and,  of  course,  the  inspector  ordered  it 
changed  upon  his  first  visit. 

While  tliere  are  many  mistakes  made  by  lawmakers, 
we  should  remember  that  it  is  far  easier  to  see  them  then 
than  in  the  making.  Let  us  give  credit  for  what  has  been 
accomplished. 

E.  F.  Goad. 

Chicago  Heights.  111. 


Oil  may  be  discharged  from  a  barrel  into  the  sui>plv 
tank  or  regular  container  l)y  compressed  air  by  the  use 
of  the  following  rig :     Screw  a  nipple  of  a  size  corre- 
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r\ii{    TO    Discharge   the    Oil 

.sponding  to  the  hole  in  the  barrel  (say  11/2  or  2  in.)  into 
a  reducing  tee  with  a  smaller  pipe  extending  through 
both  as  shown  in  Fig.  1.  The  air  supply  is  connected  to 
the  side  opening  of  the  tee. 

The  whole  rig  is  shown  assembled  in  Fig.  2  and  can 
he  easily  understood.  Care  should  be  taken  to  avoid  ex- 
cessive pressure  which  may  burst  the  barrel ;  a  pressure 
gage  is  useful  but  not  essential  for  this  purpose. 

Louis  Kreutzkami". 

Brooklyn.  X.  Y. 

;■*' 

At  this  plant,  the  water  level  is  controlled  by  regulators 
while  a  pump  governor  on  the  steam  line  limits  the  pres- 
sure in  the  feed  line. 

One  day  the  water-cylindor-head  ga.sket  failed,  followed 
the  next  day  liy  the  one  under  tlie  discharge-valve  chamber. 
Little  was  thought  of  this  until  two  or  three  gaskets  would 
give  out  in  one  day.  Either  the  pump  was  not  rigid 
enough,  the  packing  unfit  or  the  pressure  too  high.  Heav- 
ier covers  were  designed  and  put  on  and  other  packing 
tried,  but  without  success.  After  three  weeks  it  was  ac- 
cidentally discovered  that  the  valve  on  the  bypass  aroxind 
the  pump  governor  was  open  about  half-way.  This  al- 
lowed tiie  pump  to  build  u])  an  excessive  pressure  in  tiic 
feed  line  and  caused  the  trouble. 

A  pressure  gage  was  afterward  connected.  On  again 
opening  tlic  bypass  valve  to  see  what  the  pressure  would 
be,  it  went  up  to  250  II)..  with  100-lb.  steam  pressure, 
liniilcd  only  by  the  total  water  pressure  on  the  plunger 
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equaling  the  total  force  of  the  steam.  Had  the  steam 
cylinder  been  larger  or  the  pressure  higher,  the  water 
pressure  would,  of  course,  have  been  proportionately  in- 
creased. 

,T.  C.  Hawkins. 
HvattsviUc.  .Md. 


Last  winter  I  had  considerable  difficulty  in  keeping 
the  boiler  blowoff  valves  from  freezing;  the  pipes  ex- 
tended two  feet  outside  of  the  boiler  house.  It  had  been 
customary  to  cover  the  pipes  with  waste,  etc.,  and  slip  a 
barrel  over  them,  but  it  was  not  easy  to  get  at  them  to 
blow  clown. 

I  drilled  and  tapped  the  valves  for  ti"'"-  pipc  and 
ran   a   i)4-in.   pipe  as  shown   in   the  illustration   from  a 


t  iia  I  LAiixf;  Pipe  to  Blowoff 

steam  pipe  and  reduced  it  to  %  in.  at  the  valve.  The 
steam  condensing  in  the  i/2"i'i-  pip^  caused  a  slight  flow 
of  warm  water  back  through  the  blowoff  pipes,  which 
kept  them  from  freezing. 

I  know  it  costs  something  in  coal.  Ijut  it  is  cheaper 
than  to  have  the  valves  burst.  Of  two  valves  which  had 
been  burst,  I  sent  the  casings  to  the  city  and  had  them 
welded  by  the  autogenous  process,  so  I  now  have  two 
extras  on  hand  to  be  used  when  needed. 

Albert  T.  Rowe. 

East  Glastonbiiry.  Conn. 

A  great  many  boiler  explosions  annually  occur  in  dis- 
tricts where  portable  boilers  are  in  use,  especially 
throughout  the  Southern  states,  where  men  who  own 
sawmills  take  them  where  custom  sawing  is  required. 

One  owner  of  a  portable  mill  tried  to  "kill  two  bird.^ 
with  one  .stone"  by  acting  as  sawyer  and  engineer  at 
the  same  time.  He  employed  a  boy  to  fire  the  boiler  with 
wood  waste  from  the  mill,  who  knew  nothing  about  the 
engine.  One  day  the  sawyer  forgot  all  about  the  water  in 
the  boiler,  and  there  was  an  explosion  which  destroyed 
the  engine  and  seriously  injured  several  people. 

The   most  ^  common    safetv   devices   are   ignored,    some 


boilers  not  having  an  ordinary  gage-glass.  A  solitary 
gage-cock  is  occasionally  blown;  if  it  blows  steam  it  is 
evidence  that  the  water  is  getting  low  and  more  is  added. 

A  high-  and  low-water  alarm  is  seldom  found  on  this 
kind  of  boiler,  tliough  it  is  easy  to  attach  and  might 
save  many  lives.  Another  simple  safety  device  is  the 
fusible  plug,  and  boiler  manufacturers  often  put  them  in 
whether  specified  or  not. 

The  enactment  of  a  uniform  boiler  inspection  law  is 
what  is  needed.  Owners  of  larger  plants  usually  have 
their  boilers  insured,  which  results  in  high-grade  inspec- 
tion. But  the  boilers  in  the  small  plants  and  portable 
boilers  are  not  inspected,  and  they  are  often  operated 
with  defective  tubes  and  without  the  ordinary  safety  de- 
vices. 

As  the  insurance  companies  would  decline  to  write  such 
a  risk  as  the  average  portable  plant,  their  activity  is  not 
a  complete  safeguard.  Let  every  engineer,  boiler  man- 
ufacturer and  boiler  user  get  busy  in  his  own  community 
and  work  for  a  compulsory  inspection  law. 

(i.   U.   Chain,  Jr. 

Louisville,  Ky. 


It  became  necessary  to  remove  a  brick  stack  80  ft.  high 
by  9-ft.  ba.se  at  Waterloo,  N.  Y.  The  plan  was  to  fell 
it,  as  one  would  a  tree,  by  cutting  away  the  two  corners 
on  one  side,  then  driving  6x6  hemlock  shores  in  each 
space,  after  which  the  remaining  brickwork  on  that  side 
was  to  be  removed.  Then  the  props  were  to  be  kicked  out 
with  a  dynamite  cartridge. 

Just  after  12  o'clock,  Oct.  10,  however,  when  all  was 
ready,  but  before  the  button  was  pressed,  the  stack  began 
to  lean  and  crush  the  props.  It  went  over  about  15  or  20 
deg.,  then  collapsed,  the  inner  lining  of  firebrick  standing 
for  a  moment  while  the  outer  wall  vieeled  off.     Then  all 
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Just  before 


collapsed  within  a  radius  of  25  ft.  from  the  foundaticm. 
The  dynamite  did  not  explode,  notwithstanding  the  del)ris 
falling  on  it. 

Waterloo,  N.  Y.  H.  F.  Breiiji. 


I 
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Objection  to  Boiler  Plate  of  Higrh  Tensile  Strength — What 
is   the  objection  to  boiler  plate  having  high  tensile  strength? 

L.   R.  G. 

Boiler  iron  or  steel  must  have  ductility  even  if  tenacity 
is  sacrificed.  Beyond  certain  limits  an  increase  of  strength 
is  usually  accompanied  by  loss  of  ductility — i.e.,  the  material 
is  more  brittle  and  is,  therefore,  more  likely  to  fail  from  the 
bending  action  to  which  the  plates  of  a  boiler  are  subjected. 


Inspecting  Boiler  Braces — How  can  it  be  determined 
whether  the  tie  braces  of  a  boiler  are  of  proper  lengths  for 
taking  up  the  stresses  which  they  are   intended  to  resist? 

S.   G. 

By  making  an  internal  inspection  of  the  boiler  and  ascer- 
taining whether  the  braces  are  straight,  have  their  ends 
properly  shaped  and  secured  to  the  shell  and  whether  they 
give  a  clear  sound  when  struck  with  a  sharp  blow  of  a  ham- 
mer. 


One  Safety  Valve  to  Blow  Off  Before  the  Other — Where 
two  safety  valves  are  used  on  a  boiler,  why  is  one  set  to 
blow  at  90  lb.  and  the  other  at  95  lb.  per  sq.in.? 

J.  M. 

One  safety  valve  is  set  to  blow  off  before  the  other  to 
reduce  the  pressure  more  gradually  and  thereby  prevent  rup- 
ture of  the  boiler  due  to  sudden  changes  of  stresses  of  the 
boiler  shell,  and  also  to  prevent  lifting  of  water  of  the  boiler 
from  sudden  reduction  of  steam  pressure. 


Advantages  of  Calcium  Chloride  Brine — What  are  the  ad- 
vantages of  calcium  chloride  over  sodium  chloride  (common 
salt)  for  brine  used  in  refrigerating  systems? 

W.  O.  V. 

One  of  the  chief  advantages  is  that  the  freezing  point  for 
strong  solutions  is  much  lower  than  for  common  salt  brine. 
In  double  pipe  systems  it  is  better  than  common  salt  brine, 
for  the  latter  may  freeze  and  damage  the  cooler  if  the  suc- 
tion pressure  is  low.  Another  advantage  is  that  calcium 
brine  does  not  corrode  metals  as  rapidly  as  common  brine,  but 
It  is  advisable  to  add  about  %  per  cent,  of  caustic  soda  to 
neutralize  its  corrosive  action. 


Steam    in    Return   Lines   of   \'acuuni    Heating    System — In   a 

vacuum  heating  system  equipped  with  automatic  vacuum 
valves,  how  will  steam  get  to  the  return  lines  and  to  the 
vacuum  pump  if  the  automatic  valves  are  in   working   order? 

L.  P. 
Although  only  water  may  be  discharged  from  the  radiators 
and  drips,  if  the  pressure  in  the  returns  or  in  the  pump 
cylinder  is  lower  than  the  pressure  at  which  the  water  is 
discharged,  then  the  condensate  will  vaporize  until  the  tem- 
perature has  been  reduced  to  the  boiling  point  corresponding 
to  the  pressure,  and  vapor  thus  formed  is  presented  to  the 
vacuum  pump  unless  condensed  by  radiation  of  heat  from 
the  return  lines. 


Connecting   Pumps   n-ith  Common   Suction   and   Discharge — 

When  two  or  more  pumps  take  suction  from  the  same  supply 
or  discharge  into  the  same  service  pipe,  how  should  their 
connections   be    arranged    for   operating    the   pumps    together? 

K.  W.   A. 

When  the  suctions  are  taken  from  the  same  talk,  reser- 
voir or  pond,  they  should  be  sufficiently  separated  to  prevent 
one  pump  from  hindering  the  suction  of  another  by  the  forma- 
tion of  currents  or  eddies.  When  the  suctions  are  taken  out 
of  a  common  supply  pipe  the  outlets  from  the  pipe  to  the 
pumps  should  he  Y  branches  of  sizes  which  are  In  proportion 
to  the   rates  of   pump   displacement. 

For  discharging  into  the  same  main  the  connections  to  the 
main  should  be  by  Y  branches,  or  otherwise  so  arranged  that 
the  discharge  from  one  pump  will  not  be  shut  off  by  .another, 
as  by  Joining  It  at  right  angles  or  opposing  Its  direction. 


.\dJnstinK  Stroke  of  Duplex  Pump — How  can  the  stroke  of 
a  duplex   pump  be  shortened   or  lengthened?  R.  E. 

The  stroke  can  be  shortened  by  reducing  the  amount  of 
"Inst  motion"  between  the  steam  valves  and  their  stems.  This 
can  be  effected  by  adjusting  the  position  of  the  nuts  on  the 
valve  stems  for  moving  the  steam  valves.  When  each  valve 
stem  has  a  single  nut  between  lugs  on  the  steam  valve  the 
lost  motion  Is  reduced   by   using  a   thicker  nut;  or  the  stroke 


can  be  lengthened  by  increasing  the  amount  of  the  lost 
motion — i.e.,  when  there  are  two  nuts  and  one  lug  to  each 
steam  valve  by  moving  the  nuts  farther  apart  and  where  there 
is  a  single  nut.  the  lost  motion  can  be  increased  by  making 
the  nut  thinner.  Some  pumps  are  provided  with  valves  for 
regulating  the  amount  of  compression  in  the  steam  cylinder, 
thereby  obtaining  shorter  stroke  by  increasing  the  compres- 
sion or  lengthening  it  by  decreasing  the   compression. 

.Meaning,  Vse  and  Determination  of  "Hor-sepoiver  Constant" 

— What  is  meant  by  the  horsepower  constant  of  an  engine  and 
how  is  it   obtained  and   used? 

W.    E.    T. 

In  figuring  a  number  of  indicator  diagrams  from  one  en- 
gine running  at  a  constant  speed,  it  is  most  convenient  to  com- 
pute first  the  horsepower  developed  per  pound  of  mean  effec- 
tive pressure.  This  is  called  the  "horsepower  constant"  and 
is  to  be  multiplied  by  the  mean  effective  pressure  of  each 
diagram  to   find  the   horsepower  represented  by  that  diagram. 

As  the  value  of  the  constant  would  be  the  number  of  horse- 
power which  would  be  developed  by  1  lb.  mean  elfective  pres- 
sure, therefore,  as  the  usual  formula  is 
pressure    X    area    of   piston    X    piston    speed    in    feet    per    min. 

33.000 

hp..    then    the    formula    for    finding    the    horse- 
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33,000 
power   constant   is 

1  Xarea  of  piston  X  piston   speed   in   ft.   per   min. 


=   hp.  constant. 


33,000 


Kfflcieney  of  Pressure-Reducing  Valve — When  steam  is  dis- 
charged through  a  pressure-reducing  valve,  is  there  a  loss, 
and  if  not,  what  becomes  of  the  heat  which  the  steam  may 
have  contained  before  passing  from  the  higher  to  the  lower 
pressure? 

J.  M. 

There  is  no  loss  in  the  sense  of  annihilation.  Some  of  the 
heat  contained  in  each  pound  (weight)  of  steam  of  the  higher 
pressure  passes  off  by  radiation  before  reaching  the  valve 
aperture,  and  the  heat  which  is  employed  for  work  in  over- 
coming friction  of  the  steam  in  its  passage  through  the  valve 
passes  off  by  radiation  or  is  conserved  to  the  steam  at  the 
reduced  pressure.  But,  with  good  insulation,  the  efficiency  is 
nearly  100  per  cent.,  for  practically  all  the  heat  contained 
per  pound  of  steam  delivered  to  the  valve  is  delivered  to  the 
low-pressure  side,  there  to  be  absorbed  by  radiation,  in  rais- 
ing the  temperature  or  in  evaporating  water  previously  con- 
densed, or  in  sustaining  the  temperature  and  pressure  of 
steam  on  the  low-pressure  side,  and  any  heat  in  excess  of 
these  demands  will  be  employed  as  superheat — i.e.,  the  steam 
at  the  reduced  pressure  will  be  at  a  higher  temperature  and 
will  contain  more  B.t.u.  per  pound  of  weight  than  dry- 
saturated  steam  of  the  same  pressure. 


Figuring  Cost  per  IO<H»  lb.  of  Steam — When  the  number  of 
pounds  of  water  ev:ii)orated  per  pound  of  coal  from  and  at 
212  dig.  P.,  and  the  cost  of  eoa!  per  ton  are  given,  what  would 
be  the  short  method  of  figuring  the  cost  of  coal  required  for 
evaporation  of  1000  lb.  of  water  from  and  at  212  dog.  F.? 

H.    B. 

One  thousand  divided  by  pounds  of  water  evaporated  per 
pound  of  coal  would  give  the  number  of  pounds  of  coal  re- 
quired for  evaporation  of  1000  lb.  of  water.  When  the  cost 
of  coal  Is  quoted  per  long  ton  (2240  lb.)  then  the  price  per 
pound  would  be  the  cost  per  ton  divided  by  2210.  Therefore, 
the  cost  of  the  coal  required  to  evaporate  1000  lb.  of  water 
would    be 

1000  cost  per  ton 


water  per  lb.  coal 


2240 


cost  per  ton 


water  per  lb.  coal  X  2.24 
und  for  2000  lb.  of  coal   per  ton,  the  cost  of  the  coal  to  evap- 
irate  1000  lb.  of  water  would  be, 

cost  per  ton 


water  per  lb.  coal  X  2 
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a  cushion  on  which  the  blow  caused  by  the  cutoff  may 
be  spent,  thereby  preventing  vibrations  from  being  trans- 
mitted through  the  piping  system;  and,  finally,  to  pro- 
duce a  steady  and  rapid  flow  of  steam  in  one  direction. 
Here,  as  in  the  case  of  the  boiler  connections,  an  extra 
valve  is  placed  in  each  lead  close  to  the  main.  An  inde- 
pendent auxiliary  header  is  connected  with  the  front 
nozzles  of  the  boilers  for  supplying  steam  to  the  various 
pumps,  and  to  the  heating  system  when  live  steam  is  re- 
quired. 

The  exhaust  jjiping,  steam  and  water  to  pumps,  heat- 
ing mains  and  blowoff  piping,  are  shown  in  Fig.  3.    This 


Pirixc)    Layout 

Among  the  principal  points  to  be  realized  in  laying 
out  a  system  of  power-plant  piping  are  the  following: 
Pipes  of  ample  size  to  convey  the  steam  from  the  boilers 
to  the  engines  without  appreciable  loss  of  pressure,  rea- 
sonable compactness  to  prevent  excessive  condensation, 
the  avoidance  of  pockets,  a  proper  system  of  drainage 
to  keep  all  parts  of  the  piping  free  from  water  and  suf- 
ficient flexibility  to  prevent  overstraining  due  to  expan- 
sion and  contraction.  \Yhile  valves  should  not  be  used 
so  freely  as  to  complicate  the  system,  they  should  be 
placed  in  such  a  manner  as  to  provide  all  the  combina- 
tions necessary,  and  upon  all  important  pieces  of  appar- 
atus, so  that  they  may  be  cut  out  when  desired.  There 
are  several  standard  arrangements  for  power-plant  work, 
that  shown  in  diagram  in  Figs.  1  and  2  having  been 
chosen  for  the  present  problem.  The  supply  system  in 
this  case  consi.sts  of  an  overhead  loop  of  large  size  having 
a  connection  with  each  boiler  and  engine.  This  is  divided 
into  four  sections  by  valves,  and  provides  two  paths  for 
the  flow  of  steam  from  the  boilers  to  the  engines.  Flexi- 
bility is  secured  by  the  use  of  sweep  bends,  which  are 


FiG.  1.  Plan  View  of  Piping 

clearly  indicated  in  the  sectional  elevation,  Fig.  2.  Each 
boiler  connection  is  provided  with  two  valves  to  prevent 
any  possibility  of  steam  leaking  back  into  the  boilers 
when  shut  off  for  cleaning  or  repairs. 

Large  separators  are  placed  in  each  engine  connection 
close  to  the  throttle  valve,  and  the  pipes  joining  these 
with  the  main  header  are  made  one  size  smaller  than 
called  for  by  the  engine  builders.  The  object  of  this  aside 
from  drainage  and  dryness  of  steam  is  to  have  a  fuil 
SLijijjly  of  steam  close  to  the  cylinder  in  order  to  provide 


— ^Air  L>uct~sT\ 
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Fui.  -i.  Sectional  Elevation  of  Plant,  Showing 

AliliANGEMENT  OF  PiPING 

drawing  is  diagrammatic  in  form  and  is  intended  to  illus- 
trate the  principles  involved  and  the  combinations  to  be 
obtained. 

Starting  with  the  exhaust  from  the  main  engine,  it  first 
passes  through  an  oil  separator,  then  divides  into  two 
branches,  one  leading  to  the  heating  system,  and  one  to 
the  condenser,  the  latter  also  connecting  outboard  as  in- 
dicated. The  exhaust  from  the  lighting  engines  may  be 
turned  into  the  condenser  or  outboard  as  desired.  The 
exhaust  from  the  various  pumps  may  pass  outboard 
through  a  back-pressure  valve  or  may  be  utilized  in  a 
secondary  feed-water  heater.  The  main  feed-water  heater 
may  be  supplied  with  steam  either  from  the  heating  sys- 
tem or  from  the  main  leading  to  the  condenser ;  connec- 
tions with  both  heaters  being  on  the  induction  principle. 
As  the  larger  heater  will  usually  be  supplied  with  steam 
below  atmospheric  pressure,  it  must  be  drained  through 
a  return  trap  having  a  high-pressure  connection.  The 
heating  main  has  a  live-steam  supply  through  a  reducing 
valve,  and  an  overflow  through  a  relief  or  back-pressu^ 
valve  into  the  outboard  exhaust.  A  relief  valve  is  alsft. 
provided  between  the  condenser  and  outboard  main. 

By  these  arrangements  the  exhaust  from  the  mafii 
engine  may  pass  either  into  the  heating  system,  to  the 
condenser  or  outboard;  and  that  from  the  lighting  en- 
gines either  to  the  condenser  or  outboard.  The  live-steam 
supply  to  the  heating  system  is  entirely  separate,  and 
may  l)e  used  either  in  connection  with  the  exhaust  or  in- 
dependently. 

Cooling  water  for  the  condenser  flows  from  the  outside 
reservoir  to  the  circulating  pump,  and  is  discharged  intq 
a  special  drain  leading  to  the  river.  A  cross-connection 
is  provided  for  supplying  fresh  water  directly  into  the 
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receiving  tank  when  required,  the  reservoir  being  liigh 
enough  to  produce  a  gravit}'  flow. 

The  condensed  steam  from  the  air  pump  may  be  dis- 
charged either  into  the  receiving  tank  (which  is  vented 
to  atmosphere)  or  into  the  drain  above  mentioned.  Dur- 
ing the  summer,  when  the  condenser  is  in  continuous  op- 
eration, the  receiving  tank  will  serve  as  a  hotwell  from 
which  the  boilers  are  fed. 

The  connections  between  the  feed  pumps  and  boilers 
are  not  shown  in  the  drawing.  The  main  feed  line  passes 
through  the  heaters  in  series,  the  larger  one  coming  first. 
Independent  bypasses  are  provided  around  each  heater 
so  they  may  be  cut  out  for  repairs,  or  at  other  times  when 
not  in  use. 


The  size  of  steam  pipes  for  power-house  work,  where 
the  length  of  run  does  not  exceed  150  to  200  ft.,  is  usually 
based  upon  a  velocity  of  flow  not  exceeding  6000  ft.  per 
min.  for  supply  mains  and  4000  ft.  for  exhaust.  To  use 
these  velocities  it  is  necessary  to  reduce  the  weight  of 
steam  at  a  given  pressure  passing  through  the  pipe  per 
minute,  to  cubic  feet,  which  may  easily  be  done  by  use 
of  a  steam  table.  This  volume,  divided  by  the  assumed 
velocity,  will  give  the  required  area  of  pipe  in  square  feet. 
This  result  multiplied  by  144  will  give  the  area  in  square 
inches,  from  which  the  required  diameter  of  the  standard 
size  may  be  obtained  from  any  table  of  pipe  data  and  di- 
mensions. A  simple  rule,  which  works  out  well  in  prac- 
tice, is  to  allow  0.13  sq.in.  per  i.hp.  of  engine  for  steam 
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The  branch  to  each  boiler  is  furnished  with  a  shutofE 
and  check  valve,  the  former  being  placed  "next  to  the 
boiler.  An  injector  of  sufficient  capacity  is  placed  in  a 
bypass  of  the  feed  pipe  near  the  boiler  fronts  for  use 
in  ease  of  an  accident  to  both  of  the  pumps.  Duplicate 
vacuum  pumps  should  be  furnished,  and  this  is  indi- 
cated by  notes  on  the  drawing,  although  only  one  is 
shown. 

All  .steam  separators  and  mains  which  are  free  from  oil 
should  be  draineil  through  traps  to  tlie  receiving  tank, 
unless  a  gravity-return  system  is  installed,  which  returns 
the  condensation  directly  to  the  Iwilers.  Drainage  from 
the  oil  .leparator,  and  all  other  oily  drips,  should  be  dis- 
charged into  the  nuiin  drain  pipe.  The  blowoff  pipe  from 
each  boiler  is  provided  witii  a  special  blowoff  valve,  and  is 
arranged  for  discharge  as  shown  in  the  drawing. 


pipes,  and  0.18  sq.in.  for  exhaust  pipes.  This  applies 
to  modern  engines  of  good  economy  aiul  is  on  the  side 
of  safety.  The  factor  0.12  may  also  be  used  with  good 
results  for  proportioning  the  boiler  connections,  because 
.'50  11).  of  steam  per  hr.  at  70  lb.  pressure  represents  the 
average  water  rate  of  a  simple  noncondensing  engine,  as 
well  as  the  quantity  furnished  by  one  boiler-horsepower. 

Applying  the  above  to  the  boilers  in  our  model  plant 
gives 

120  X  0.12  =  M.I  .-f/.i'/f. 
which  comes  l)etween  the  areas  of  a  4-  and  a  5-in.  pipe, 
antl  the  larger  size  has  been  used  for  the  leads  between 
the  i)oilers  and  main. 

The  size  of  ])iping  is  al.so  fixed  to  a  considerable  extent 
by  ths  outlets  left  by  the  makers  upon  engines  and  other 
pieces  of  a])])ar!itiis.     When  this  method  is  em|)l()yed.  and 
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several  branches  are  joined  into  a  single  main,  an  equa- 
tion of  pipes  is  made  use  of,  and  for  convenience  in  de- 
sign a  table  of  this  Ivind  covering  the  sizes  used  in  ordi- 
nary power  work  is  given  in  Table  1. 

TABLE  1 — AN  EQUATION  OP  PIPES 


10      12      14      16      IS      20 


10 


43  15  7 
56  20  10 
71     32    15 


3.5 


1.3     1 

1.7     1.3     1 


2.8    2 


23    13 


2.3    1.5    1 


14  130     ..  --  -- 
16  ISl    65  32  18  11.5       8  5.7  4.2  3.2  2  1.4  i 

15  243  SS  43  24  15  10.5   7.6  5.7  4.3  2.8  2  1.3  1 

20  316  115  56  32  20  14  10  7.4  5.7  3.6  2.4  1.7  1.3  1 

For  example,  the  carrying  capacity  of  a  10-in.  pipe 
is  equivalent  to  ten  -1-in.  pipes,  5%  five-inch  pipes,  and 
1.3  nine-inch  pipes,  etc. 

When  a  fractional  number  of  pipes  is  involved,  the 
change  to  a  whole  number  should  be  on  the  side  of 
safety.  For  example,  a  14-in.  pipe  is  equivalent  to  2.3 
ten-inch  pipes,  and  it  would,  therefore,  be  safe  to  join 
two  10-in.  branches  into  a  14-in.  main.  On  the  other 
hand,  a  16-in.  pipe  is  equivalent  to  only  5.7  eight-inch 
pipes,  but  the  difference  is  so  small  that  it  would  be  safe 
to  join  sis  into  a  16-in.  pipe  for  lengths  of  run  less  than 
100  ft. 

When  steam  is  to  be  carried  long  distances,  as  in  sup- 
])lying  a  group  of  buildings  from  a  central  plant.  Tables 
2,  3  and  4  may  be  made  use  of.  They  are  abridged  from 
similar  tables  published  by  the  writer  in  Power,  Septem- 
ber, 1908. 

Table  2  gives  the  pounds  of  steam  discharged  per  min- 
ute through  pipes  of  different  diameters,  100  ft.  in  length, 
for  drops  in  pressure  of  14,  1/2,  1  and  2  lb.  between  the 
two  ends  of  the  pipe. 

TA^BLE  2 — FLOW  OF  STEAM  THROUGH  PIPES   IN   POUNDS 
PER  MINUTE 

Dia  of  . Drop  in  Pressure \ 

Pipe,  In.  Vi  Lb.     H  Lb.      1  Lb.       2  Lb. 

3      8.6       12.3        17.6        25.4 

4  ■    18         26  37  53 

5  ■  '      32         46  66  95 

6  ■      52         73         106         152 

7  77        109         157         226 

S  " 108        154         222         319 

9     147        209         300         432 

10  .  : 192        273         393         567 

12      305        434         623         900 

1,5  :  ! 535        761        1090        1580 

These  values  are  for  initial  pressures  below  2  lb.  For 
liigher  initial  pressure,  multiply  the  quantities  given  in 
Table  2  by  the  factors  in  Table  3. 

TABLE    3— FACTORS    FOR  INITIAL  PRESSURE    OF  10    TO 
100  LB. 

Drop  in  ■ Initial  Pressure,  Lb. s 

Pressure,  Lb.                                         10                 30                   60  lOB 

u                             1.27               1.68               2.13  2.60 

i:, 1.26                1.66                2.11  2.58 

1 '"                 1.24                1.64                2.08  2.53 

2         ;:; 1.21               1.59              2.02  2.47 

For  lengths  of  run  other  than  100  ft,  multiply  the 
quantities  in  Table  2  by  the  factors  in  Table  1. 

TABLE  4— FACTORS  FOR  LENGTH  OF  RUNS  OTHER  THAN 
100  FT. 
Length  of  Run,  Ft.  Factor 


20 
50 
100 
200 
300 
400 
600 
SCO 
1000 


1.0 


Example — 'Uliat  sized  main  will  be  required  to  deliver 
130  lb.  of  steam  i^er  min.  a  distance  of  400  ft.,  with  an 
initial  pressure  of  100  lb.  per  sq.in.  and  a  drop  in  pres- 
sure of  1/4  11^-  ^ 


From  Table  3  the  factor  for  100  lb.  initial  pressure  and 
Vplb.  drop  is  2.6,  and  from  Table  4  the  factor  for  400-ft. 
run  IS  0.5.  Therefore,  the  quantity  to  look  for  in  Table 
2,  under  %-lb.  drop,  is 

which  corresponds  clo.'^cly  to  the   108-lb.  capacity  of  an 
8-in.  pipe. 

Weight  ok  Pii'e.  Fittings  and  Valves 

Standard-weight  steel  ur  wrought-iron  pipe  is  consid- 
ered sufficiently  strong  for  the  pressures  ordinarily  car- 
ried in  power-plant  work.  Although  guaranteed  for  only 
125  lb.  per  sq.in.,  tests  show  it  to  be  amply  safe  for  pres- 
sures somewhat  higher.  In  the  present  case,  where  the 
working  pressure  is  to  be  from  120  to  130  lb.  it  can  be 
safely  used. 

Cast-iron  fittings  are  commonly  made  in  three  weights : 
light,  for  exhaust  and  condenser  piping;  standard,  for 
pressures  up  to  125  lb.,  and  extra  heavy,  for  higher  pres- 
sures up  to  250  lb.  All  feed  piping  around  pumps  and 
boilers  should  be  of  brass,  iron-pipe  size,  made  up  with 
standard  brass  fittings.  In  general,  gate  valves  are  best 
for  high-pressure  work,  and  for  the  larger  sizes,  say  4  in. 
and  above.  The  outside  scre^\'  oi-  yoke  pattern  is  to  be 
preferred. 

For  sizes  8  in.  and  aljove,  the  bypass  type  should  be  em- 
ployed on  account  of  greater  ease  in  operation,  and  less 
liability  of  .'^coring  the  seat   when  ojiening  and  closing. 

Vi:xTiL.\riox 

The  method  of  ventilating  the  boiler  room  is  shown 
in  Figs.  1  and  2.  A  sufficient  volume  of  air  is  supplied 
to  change  the  contents  of  the  room  four  times  an  hour. 
The  fan  is  mounted  upon  the  wall  in  front  of  the  coal 
bunker,  and  takes  its  supply  through  an  intake  carried 
above  the  roof.  Air  is  deli^•ered  in  front  of  each  boiler 
through  a  downtake  pipe,  and  to  the  space  beneath  the  en- 
gine room  occupied  by  the  pumps  and  condenser.  Dis- 
charge ventilation  is  through  the  monitor.  The  engine 
room  is  ventilated  entirely  by  means  of  windows  and  mon- 
itor. 


First  .\ iiiei'ioan  Boiler  Steel — At  the  recent  meeting  of  the 
American  Boiler  Manufacturers  Association,  it  was  brought 
out  that  the  first  steel  used  for  boiler  purposes  in  the  United 
States  was  made  by  Hussey,  Wells  &  Co.,  by  the  crucible 
process,  and  put  into  a  mud  drum  on  the  boilers  of  the 
steamer  "Tom  Reese"  in  1868. 

Water-Power  Surveys  in  Sniikc  River  Basin — Topographic 
engineers  of  the  United  States  Geological  Survey  have  been 
making  profile  surveys  in  the  Snake  River  basin,  Idaho — 
surveys,  incidental  to  their  general  topographic  mapping — 
and  the  results  of  their  work  have  just  been  published  by 
the  survey  in  w'ater-Supply  Paper  347,  which  also  contains 
a    map    of    the    area    examined. 

The  Snake  River  basin  has  many  good  storage  sites,  but 
only  a  few  have  been  utilized.  .\bout  400,000  acre-feet  of 
water  can  be  stored  in  Jackson  Lake  by  a  dam  which  has 
been  constructed  by  the  Reclamation  Service.  The  largest 
site  is  at  Swan  Valley,  on  Snake  River,  where  the  water 
available  for  storage  is  approximately  4,000,000  acre-feet. 
Irrigation  has  reached  a  high  stage  of  development  in  the 
Snake  River  valley,  yet  approximately  6,000,000  acre-feet  of 
water  annually  runs  to  waste.  Eventually  these  flood  waters 
will  be  stored  and  used  to  irrigate  thousands  of  acres  of  arid 
land.  The  streams  afford  enormous  water  powers,  but  only 
a  few  sites  have  been  developed  owing  to  the  lack  of  market. 

A  copy  of  the  water-supply  paper  may  be  obtained  free 
on  application  to  the  Director  of  the  United  States  Geo- 
logical  Survey,   Washington,    D.    C 
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SYNOPSIS — ]Ylien  a  piece  of  steel  is  stretclied  it  cools 
initil  the  elastic  limit  is  reached;  if  the  stretching  is  con- 
tinued beyond  this  point,  the  temperature  rises.  The 
author  turns  a  groove  in  a  circular  specimen,  holds  it  as 
in  a  lathe  chiich  and  hangs  a  weight  upon  the  extended- 
rod  at  some  distance  from  the  groove.  The  specimen 
hends  at  the  circular  nick,  the  top  being  put  into  exten- 
sion and  cooling,  the  bottom  into  compression  and  heating. 
When  the  specimen  is  revolved,  the  heating  offsets  the 
cooling  and  the  temperature  remains  constant  until  the 
load  applied  becomes  so  great  that  the  limit  of  elasticity 
or  fatigue  limit  is  exceeded  when  the  temperature  com- 
mences to  rise.  By  observing  the  time  such  heating  he- 
gins,  the  fatigue  limit  ran  he  thus  quicklg  determined. 

m 

One  of  the  most  novel  and  interesting,  and  possibly  the 
most  important,  steps  in  the  determination  of  the  properties 
of  materials  by  means  of  physical  tests,  has  been  proposed 
and  practically  demonstrated  by  C.  E.  Strohmeyer.  chief 
engineer   of   the    Manchester   Steam    Users   Association. 

Mr.  Strohmeyer  has  apparently  solved  the  problem  of 
making  the  determination  of  the  fatigue  limit  of  materials 
practical.  Woehler,  who  was  the  chief  engineer  of  a  Prussian 
railway,  made  an  extended  series  of  tests  to  determine  the 
fatigue  limit  of  steel,  the  results  of  which  were  published  in 
ISTl;  these  tests  were  made  in  an  investigation  of  the  behav- 
ior of  car  axles  and  springs.  In  Woehler's  tests,  some  of  the 
samples  were  stressed  many  times,  a  few  being  vibrated 
upward  of  50,000,000  times  without  any  assurance  that  the>" 
would  ever  break.  On  account  of  the  length  of  time  involved, 
few  experimenters  have  attempted  to  duplicate  Woehler's 
experiments,  since  a  test  of  the  length  indicated  above  re- 
quired about  one  and  one-half  years  continuous  running. 

The  difficulty  about  the  practical  use  of  the  results  of 
Woehler's  tests  and  those  that  have  been  made  later,  was 
that  no  satisfactory  correlation  could  be  established  between 
the  results  of  the  different  tests.  As  a  makeshift  it  was  pro- 
posed to  make  several  fatigue  tests  of  a  material  arranged 
so  that  the  amount  of  stress  that  would  break  the  sample 
when  applied   about    1,000,000   times   could   be   determined   ap- 
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proximately.  Dr.  Martens,  of  Berlin,  in  order  to  overcome 
the  difliculty,  has  recently  adopted  as  a  standard  of  com- 
parison the  number  of  times  that  a  stress  of  19  tons  per 
s<iuare  inch  can  be  repeated  before  fracture  occurs. 

Mr.  Strohmeyer  reasoned  that  the  lack  of  h.armony  among 
fatigue  limit  tests  might  be  due  to  irregularity  in  the  fatigue- 
resisting  properties  of  the  different  samples  tested.  To  insure 
uniformity  so  far  as  possible,  he  arranged  his  samples  for 
bending  tests  as  shown  in  Kig.  1,  the  different  teat  points 
on  each  specimen  being  arranged  so  that  they  were  only  1 
to  H4  in.  apart,  .-inrt  therefore  six  tests  could  be  secured  of 
a   sample   In  a  length  of  6  to  9  In. 

Owing  to  the  uniformity  secured  by  means  of  the  short- 
ness of  the  sample,  the  results  of  Mr.  .Strohmeyer's  tests 
could  be  harmonized,  and  by  comparing  his  test  results  he 
found  that  the  following  formula  applied 

•An  abstract  of  the  memorandum  of  the  chief  engineer 
of  the  Manchester  Steam  Users  Association  for  1913,  issued 
June,    1914. 
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in  which  N  equals  the  number  of  repetitions  of  the  stress 
Sn;  Sn  being  the  nominal  test  stress  applied  to  the  specimen. 
Fl  the  fatigue  limit  of  the  material  under  test  and  C  a 
constant  for  the  particular  sample  under  test.  This  formula 
can  also  be  written 


Fl 


•m 


(2) 
tensile 


and  Sn  may   be  K,  according  to  whether  the   stress 
or    compressive. 

It  can  be  seen  from  inspection  that,  if  formula   (2)   is  true, 
a    determination     of    the    number    of    vibrations    required     to 
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Fig.  'Z.     Record  of  Tests 

fracture  a  sample  under  two  widely  varying  stresses  repre- 
senting Sn  would  give  a  knowledge  of  all  the  intermediate 
values  and  also  of  the  fatigue  limit  Fl.  For  example,  if. 
as  in  Fig.  2,  a  sample  which  is  stressed  to  25  tons  failed 
at  5000  applications  of  this  load,  and  when  stressed  to  only 
13  tons  failed  at  1,000,000  applications,  all  other  values  rep- 
resenting the  number  of  applications  at  which  this  sample 
would  be  supposed  to  fail  when  subjected  to  any  other  stress 
would  lie  on  the  straight  line  joining  these  two  points,  since 
the  verticals  representing  the  number  of  applications  are 
arranged  at  such  distances  from  the  "y"  axis  as  to  represent 
the  fourth  root  of  the  reciprocal  of  the  number  of  applica- 
tions. When  the  results  of  the  tests  made  on  the  close- 
spaced  specimens,  as  illustrated  in  Fig.  1,  were  plotted,  it 
was    found    that    they    did    lie    on    practically    straight    lines. 

In  making  these  tests  it  w.as  found  necessary,  in  order 
to  secure  accuracy,  to  run  one  sample  at  such  a  stress  that 
it  would  fail  at  about  1,000,000  repetitions  of  the  load,  and 
on  account  of  the  length  of  time  involved,  even  assuming 
that  the  formula  was  correct  and  that  the  fatigue  limit 
could  be  obtained  from  the  extrapolation  of  the  values  found, 
this  means  of  obtaining  the  fatigue  limit  could  not  be  con- 
sidered entirely  practical  for  use  in  the  regular  testing  of 
materials. 

Happily,  a  short  method  of  directly  determining  the  fa- 
tigue limit  of  a  material  occurred  to  Mr.  Strohmeyer  while 
making  these  tests.  This  method  was  based  on  the  principle 
that  within  the  elastic  limit  there  is  practically  no  internal 
friction  with  elastic  material,  such  as  steel,  but  that  as  soon 
as  the  elastic  limit  is  reached  the  molecular  friction  is  set 
up  and  is  manifested  by  the  production  of  heat.  If  some 
means  could  be  devised  to  detect  the  first  signs  of  a  tem- 
perature rise  in  a  specimen  under  test,  Mr.  Strohmeyer 
reasoned  that  the  stress  applied  at  that  instant  would  rep- 
resent the  fatigue  limit  or  the  true  elastic  limit  of  the 
material   under  test. 

Acting  on  this  idea,  some  samples  were  tested,  which  were 
surrounded  by  a  loose-fitting  sleeve  of  rubber.  Water  was 
passed  in  the  space  between  the  tube  and  sample  while  the 
test  was  In  progress  and  the  temperatures  of  the  water  at 
the  inlet  and  outlet  were  taken. 

When  a  difference  of  one  degree  Centigrade  was  noted, 
the  fatigue  limit  was  supposed  to  have  been  reached  and 
It  was  found  that  the  fatigue  limits  Indicated  In  this  way 
were   very   clearly   defined. 

What  was  considered  of  much  more  Importance  than  the 
good    (Icfinition    of    the    fatigue    limit,    was    that    the    fatigue 
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limits  arrived  at  by  this  means  agreed  remarkably  well  with 
those  as  found  by  extrapolation  of  the  series  of  tests  carried 
to  the  point  of  failure.  The  reason  of  the  importance  of  this 
agreement  is  that  it  indicates  that  the  formula  as  stated 
above  applies  to  an  infinite  number  of  applied  stresses  as 
well  as  between  the  limits  through  which  it  was  derived. 

With  this  means  of  determining  the  fatigue  limit  of  ma- 
terials available,  it  is  only  necessary  to  start  to  test  a  sample 
and  gradually  increase  the  stress  applied  until  the  fatigue 
limit" is  reached  and  then  to  increase  the  stress  at  once  to 
such  a  point  that  failure  will  occur  after  a  few  thousand 
applications. 

By  noting  the  number  of  applications  required  to  break 
the  specimen  at  this  high  stress  and  the  application  of  the 
formula  given  above,  all  the  intermediate  values  may  be 
obtained.  Torsional  fatigue  tests  were  made  on  the  same 
principle  and  the  fatigue  limits  determined  in  the  same 
manner. 

In  comparing  the  fatigue  limits  of  several  sets  of  these 
torsional  tests  where  a  number  of  tests  had  been  made  on 
each  sample,  it  was  discovered  that  the  agreement  between 
the  fatigue  limits,  as  found  for  such  samples,  were  equally 
as  good  as  the  agreement  between  the  tensile  strengths 
found  by  testing  a  number  of  samples  cut  from  a  plate,  side 
bv  side. 

The  agreement  was  also  as  good  as  that  found  for  the 
tensile  strength  of  forty-one  steel  bars  as  tested  by  Dr.  Mar- 
tens, who  tested  this  number,  of  five-foot  lengths,  by  taking 
a  sample  from  each  end  and  two  from  the  middle.  It  was 
hoped  by  Mr.  Strohmeyer  that  fatigue  limit  determinations 
under  tensile  stress  would  furnish  results  in  still  closer 
agreement,  a  machine  being  in  process  of  construction  which 
would  permit  tests  of  this  character  being  made.  To  illustrate 
how  this  method  of  testing  and  the  formula  derived  may  be 
a  verv  practical  aid  in  selecting  the  best  material  for  a  given 
purpose,  two  examples  from  the  many  tests  made  were 
selected.  The  first  specimen  of  steel  selected  was  found  to 
have  a  fatigue  limit  of  12.60  tons  per  square  inch  and  the 
value  of  constant  C  was  found  to  be  0.504,  or  the  formula 
giving  the  number  of  vibrations  to  failure  would  be 
_  10«  X  0  504 
"  {.Sn  -  12.60)- 
The  other  sample  selected  showed  a  fatigue  limit  of  11.10  tons 
per  square  inch  and  a  constant  C  of  2.42.  If  the  duty  ex- 
pected of  a  material  Avas  such  that  no  shock  was  to  be 
experienced  that  would  stress  the  metal  beyond  its  true 
elastic  limit  or  its  fatigue  limit,  the  first  material  with  the 
highest  fatigue  limit  would  be  selected. 

If,  however,  the  nature  of  the  work  was  such  that  the 
elastic  limit  must  be  exceeded,  the  material  with  the  highest 
coefficient  C  would  be  selected.  As  will  be  seen  by  assuming 
a  working  stress  Sn  of  sixteen  tons  per  square  inch,  the 
first  sample  given  above  would  be  expected  to  stand  only 
4S0  repetitions,  while  the  second  should  be  able  to  resist  about 
60,000  applications  of  such  a  stress  before  failure  would  re- 
sult. The  time  involved  in  making  a  complete  fatigue  limit 
test  of  a  sample  by  Mr.  Strohmeyer's  method  is  only  one  to 
two  hours,  which  places  such  tests  on  a  basis  that  will  permit 
their  practical  use.  The  author  states  that  before  recommend- 
ing the  fatigue  test  for  the  practical  determination  of  the 
suitability  of  a  material  for  any  particular  purpose,  the  work 
of  correlating  the  results  of  such  tests  with  practical  experi- 
ence in  failures  will  have  to  be  completed.  Work  of  this 
character  has  already  been  started  in  the  investigation  of 
a  number  of  failures  of  copper  pipes,  which  failed  on  account 
of  the  movement  of  the  engines  to  which  they  were  attached. 

Electricity  in  the  .\iithracite  Industry — The  introduction 
of  electricity  in  any  great  quantity  into  the  mines  is  not  more 
than  two  decades  old.  The  first  electrical  installation  was 
made  in  1S87  by  the  Pennsylvania  R.R.  In  1SS9  the  Thompson- 
Houston  Co.  installed  a  locomotive  and  a  generating  station 
in  the  Erie  Colliery  of  the  Hillside  Coal  &  Iron  Co.  and  this 
locomotive  was  in  continuous  service  until  1911.  The  first 
electric  pump  was  installed  in  1S90,  and  it  has  been  in 
continuous  operation   ever  since. 

The  present  total  capacity  of  supply  purchased  or  gen- 
erated is  105,400  hp.  compared  with  440,300  hp.  produced  by 
steam  for  direct  use.  Today  there  are  169  miles  of  wooden 
pole  lines  above  ground  and  754  miles  of  trolley  wire  below 
ground  in  the  anthracite  mines.  There  are  951  electric 
locomotives  using  an  estimated  amount  of  over  60,000  hp. 
The  other  electrically  operated  equipment  requires  19,170  hp. 
for  breakers  and  miscellaneous  machinery,  23,280  hp.  for 
electric  hoists,  38,500  for  electrically  driven  pumps,  2920  for 
coal-cutting  machines,  3650  for  lighting  and  about  100  for 
heating.  There  are  now  five  breakers  equipped  with  individu- 
al motor  drives,  and  others  are  under  course  of  construction. 
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See  that  the  Maxim  silencer  has  taken  root  in  our  field. 
We  need  a  noise  trap  for  more  than  one  kind  of  "sound  wave" 
in  our  midst.  Hope,  though,  it  does  not  clap  the  muffler  on 
our  old-time  friend,  What-Caused-the-Knock. 

The  New  York  "Sun"  sure  has  a  grim  sense  of  humor. 
Read   this; 

The  executioner  at  Charlestown,  Mass.,  state's  prison  has 
notified  the  warden  that  on  account  of  hard  times  he  will 
reduce  his  price  for  ,lectrocuting  condemned  prisoners.  It 
is  believed  he  is  not  seeking  to  stimulate  business,  but  rather 
to  preclude  his  substitution   by  a  cheaper  man. 

And   this   item   is   printed   under   the   heading   "Sunbeams"! 

The  first  chairman  of  one  of  the  first  of  the  public  service 
commissions  seven  years  ago  made  this  prophetic  pronounce- 
ment; "The  public  will  ultimately  have  what  it  wants.  If 
it  has  set  up  machinery  which  does  not  produce  the  results 
it  desires,  that  machinery  will  surely  be  relegated  to  the 
junk  heap  and  a  new   installation  made." 

One   big  reason   for  creating  this  type   of  commission   was 
to  secure  relief  from  unjust  treatment  by  the  powerful  public 
service   companies.      Looks   like   old   man   Public   will   have   to 
wake   up  and   exercise   his   prerogatives. 
ssi 

Here's  a  new  use  for  a  barometer,  as  set  forth  by  the 
"Chicago  Herald;" 

X  bricklaver  lay  ill,  and  the  doctor,  having  done  what  he 
could  told  the  man's  wife  to  take  his  temperature  in  the 
morning.  Calling  the  next  day,  the  doctor  asked  if  his  instruc- 
tions had  been    followed.  •    .    , 

"Well,  we  hadn't  a  'tremometer,'  "  the  good  woman  replied, 
"but  I  put  a  barometer  on  his  chest  and  it  went  up  to  'very 
dry.'     So  I  gave  him  a  bottle  of  beer  and  he's  gone  to  work.' 

When  it  comes  to  a  "get  together,"  the  alert  engineer  is 
some  swarmer!  Electrical,  mechanical  and  civil,  they  gath- 
ered in  Boston  recently  to  hear  Brother  Waite  tell  how,  as 
city  manager  of  Dayton,  Ohio,  that  city  of  125,000  men,  ladies 
and  kids  is  taken  care  of  on  a  strictly  business  basis.  "Exit 
the  Politician — Enter  the  Engineer"  is  the  title  of  one  of  this 
week's  editorials.  The  news  story  is  on  page  795.  Read  'em 
both!  They  are  most  digestible  food  for  thought,  so  take  a 
big  mental  bite  out  of  each. 

W. 
Lives  of  engineers  remind  us 

That  their  lives  can't   be   sublime 
While  they're  poked  down  in  a  basement, 
Working  seven  days  at  a  time! 

A  lady  fireman  has  been  forbidden  to  operate  a  New  York 
schoolhouse  boiler,  though  she  has  a  police  department  license^ 
to  run  any  boiler  not  over  90  lb.  pressure.  The  board  of 
education  has  put  on  the  kibosh.  Is  this  one  more  reason 
w-hy  the  power  to  grant  licenses  should  be  taken  away  from 
the  cops? 

:« 

Of  course  you  were  pleased  with  the  "National  Engineer's" 
reproduction  of  the  engrossed  resolutions  of  appreciation  the 
X.  A.  S.  E.  presented  the  Allis-Chalmers  folks  for  courtesies 
extended  during  the  Milwaukee  convention.  It  was  a  fine 
touch   of  appreciation. 

■^: 

The  Milwaukee  Efficiency  Society  recently  listened  to  a 
lecture  on  "The  Human  Eye  and  Protective  Measures  for 
Keeping  It  in  Working  Condition."  They  sure  gave  good 
measure  with  all  the  eye-openers  we  glimpsed  during  our 
recent  brief  visit  to  that  charming  city  while  under  the  care 
of    Drs.    Wickert,    Peterson    and    Mistele. 

"The  policy  of  home  rule  of  utilities — that  is  to  say,  local 
instead  of  state  regulation  of  privately  owned  plants — proved 
to  be  in  several  cases  only  a  frankly  admitted  disguise  to 
cover  a  real  policy  of  public  ownership  and  operation,"  re- 
marks the  "Electrical  World"  of  the  recent  Mayors'  Confer- 
ence in  Philadelphia.  Let's  wait  and  see  what  is  the  outcome 
of  the  Utilities  Bureau.  Mebbe  New  York  City  could  have 
decided  the  Edison  rate  case  long  ago  if  this  growing  little 
village  did  not  have  to  appeal  to  those  state-appointed,  fifteen- 
thousand-dollar   Public   Service   fellers. 
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A  larjje  attendance  of  engineers  representing  all  branches 
of  the  profession  gathered  at  Chipman  Hall,  Boston,  on  Nov. 
IS,  to  hear  an  address  by  Henry  M.  Waite.  city  manager  of 
Dayton,  Ohio,  upon  "The  City  Manager  Plan  and  Its  Relation 
to  the  Engineering  Profession."  The  meeting  was  under  the 
auspices  of  the  Boston  Society  of  Civil  Engineers  and  the  Bos- 
ton sections  of  the  American  Institute  of  Electrical  Engineers 
and  the  American  Society  of  Mechanical  Engineers.  Mr.  Waite 
discussed  the  city  charter  of  Dayton  at  length,  pointing  out 
the  efficiencies  in  municipal  administration  secured  under  the 
commission-manager  plan,  which  in  11  months'  trial  at  Dayton 
has  appeared  to  completely  realize  the  divorce  of  municipal 
administration  from  politics  and  the  concentration  of  respon- 
Fibility  for  all  public  business,  long  seen  by  acute  observers 
to  be  one  of  the  most  desirable  attainments  to  be  secured  in 
American   life. 

On  the  engineering  side,  the  speaker  touched  upon  the 
benefits  of  financing  and  administering  water-works  and 
sewer  systems  on  a  purely  business  basis,  paying  as  the  city 
goes,  and  he  pointed  out  that  most  of  the  great  problems  of 
the  modern  city  are  of  an  engineering  nature.  The  publicity 
of  the  city-manager  plan  is  one  of  its  strongest  features. 
In  conclusion,  the  speaker  urged  engineers  entering  this  field 
to  cultivate  the  power  of  presenting  cases  on  their  feet  to 
public  boards,  stating  that  inability  to  speak  is  a  serious  han- 
dicap to  personal  efficiency.  Former  Mayor  James  Logan,  of 
Worcester,  Mass.,  also  addressed  the  meeting  upon  the  im- 
portance of  devotion  to  civic  responsibilities  by  the  engineer. 

M®©ft§  nsa  ILa  SsilE®  Inloftel 

On  Friday  evening,  Nov.  20,  the  Chicago  section  of  the 
American  Society  of  Mechanical  Engineers  held  its  first  meet- 
ing of  the  season  in  the  Louis  XVI  Room  of  the  La  Salle 
Hotel.  The  meeting  was  of  the  informal  dinner  variety  so 
popular  last  season.  Fully  140  sat  at  table.  Promptly  at  S 
o'clock  Chairman  S.  G.  Neiler  opened  the  meeting  with  a 
few  words  of  thanks  to  last  year's  committee  for  suggestions 
and  assistance   in  getting  things   under  way. 

WINSLOW    HIGH-PRESSURE    BOILER 

W.  H.  Winslow,  the  first  speaker,  aroused  a  great  deal  of 
interest  as  he  explained  the  construction  and  operation  of 
ills  new  high-pressure  boiler.  He  dwelt  briefly  on  what  had 
been  done  in  the  way  of  experimental  work  during  the  last 
four  years  and  of  the  fields  to  which  the  boiler  would  be 
applied.  Mr.  Winslow  touched  upon  the  possibilities  of 
high  pressures  and  of  the  Stumpf  una-flow  engine,  which 
appears  to  be  the  prime  mover  best  adapted  for  high  pres- 
.sure  and  superheat.  Naturally  much  of  the  talk,  which  was 
thoroughly  illustrated  with  lantern  slides,  was  along  the 
same  lines  as  the  article  on  other  pages  of  this  issue  de- 
scribing the  boiler,  so  that  repetition  here  will  be  unneces- 
sary. 

Henry  A.  Allen,  consulting  engineer  for  the  City  of  Chi- 
,  cago,  was  scheduled  to  lead  the  discussion.  He  referred 
I  briefly  to  the  old  rectangular  marine  boiler  carrying  20  lb. 
pressure,  the  Herreshoff  boiler  of  later  date  and  a  modern 
boiler  in  a  water-works  plant  under  220  lb.  pressure.  It 
was  his  belief  that  the  new  boiler  was  specially  adapted 
for  portable  use,  such  as  for  the  automobile  truck  or  bus 
and  the  large  tractor  plow.  In  either  service,  steam  had  the 
advantage  over  the  Internal  combustion  engine.  With  Its 
multiplicity  of  parts,  the  Winslow  boiler  had  all  the  ad- 
vantages of  the  Herreshoff  in  portable  work.  This  con- 
struction eases  up  on  the  work  of  regulating  the  feed  pump. 
The  small  flexible  tubes  to  the  steam  header  were  to  be  com- 
mended for  work  where  vibration  could  be  expected.  It  was 
his  final  conclusion  that  for  different  lines  of  work,  boilers 
must  be  specially  designed,  the  portable  field  requiring 
different  construction  than  a  boiler  for  stationary  use.  In 
Ihc  latter  It  was  an  advantage  to  have  a  considerable  quan- 
tity of  water  In  circulation.  The  present  boiler  possessed 
novel  features,  having  many  good  points  for  different  kinds 
or  work.  With  Its  small  tubes  It  belonged  to  the  safe  type 
and  possessed  the  advantage  of  flexibility.  The  final  test, 
I'owever,    was    use,    and    he    wished    Mr.    Winslow    every    suc- 

s,   as  better  portable   outfits   were  badly   needed. 

Robert  Cramer,  engineer  of  the  Winslow  company,  was 
'ire  optimistic  on  the  possibilities  of  the  boiler  than  his 
1  rcdecessor.  While  believing  that  It  was  the  best  portable 
1  oiler.  It  was  his  conviction  that  the  Winslow  boiler  would 
lind  Its  way  Into  the  largest  power  plants  and  would  show 
results  at   least   12   per  cent,   higher   than   the   best  obtainable 


today.  The  cleaning  facilities  could  be  easily  improved  and 
other  difficulties  would  be  met  as  they  come  to  them.  A 
few  sections  in  reserve  instead  of  entire  units  was  an  im- 
portant point.  The  boiler  consisted  of  parts  of  small  bulk 
and  weight  which  could  be  taken  through  small  areas,  and 
the  boiler  built  up  in  place.  For  marine  use  they  could  get 
in  a  given  space  larger  boiler  capacity  than  was  possible 
with  any  other  type.  Four  years  had  been  spent  in  develop- 
ing the  boiler  to  a  point  where  they  at  least  were  satisfied 
that  it  was  better  than  anything  else  offered  for  the  purpose 
heretofore. 

BOILER  EFFICIENCY  METERS  AND  EUROPEAN  BOILER 
PRACTICE 

W.  A.  Blonck,  maker  of  the  boiler  efficiency  meter,  intro- 
duced his  remarks  of  the  evening  by  a  vivid  account  of  his 
experiences  in  Europe,  from  which  he  had  just  returned. 
Briefly  he  explained  the  principles  of  his  meter,  with  the  red 
and  blue  fluids  showing  the  drop  in  draft  through  the  fur- 
nace and  the  setting,  respectively.  His  new  recording  meter 
was  flashed  upon  the  screen  with  a  number  of  other  slides, 
and  charts  made  up  from  the  records  of  his  instruments  were 
shown.  It  was  with  considerable  pride  that  he  displayed  a 
certificate  of  merit  from  the  Franklin  Institute,  granted  after 
an  investigation  by  the  committee  on  science  and  arts,  on  the 
novelty  of  his  work  in  establishing  the  zero  point  for  the 
efficiency  meter. 

In  the  latter  part  of  his  talk,  Mr.  Blonck  turned  to  Euro- 
pean boiler  practice.  By  means  of  slides  he  showed  the  fine 
architectural  design  of  the  buildings  and  the  efforts  made 
to  add  to  the  appearance  of  the  stack.  Cross-sectional  view.; 
showed  the  unit  design  generally  followed  and  the  small 
bunker  capacity  for  coal.  The  latter  was  stored  on  the 
ground  and  conveyed  to  the  boiler  as  needed.  The  injector 
draft  chimney  was  in  frequent  evidence  and  ash-handling 
facilities  were  a  negative  quantity,  due  largely  to  cheap 
labor.  Small  steam  pipes  with  velocities  up  to  14,000  ft.  per 
min.  were  also  a  feature. 

Much  of  the  latter  part  of  the  talk  centered  around  the 
high-duty  boiler  with  built-in  economizer.  The  gases  made 
a  single  pass  through  the  heating  surface  to  an  economizer 
having  nearly  as  much  surface  as  the  boiler.  Diagrams 
were  presented  to  show  the  difference  in  temperature  between 
the  gases  and  the  "water  in  the  type  under  discussion  and  in 
the  normal  boiler  with  independent  economizer.  For  the 
high-duty  boiler  a  greater  difference  was  apparent,  indicating 
better  heat  absorption.  In  each  case  the  exit  temperature 
of  the  gases  was  about  the  same. 

Evaporation  tests  and  heat  balances  of  a  high-duty  boiler 
at  Hamburg  were  presented.  The  boiler  contained  3700  sq.ft. 
of  heating  surface,  10.50  sq.ft.  of  superheating  surface,  3110 
sq.ft.  of  economizer  surface  and  149. .i  sq.ft.  of  grate  surface. 
The  ratios  of  heating  to  other  surfaces  in  their  respective 
order  are  3.52,  1.19  and  24. S.  The  grate  has  double  the  area 
that  would  obtain  in  standard  practice  in  this  country. 
Fuel  beds  are  only  3  or  4  in.  thick  and  require  an  immense 
amount  of  attendance.  At  normal  load  an  evaporation  f. 
and  a.  212  deg.  of  10.24  lb.  of  water  per  pound  of  coal  as 
fired  was  obtained.  The  efficiency  of  the  boiler  was  70.6 
per  cent.;  of  boiler  and  superheater,  77.3  per  cent.,  and  of 
the  total  installation  86. 3  per  cent.  The  coal  had  a  heat 
value  of  13,650  B.t.u.  The  loss  In  the  flue  gases  was  10.5  per 
cent,  and  in  radiation  3.2  per  cent.  The  temperature  differ- 
ence between  the  outgoing  gases  and  the  water  in  the  econ- 
omizer  was   about    130   deg. 

In  the  discussion,  Joseph  Harrington  thought  that  the 
German  boiler,  due  to  its  arrangement,  had  the  advantage 
of  economy  in  floor  space.  The  Individual  "megaphone" 
stacks  did  not  look  pretty,  but  there  was  one  for  each  boiler, 
so  that  the  area  was  always  in  proportion  to  the  boiler  it 
served.  Too  much  area  frequently  found  In  a  stack  designed 
for  present  and  future  Installations  was  almost  as  bad  as  too 
little.  The  criterion  of  overall  efficiency  was  the  amount  of 
waste  heat  going  up  the  stack.  In  the  test  figures  given  this 
was  found  to  be  exceptionally  low.  The  large  grate  surface, 
100  per  cent,  excess  air  and  10  per  cent.  COz,  were  out  of 
harmony  with  our  Ideas.  As  to  the  Blonck  meter,  it  was  all 
right.  It  was  Just  as  accurate  an  Instrument  as  any  ever 
built,  and.  If  rightly  Interpreted,  should  be  of  great  value 
In    the   boiler  room. 

MECHANICAL.  FILTERS 
Walter  H.  Green,  chief  engineer  of  the  International  Filter 
Co..  talked  on  mechanical  Alters,  dwelling  on  methods  of 
rating  and  some  of  the  experiences  his  company  had  had 
with  prospective  customers.  He  explained  that  a  mechanual 
sand  niter  was  more  rapid  because  a  coagulant  was  used,  but 
that  there  was  a  limiting  rate  at  which  a  filter  could  be 
properly  worked.  Reference  was  made  to  the  tendency  of 
Inst.TllInc    niters    that     were    too    small.       In    some    cases    the 
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filter  had  to  be  bypassed,  as  the  necessary  amount  of  water 
could  not  be  forced  through.  It  was  a  question  whether  to 
use  sand  or  quartz.  Either  will  work,  as  both  are  practically 
the  same  thing,  except  that  the  sand  is  used  in  its  natural 
state  and  the  quartz  must  be  ground.  There  was  a  difference 
in  sand,  however,  and  some  discretion  was  required  in  making 
a  proper  selection.  Sand  with  grains  of  uniform  size  was 
desirable,  and  if  this  was  obtained,  it  gave  better  results 
than  quartz,  as,  due  to  the  mechanical  grinding,  uniformity  in 
the  size  of  the  particles  could  not  be  expected. 


fluxes  of  which  iron  is  the  most  potent.  In  his  opinion  sul- 
phur did  not  follow  any  rule,  although  when  combined  with 
iron  in  the  form  of  pyrite  It  invariably  produced  a  low-fusing 
temperature. 

The  fusing  temperature  to  be  specified  in  the  purchase  of 
coal  will  depend  on  the  load  conditions.  Where  the  boilers  are 
forced,  a  high  furnace  temperature  will  be  had,  in  which 
case  with  Pennsylvania  coal  the  speaker  recommended  2600 
to  2700  deg.  Of  course  for  lower  rates  of  driving  and  differ- 
ent coals  somewhat  lower  temperatures  should  be  specified. 


At  a  joint  meeting  of  the  Philadelphia  Engineers  Club  and 
the  local  branch  of  the  A.  S.  M.  E..  on  Saturday  evening, 
Nov.  21,  F.  C.  Hubley,  assistant  engineer  of  tests  of  the 
American  Bridge  Co.,  read  an  instructive  paper  on  the  clink- 
ering  of  bituminous  coals. 

As  the  speaker  pointed  out,  coal  is  now  commonly  pur- 
chased on  specifications,  based  on  analyses  and  a  B.t.u.  de- 
termination. This  information,  while  desirable,  is  not  con- 
clusive as  to  the  probable  behavior  of  the  coal:  therefore,  it 
should  be  accompanied  by  a  knowledge  of  the  clinkering 
properties  and  the  fusing  temperature  of  the  ash.  The  latter 
is  more  or  less  indeterminate  and  is  not  as  important  as  the 
fusing  range,  represented  by  the  temperatures  between  which 
the  ash  starts  to  soften  and  runs  freely.  Experience  has 
shown  that  a  long-range,  slow-fusing  ash  produces  a  trouble- 
some gummy  clinker,  whereas  one  having  a  short-range  forms 
a  porous  clinker  which  can  easily  be  broken  up.  In  view  of 
this,  one  should  select  a  coal  having  a  short  range,  the  upper 
limit  of  which  is  well  above  the  maximum  temperature  likely 
to  occur  in  the  furnace  in  which  it  will  be   used. 

Mr.  Hubley  described  two  methods  of  predetermining  the 
fusing  range  which  have  been  employed  by  the  American 
Bridge  Co.  The  first  of  these  was  the  "cone"  method  which 
owing  to  the  time  required,  has  now  been  superseded  by  the 
"fusiometer,"  an  instrument  for  recording  the  softening  of 
the  ash  with  corresponding  rises  in  temperature. 
CONE  METHOD 
A  sample  of  the  coal  is  first  ground  to  pass  through  a 
50-mesh  screen  and  is  then  burned  to  ash  at  a  dull  red  heat. 
The  ash  is  next  mixed  with  water  to  form  a  paste  which  is 
placed  in  a  hard-wood,  cone-shaped  mold;  glazed  paper  be- 
tween the  ash  and  the  mold  prevents  sticking.  It  is  then 
baked  at  about  250  deg.  until  the  ash  forms  a  solid  cone,  upon 
which  it  is  removed  from  the  mold  and  placed  in  a  gas 
furnace  for  three  minutes.  The  temperature  of  the  furnace  is 
under  control  and  is  measurej  by  a  thermo-couple.  By  sub- 
jecting a  number  of  cones  to  different  temperatures  and  not- 
ing the  relative  deformations,  the  fusing  range  can  be  ar- 
rived at  and  a  curve  plotted.  The  color  of  the  cone  is  also 
an  indication  of  its  fusibility,  a  light  brown  accompanying 
little  or  no  deformation  and  a  dark  brown  or  purple  denoting 
complete   softening  of  the  cone. 

FUSIOMETER 
In   this  case   the   dry   ash   is   prepared   as   before   and    then 
compressed    under    a    pressure    of    25,000    lb.    per    sq.in.    into    a 
pellet,    %    in.  diameter  and    %    in.   high. 

The  fusiometer  consists  essentially  of  a  frame  carrying  a 
small  gas-fired  furnace  into  which  project  two  carbons  set  on 
a  common  axis.  Between  the  carbons  is  placed  the  ash 
pellet  under  a  pressure  of  H4  lb.  The  upper  carbon  is  free 
to  move  up  and  down  and  is  attached  to  a  pointer  which 
magnifies  twelve  times  on  a  scale  any  expansion  or  contrac- 
tion of  the  pellet.  The  temperature  of  the  furnace  is  meas- 
ured by  a  thermo-couple.  Thus  by  subjecting  the  pellet  to 
gradual  increases  of  temperature,  the  corresponding  expan- 
sion or  contraction  can  he  noted  and  the  fusing  range  deter- 
mined from  the  curve  plotted. 

At  first  the  carbons  will  e.xpand,  but  later  the  pellet  will 
soften  and  decrease  in  thickness  until  it  finally  collapses.  In 
these  fusiometer  determinations  the  fusing  temperature  has 
been  chosen  arbitrarily  as  the  point  at  which  the  pellet  has 
settled  to  half  its  original  height;  at  this  point  the  ash  be- 
gins to  flow.  A  furnace  temperature  of  2700  deg.  P.  may 
be  attained  with  illuminating  gas  and  over  3000  deg.  with 
blau  gas. 

In  commenting  upon  the  composition  of  the  ach  as  affect- 
ing the  fusing  qualities,  Mr.  Hubley  said  it  had  been  the 
experience  of  this  company  that  iron  oxide  and  calcium  sul- 
phate tended  to  produce  low-fusing  temperatures.  Of  the 
constituents  of  ash.  aluminum  appears  to  be  the  most  in- 
fusible, fusing  at  about  3200  deg.;  silica  comes  next,  fusing  at 
about   2900   deg.;   and   the  other  elements  may   be   regarded    as 


Prof.  L.  H.  Harris,  formerly  professor  of  electrical  engi- 
neering in  the  University  of  Pittsburgh,  has  been  appointed 
consulting  engineer  to  the  Public  Service  Commission  of 
Pennsylvania.  In  conjunction  with  Prof.  R.  H.  Pernald  he 
has  just  completed  the  commission's  first  important  publica- 
tion, a  booklet  on  service  rules  and  regulations  pertaining  to 
electricity,  gas  and  heat. 


The  Detroit  KnBineeriuK  Soeiety  schedules  the  following 
meetings: 

Dec.  4.  M.  Luckiesh,  of  the  Nela  Research  Laboratory, 
Cleveland,  Ohio,  "Importance  of  Direction,  Quality  and  Dis- 
tribution of  Light." 

Dec.  18.  Dean  M.  C.  Cooley,  department  of  engineering, 
University    of   Michigan,    "Engineering    in    a    Broader    Aspect." 

Jan.  8.  1915.  E.  T.  Howson.  engineering  editor,  "Rail- 
way Age  Gazette,"  Chicago,  "Heavy  Construction  Work  in 
Railroad    Building." 

Jan.  22,  1915.  Prof.  H.  S.  Sadler,  University  of  Michigan, 
"Gleanings  from   the  University  of  Michigan  Naval  Tank." 

Brooklyn  Combined  KnsineerN — The  seventh  annual  enter- 
tainment and  reception  of  the  Combined  Associations  of 
Engineers  of  the  Borough  of  Brooklyn,  N.  T.,  was  held  on 
Saturday  evening,  Nov.  21,  at  Kismet  Temple,  Brooklyn,  N.  Y. 
The  entertainment  program,  consisting  of  four  vaudeville 
numbers  and  a  minstrel  show  by  the  N.  A.  S.  E.  "Bunch,"  was 
greatly  enjoyed  by  the  large  attendance,  which  included  many 
prominent  engineers  and  representatives  from  the  various 
supply  houses..  Dancing  concluded  the  night's  fun.  A.  F. 
Theirgard  was  the  floor  manager.  Brooklyn  Associations 
Nos.  8,  27,  41,  57,  Melville  Council  No.  9,  of  the  Universal 
Craftsmen  and  the  Modern  Science  Club,  comprise  the  Com- 
bined Associations  of  Brooklyn. 


Floyd  F.  Woods  has  been  appointed  sales  manager  for  the 
Epping-Carpenter  Pump  Co.,  of  Pittsburgh,  Penn..  taking  the 
place  of  R.  Bowen,  who  is  no  longer  connc-cted  with  the 
company. 

The  Mountain  Ice  Co.  is  putting  a  219  kv.-a.  Terry  turbo- 
alternator  set  in  its  plant  at  Gouldsboro,  Penn.,  and  the 
Excelsior  Needle  Co.,  which  is  adding  a  new  three-story  build- 
ing to  the  plant  at  Torrington,  Conn.,  is  installing  a  375  kv.-a. 
Terry   turbo-alternator   set. 

Giftord-Wood  Co.,  Hudson,  N.  Y.,  is  issuing  a  booklet  con- 
taining a  valuable  article  on  the  Basin  Saw  and  its  value 
to  the  ice  harvester,  by  Frank  H.  Abbey.  It  is  a  well 
illustrated  educational  article  and  is  sent  free  to  anyone 
interested   in   ice   and   harvesting   of  ice. 

Warren  Webster  &  Co.,  Camden,  N.  J.,  has  just  issued  a 
64-page  book  which  should  interest  every  power-plant  man. 
The  title  is  "Heating  the  Manufacturing  Plant  by  the  Webster 
System."  It  illustrates  plant  after  plant  in  which  the  Web- 
ster Vacuum  System  of  Steam  Heating  is  used,  and  gives  in 
industrially  classified  form  the  names  of  a  large  number  or 
concerns  which  have  adopted  it.  Copies  of  the  book  are  sent 
on   request. 

The  Brown  Instrument  Co.,  of  Philadelphia,  has  just  moved 
into  its  new  shops  at  Wavne  Junction,  where  it  has  increased 
and  improved  facilities  for  the  manufacture  of  its  instruments 
of  precision,  such  as  pyrometers,  voltmeters,  ammeters,  etc. 
It  is  most  interesting  to  see  how  modern  machine-shop 
methods  and  development  have  been  applied  to  this  line  ot 
work,  which  requires  the  maintenance  of  delicate  standards 
and  the  preservation  of  cleanliness  and  accuracy,  and  visitors 
are  always  welcome. 
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WHO  is  it  in  dread  war's  fell 
strife 
That   looms    so    large    in 
death,  in  life, 
As  he  whose  post  is  far  below, 
'Midst  hissing  steam  and  furnace  glow? 
The  warship's  engineer. 


WTio  is  it  when  the  stricken  craft 
Is  dealt  a  blow  that,  fore  and  aft. 
Upheaves   and   rends   her,   marks  her 

doom — 
Who  "stands  by"  in  the  engine  room? 
The  warship's  engineer. 


W^o  is  it  calm  and  steady  stands 
And  works  where  Duty's  stem  demands 
Make  him  a  helpless  victim  there 
That  those  on  deck  may  do  their  share  ? 
The  warship's  engineer. 


It    ^     .-:^ 


W^ho  is  it  when  the  tale  is  told 
Of  brave  deeds  done  by  sailors  bold 
Has  "gone  down  with  his  ship"  to  save 
His  fellows  from  a  deep-sea  grave  ? 

The  warship's  engineer. 


Who  is  it  in  dread  war's  fell  strife 
Should  get  from  us  in  peaceful  life 
Due  meed  for  work  that  WE  well  know? 
On  whom  shall  we  our  praise  bestow? 
The  warship's  engineer. 
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SYNOPSIS — De>>r.rihing  Ihe  design  and  operation  of 
equipment  in  the  Sargent's  Wharf  station  of  the  Quincij 
Market  Cold  Storage  &  Warehouse  Co.,  Boston,  Mass. 
The  companij  has  a  total  rated  capacity  of  iOOO  tons  daily, 
the  .station  having  a  1000-ton  compressor,  the  largest 
ever  built  and  embodying  mo.'it  interesting  features  of 
design.  The  system  is  in  two  jiarts,  a  warehouse  system 
having  seventeen  large  houses  and  a  street  system  having 
six  miles  of  piping  and  supplying  800  separate  services. 
In  hot  weather  as  much,  as  50,000,000  gal.  of  brine  is 
circulated  daily.  Every  possihle  precaution  is  taken  to 
insure  continuous  service  the  year  around,  for  service  in- 
terruptions here  are  as  much  to  be  feared  as  those  in  elec- 
tric central-station  and  in  railway  practice. 

IXTRODUCTOKT 

Millions  of  dollars  is  a  lot  of  money.  Whon  invested  in 
perishable  foodstuffs,  the  market  value  of  which  fluctu- 
ates, and  supplying  the  most  densely  populated  section  of 
this  continent,  the  problem  of  preserving  these  products 
is  one  of  great  economic  and  engineering  importance. 
We  will  consider  only  the  engineering  part  of  the  prob- 
lem. 

Right  here,  the  writer  wishes  the  reader  to  understand 
that  in  this  plant  iminterrupted  service  is  paramount.  To 
shut  down  is  unthinkable. 

Service  is  sold  on  a  guarantee  that  the  temperature  will 
not  vary  more  than  one  degree.  Suppose  the  plant  fails 
only  for  a  short  time  in  summer;  then  the  temperature 
rises  and  hundreds  of  thousands  of  dollars'  worth  of  prod- 
uce may  be  ruined.  The  dealer  can  claim  damages  for 
his  loss,  and  there  is  always  the  possibilitj'  that,  should  the 
service  fail  and  the  temperature  rise  considerably  at  a 
time  when  the  market  value  of  the  produce  is  going  do'mi, 
with  every  indication  that  it  will  not  rise  soon,  the  dealer 
might  sue,  claiming  injury  to  his  produce,  and  thus  try 
to  recover  a  loss  or  avoid  an  impending  one.  Where  over 
800  customers  are  served  on  the  street  system  alone  and 
seventeen  large  warehouses  are  filled  witli  perishable 
goods,  the  damages  due  to  service  interruptions  would  be 
large. 

Ser\dce  interruptions  are  as  much  to  be  feared  as  in 
electric  central-station  oi'  railway  practice,  either  of 
v/hich  can  drop  its  load  and  pick  it  up  where  it  dropped  it. 
A  refrigeration  station  cannot  do  this.  The  moment  ser- 
vice ceases,  the  temperatiire  begins  to  increase,  and  by  the 
time  the  jjlant  is  again  in  service,  the  temperature  may 
have  risen  so  high  as  not  only  to  damage  the  goods,  but — 
and  here  is  the  point — to  require  hours  to  get  it  back  to 
normal. 

Differing  from  electric  or  railway  station  practice,  the 
load  is  practically  constant  24  hours  a  day  for  whole  sea- 
sons. From  the  viewpoint  of  overall  station  economy,  this 
may  be  desirable,  but  where  real  estate  values  are  high  and 
the  station's  capacity  is  none  too  great  for  the  maximum 
demand,  the  equipment  must  go  into  service  prepared  for 
a  nonstop  run  of  months.  Every  feature  of  operation, 
every  detail  of  design  must  be  planned  to  this  end,  and 


should  an  accident  occur,  the  exigencies  demand  that  the 
crew  be  capable  of  getting  the  machine  back  into  service 
with  the  least  possible  delay,  which  means  that  it  must 
be,  to  a  great  degree,  independent  of  outside  aid  except 
for  very  exceptional  cases. 

All  this  is  mentioned  because  features  of  design  and 
peculiarities  of  practice  will  be  considered  that  may,  with- 
out having  in  mind  the  nature  of  the  service,  be  thought 
extreme  and  unjustified. 

The  Sargent's  Wharf  Station 

As  you  take  the  old  South  Ferry  for  East  Boston,  at 
the  foot  of  Eastern  Ave.,  you  see  little  to  indicate  that, 
at  the  rear  of  the  great  warehouse  on  Atlantic  and  East- 
em  Aves.,  is  the  "lieart"  that  keeps  alive  the  greatest  of 
refrigeration  systems.  It  is  there,  however,  ancl  embodies 
many  of  the  most  interesting  things  in  power-plant  jirac- 
tice  that  the  writer  has  ever  seen. 

This  plant  has  a  total  refrigeration  capacity  of  2200 
tons  daily  in  three  machines,  a  400-ton,  an  800-  and  one 
1 000-ton ;  the  last  is  the  largest  refrigeration  unit  ever 
built.  It  was  designed  by  and  constructed  under  the  sup- 
ervision of  the  Quincy  Market  Co.'s  engineer,  F.  L.  Fair- 
banks. This  machine  is  shown  in  Fig.  1  and  will  be  de- 
scribed later. 

The  street  system  has  from  five  to  six  miles  of  piping, 
and  for  this  and  the  seventeen  large  warehouses,  there  is  a 
brine-pumping  capacity  of  50,000,000  gal.  daily;  this  is 
used  in  hot  weather.  The  brine-temperature  drop  be- 
tween leaving  and  returning  to  the  plant  is  maintained  at 
6  deg.  F. 

The  temperature  drop  due  to  radiation  in  piping  in 
this  system  is  less  than  1  deg.  F.,  and  the  leakage  loss 
through  the  system  is  a  small  jjercentage  of  the  total 
pumped.  Brine  for  tliis  system  is  circulated  by  two  large 
compound  plunger  pumps  of  the  pot  type  and  one  turbine- 
driven  centrifugal  pump.  Centrifugal  pumps  in  the  base- 
ment furnish  brine  to  the  warehouse  system.  The  am- 
monia-head pressure  is  180  lb.,  the  Imck  pressure  on  the 
warehouse  system  40,  and  that  on  the  street  system  17. 
The  Ijrine  is  pumped  into  the  system  under  90-lb.  pres- 
sure at  the  pumps. 

The  ammonia  condensers  are  of  the  shell  type,  rated 
normally  for  2500  tons  daily,  but  they  are  often  run  at 
heavy  overloads  during  the  summer  to  keep  down  the 
investment  and  overhead  charges  on  condenser  equip- 
ment. Water  from  the  harbor  is  used  for  cooling  pur- 
poses and  is  first  pumped  through  the  ammonia  con- 
densers above  the  engine  room ;  then  it  is  dropped  through 
the  surface  (steam)  condensers  before  reaching  the  main 
outlet. 

The  boi.  .r  room  has  five  350-hp.  stoker-fired  water- 
tube  and  five  300-hp.  hand-fired  Scotch  boilers  using  New 
River  coal.  The  two  main  electric  (alternating-current) 
generators  are  turbine  driven  and  of  a  total  rated  capacity 
of  1000  kw.  and  450  volts  at  3600  r.p.m. 

BoiLER-RooM  Practice  at  the  Plant 

The  boiler-room  is  the  logical  place  to  begin  a  study 
of  the  plant. 
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Perhaps  because  the  mana.c'onient  did  not  realize  how 
rapidly  its  business  would  in(!rease,  is  the  reason  for  the 
now  disadvantageous  location  and  arrangement  of  the 
boilers  and  stack.  The  boiler  room,  or  much  of  it,  is  built 
on  a  wharf  or  pier  with  the  high-water  level  near  the 
boiler-room  floor.  This  makes  ash  hoppers  and  a  convey- 
or under  the  furnaces  practically  impossiljle.  Instead  of 
the  stack  being  located  between  and  at  one  end  of  the  two 
rows  of  boilers,  it  is  at  one  extreme  corner  of  the  house. 
When  there  was  only  one  row  of  boilers  (the  Scotch),  this 
location  was  not  bad,  but  now,  with  tAVo  rows,  the  breech- 
iiigs  of  the  second  row,  or  the  water-tube,  had  to  be  car- 
ried to  the  ceiling,  then  across  the  boilers,  where  they  eon- 


in.  fan,  having  duplicate  engines.  Two  140-in.  fans  sup- 
ply induced  draft,  one  at  a  time  being  used.  They  are 
in  duplicate  and  each  has  its  own  engine,  for  they  are 
more  susceptible  to  service  interruptions  than  the  forced- 
draft  fan,  which  does  not  receive  the  gases  as  do  the 
former. 

The  furnaces  have  combustion-control  ai^pliances,  indi- 
cating  and  recording  gages  and  a  CO.  recorder,  the  aver- 
age CO,  being  10  per  cent. 

The  Coal,  Its  Handling  and  Storage 

New  River  coal  is  used,  averaging  about  14,900  B.t.u 
per  11).,  4i/'2  per  cent,  a^b,  K;  per  cent,  volatile  and  having 


Fig.  1. 


ncrt  witli  the  licaili'r  or  main  fliic,  wliich  hnd  to  l)e  placed 
<iirectly  over  the  olil  main  Hue  lor  the  Scotch  boilers.  Then 
these  two  mains  connect  with  the  trunk  flue  and  econo- 
mizer chamber.  Tlu^  work  was  costly  and  the  construc- 
tion productive  of  much  friction  of  the  gases. 

DliAI-T 

The  Scotch  boilers  are  used  comparatively  little,  for 
lliey  cannot  be  as  successfully  and  economically  operated 
at  high  ratings  as  the  water-tube,  which  are  the  long-tube 
Stirling.  These  water-tube  boilers  are  provided  with  un- 
derfeed stokers,  forced  draft  being  furnisjied  by  one  140- 


TiiE  1000-ToN  Ammonia  Cojipkessou  at  Sargent's  Wharf 

This  is  ttie  largest  refrigeration  machine  ever  built 

an  ash-fusing  temperature  of  2650  to  2fi75  deg.  F.  It  is 
from  the  McAlpin  and  Slab  Fork  mines,  and  costs  $3.fi5 
l)er  ton  "alongside,"  i.e.,  in  the  boat  alongside  the  bunker. 
The  coal  consumption  increases  continuously  and  this 
year  will  be  about  25,000  tons,  or  an  average  of  68.5 
tons  per  day.  the  average  for  the  summer  months  being 
mm  b  higher. 

The  new  coal  bunker,  Fig.  2,  built  on  a  new  wharf 
or  pier,  has  a  capacity  of  5000  tons.  It  is  of  wikhI 
construction  and  rectangular  in  cross-section.  Tbc  Hat 
bottom  has  many  gate  outlets,  but  tlio.se  down  the  center 
line  will  be  mostly  u.scd.     If  a  shortage  occurs,  the  coal 
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stored  along  the  sides  (about  600  tons)  ran  bo  drawn 
out  easily.  It  will  later  be  machine-oonveyed  into  the 
boiler  room  and  dumped  into  the  stoker  hoppers ;  now  it  is 
handled  by  car  and  by  'land  shoveling. 

The  annual  coal  consumption  (2."j,000  tons)  is  a  little 
more  than  that  amount,  for  which  it  pays  to  install  coal- 
hoisting  and  handling  equipment.  In  Boston  a  stevedore 
with  mast  and  gaff  will  unload  coal  for  2.5e.  per  ton,  so 
that  at  the  present  consumption,  the  coal  handling  would 


Fig.  2.  Top  of  the  New  Coal  Buxker 

cost  $0250  annually  for  stevedore  service  alone;  this  sum 
more  than  cover.s  interest  and  other  charges  resulting 
from  the  investment.  The  hoisting  equipment  is  elec- 
trical, everything  except  the  motor  being  large  enough 
for  expected  increase  in  the  amount  to  be  handled.  As 
this  increases  and  more  coal  must  be  hoisted  in  a  unit  of 
time,  another  motor  of  larger  power  will  be  used  and  the 
cycle  of  handling  increased. 

As  the  coal  is  dumped  from  the  buckets,  it  runs  over 
an  inclined  bar-grating,  where  all  pieces  under  2  in.  pass 
through  into  the  distributing  hopper,  which  runs  on  a 
track,  see  Fig.  2  and  2a,  over  the  bin.  That  wliich  does 
not  go  through  passes  on  to  a  crusher  before  getting  into 
the  hopper. 

Fig.  2a  is  a  view  of  the  top  of  the  bunker,  looking  toward 
the  main  building.  To  facilitate  chuting  coal  into 
both  the  side  doors  and  the  hatchways,  the  chute  telescopes, 
that  part  now  in  the  hatchway  being  drawn  up  by  a  block 
and  fall.  With  the  chute  in  its  present  position  it  may 
be  telescoped,  and,  by  means  of  another  block  and  fall, 
swung  over  to  discharge  coal  into  one  of  the  side  doors 
as  shown  by  the  dotted  lines. 

Many  engineers  favor  steam  instead  of  electrically 
driven  hoisting  equipment.    With  steam,  the  usual  prac- 


tice is  to  hire  an  engineer  to  run  the  hoist  when  im- 
loading.  Sometimes  labor  troubles  arise  with  these  men 
and  shipments  cannot  be  unloaded  on  time  and,  of  course, 
demurrage  charges  go  on  in  the  meantime,  besides,  per- 
haps, emptying  the  bunkers  of  their  supply.  It  was  to 
avoid  all  jwssibility  of  these  conditions  being  brought 
about  that  the  electric  equipment,  which  will  be  operated 
by  one  of  the  plant  engineers,  was  installed.  A  foot 
switch  is  pro\  ided  in  the  main  circuit,  so  that  should  the 
operator  fall  or  meet  with  any  other  accident,  all  steel- 
band  solenoid-operated  brakes  in  series  with  the  switch 
will  immediately  bring  the  whole  system  to  a  stop. 

Boiler  Operation 
The  boilers  are  run  at  200  to  250  per  cent,  rating  for 
long  periods.  These  ratings,  it  should  be  understood, 
last  for  days,  and  often  weeks,  so  the  practice  is  different 
from  that  in  many  central  stations  where  such  ratings 
apply  only  during  the  peaks.    The  duration  of  these  high 


Fig. 


2a.  The  Chute  Delivers  to  the   Hatchways 
AND  to  the  Side  Doors 


ratings  is  one  of  the  chief  reasons  for  using  a  coal  with 
such  a  liigh  (2650  to  2C75  deg.  F.)  ash-fusing  tempera- 
ture. With  this  high  fusing  point  and  low  ash  content 
(41^  per  cent.)  clinker  troubles  do  not  exist,  and  there- 
fore it  is  not  necessary  to  frequently  take  boilers  off  the 
line  to  clean  and  repair  furnaces.  If  the  fusing  point  were 
lower,  saj'  2200  deg.  F.,  this  latter  condition  would,  per- 
haps, exist  and  the  cost  of  labor  and  maintenance  in  the 
boiler  room  would  increase,  although  llr.  Fairbanks 
claims  that  this  type  of  boiler  can  be  taken  off  and  put 
back  on  the  line  again  for  a  cost  of  $2.50,  including  coal, 
labor,  in  fact  all  except  repair  costs. 
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AVhen  the  load  drops  in  winter,  the  boilers  are  cut  out 
nntil  those  left  iii  service  have  to  run  at  200  per  cent, 
j'ating.     The  pressure  carried  is  160  ib. 

Later,  it  is  planned  to  handle  the  ashes  with  a  steam 
ash  ejector  similar  to  systems  aboard  ship.  At  the  com- 
j>any's  Eichmond  St.  plant,  the  services  of  one  laborer  in 
the  boiler  room  have  been  eliminated  by  making  the  ashpit 
about  31/2  ft.  deeper  than  is  usual  with  hand-fired  boilers. 
A  night's  accumulation  may  be  left  in  the  pits  for  re- 
moval by  the  day  force  instead  of  keeping  a  man  on  nights 
chiefly  for  this  purpose. 

Combustion  Control 

It  is  well  known  that  where  fuel  and  load  conditions  re- 
main uniform  for  long  periods,  it  is  possible  to  adjust  the 
draft  and  thickness  of  fuel  bed  to  get  the  best  furnace 
efBciency.  These  conditions  prevail  at  the  Sargent's 
Wharf  station.  In  addition  to  the  recording  and  indicat- 
ing draft  gages,  the  combustion  (draft)  regiilator  and  py- 
rometer for  the  flue  gases,  steam-flow  meters  are  being  put 
on  the  boiler  fronts.  Alongside  and  in  oases  to  matcli, 
dial  gages  will  be  provided  and  calibrated  to  show  the 
amount  of  opening  of  the  l)ack  damjiers.  Adjustments 
will  then  be  made  for  varying  loads  and  these  gages  a;'ain 
calibrated  to  read  in  horsepower  output,  as  indicated  l^y 
the  steam-flow  meters,  the  aim  being  to  give  the  firemen 
every  convenience  to  assist  in 
getting  the  best  results.  Al- 
most identical  control  sys- 
tems have  been  used  with 
fair  success  in  plants  where 
the  load  and  coal  were  not 
as  uniform,  therefore  good 
results  are  expected  at  Sar- 
gent's \Vliarf.  A  double  con- 
trol is  used,  owing  to  the 
boilers  using  induced  ami 
forced  draft. 


all  along  the  bottom  header.  But  at  Sargent's  Wharf  all 
the  cool  water  must  pass  through  two  rows  of  tubes  at 
right  angles  to  the  flow  of  gases,  absorbing  considerable 
heat,  owing  to  the  large  temperature  difference,  before 
it  may  pass  to  the  rest  of  the  tubes.  This  way  of  passing 
tlie  water,  allowing  for  the  size  of  the  economizer,  would 
seem  to  account  for  tlie  very  low  gas  exit  temjieratnre. 

The  Automatic  Feed  Conthol 

A  61/2  and  10  by  G-ih.  comi^ound  duplex  plunger  jmmp 
and  a  6xl0-in.  induction-motor-driven  triplex  pump  are 
now  used  for  boiler-feed  purposes.  A  spring-loaded  regu- 
lating valve  operated  by  the  discharge  pressure  is  connected 
in  the  steam  line  to  the  duplex  pump.  Fig.  3.  To  prevent 
too  great  pressure  in  the  discharge  from  the  triplex  pump. 


The  Feed-Watek   Systejf 

City  water  is  used  for  feed 
and   its    control    throughout  Fig. 

is    automatic.      Besides    the 
economizer,  there  is  a  primary 

heater  into  which  the  water  enters  at  an  average  of  6.5 
deg.,  passing  at  100  deg.  into  the  lieater  through  which 
the  hot  ammonia  gas  passes  on  its  way  to  the  condensers. 
This  heater  conserves  an  appreciable  part  of  tiie  heat  ab- 
sorbed by  the  brine.  The  exhau.st-steaiu  boater  taking 
steam  from  the  auxiliaries  pa.sses  water  to  the  ammonia- 
gas  heater  also  at  about  175  (leg.  F.  From  the  latter,  at  a 
higher  temperature,  the  water  passes  into  the  economizer, 
to  which  the  flue  gases  come  at  about  ■l.'iO  deg.,  the  water 
leaving  at  about  275  deg.  A  recording  thermometer  is 
connected  to  the  discharge  line  to  the  boilers.  An  aver- 
age of  10  lb.  of  water  is  evaporated  jier  pound  of  coal 
as  fired. 

The  economizers  are  set  difTerently  to  common  prac- 
tice in  that  the  water  docs  not  enter  the  bottom  header. 
Instead  it  enters  the  top  one,  which  is  blanked  off  with 
a  partition  between  the  second  and  third  row  of  vertical 
tubes.  As  economizers  are  usually  set,  the  cold  water 
runs  the  length  of  the  bottom  header,  a  fraction  of  the 
total  rising  up  through  the  tubes  throughout  the  length 
of  the  economizer.     Sometimes  this  gives  rise  to  leaks 


Regulator  on  Shunt  between  Suction  and  Discharge  of 
Motoij-Driven  Triplex  Fekd  Pump 


a  weight-loaded  regulator  connected  into  a  shunt  A  across 
the  suction  and  discharge  jiipcs  allows  the  discharge  water 
to  flow  back  into  the  suction  chamber.  Two  large  in- 
jectors are  provided  for  emergencies. 

It  is  quite  generally  known  that  with  fluctuating  loads 
(,n  the  type  of  water-tube  boiler  used  in  this  plant,  the 
water  level  in  one  of  the  drums  fluctuates  widely,  but 
tills  is  not  serious  and  occasions  no  alarm.  The  condition, 
however,  is  rather  unfavorable  to  tlie  use  of  automatic 
feed-water  regulators,  I'or  while  tbci-c  nuiy  lie  sufficient 
water  in  the  boiler,  the  circubition,  wlu'ii  suddenly  forced 
heavily,  tends  to  "bank  u])"  the  water  in  one  drum,  caus- 
ing the  level  in  the  other  drums  to  drop.  This  makes  an 
automatic  regulator  o|)crate  when  not  needed.  At  the 
Sargent's  Wharf  plant,  the  load  is  quite  constant  and  the 
water  level  uniform,  so  that  the  "auh)niatics''  work  most 
satisfactorily.  All  boilers  have  nonreturn  valves  with 
steel  bodies  and  nickel-steel  seats.  Between  each  non- 
return valve  and  nonautomatic  stop  valve  there  is  a  relief 
drip  to  assure  that  the  boilers  will  not  accumulate  conden- 
sate which  might  otherwise  get  by  the  valves. 
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About  eight  years  ago,  Mr.  Fairbanks  replaced  all  gate 
valves  for  steam  and  ammonia  by  globe  valves,  partly  of 
his  own  design.  This  caused  some  adverse  criticism  at 
the  time,  but  many  now  approve  of  the  practice.  In  Eu- 
rope, particularly  in  Germany,  globe  valves  are  used  al- 
most exclusively  for  superheated  steam,  as  is  becoming 
the  practice  here,  for  there  is  less  distortion  with  globe 
than  with  gate  valves.  The  disks  are  of  conical  frustum 
form,  and  they  and  the  seats  are  of  90  per  cent,  nickel  and 
10  per  cent,  tin  composition;  the  bodies  are  of  steel. 
Automatic  Starting  of  Auxiliaries 

Many  engineers  prefer  to  drive  auxiliaries  by  motor, 
but  hesitate  because  of  fear  of  service  interruptions  due 
to  failure  of  the  electric  supply  to  the  motor.  At  the  Sar- 
gent's Wharf  station  it  is  planned  to  use  motor  drive  nor- 
mally for  all  auxiliaries,  such  as  feed  pumps,  draft  fans, 
circulating  pumps  and  exciters.  As  duplicate  auxiliary 
units  should  always  be  installed,  all  duplicates  will  be 
turbine-driven,  these  units  being  automatically  put  into 
service  when  the  motor-driven  ones  begin  to  stop. 


Low- Voltage  "Breaker"  in  Each  Motor  Circuit 

There  will  be  a  low- voltage  circuit-breaker  in  eacK 
motor  circuit,  which  will  open  when  the  voltage  in  that 
circuit  begins  to  fall.  The  throttle  valve  in  the  steam 
line  to  the  turbine  will  open  electrically  when  the  breaker 
does  and  start  the  steam-driven  auxiliary.  Assuredly  this 
is  good  practice.  Take  the  case  of  exciter  units,  for  ex- 
ample. With  this  arrangement  of  control,  the  turbine- 
driven  unit  could  be  made  to  cut  in  on  the  line  supplying 
excitation  current  before  the  other  "dying"  unit  had 
come  to  a  standstill,  thus  enabling  the  main  unit  to 
immediately  regain  its  partly  lost  load.  The  same  is  true 
for  all  the  other  au.xiliarics.  For  the  feed  pumps,  non- 
return valves  would  be  connected  into  the  discharge  from 
eacli  i)ump  and  in  this  way  keep  the  line  pressure  off  the 
idle  one  Tintil  it  had  built  up  its  own  pressure  after 
starting. 

The  .second  article  of  the  series  will  treat  of  the  in- 
teresting features  of  the  1000-ton  ammonia  compressor 
in  the  Sargent's  AVharf  station. 


By    OsiiOKX    MoNNKT'l'f 


SYNOPSIS — Application  of  this  stoker  to  rcturn-tnlin- 
lar  boilers  and  water-tube-  boilers  of  horizontal  and  ver- 
tical types.  Instructions  for  starting,  carrying  the  load 
and  for  banking  fires. 

's& 

Under   this   classification   come   stokers   consisting   of 

two  inclined  grates  feeding  from  the  side  with  a  clinker 

bar  at  the  bottom.     It  should  be  a  fixed  rule  that  no  such 

stoker  should  be  placed  under  a  boiler  without  a  full 


The  average  fireman  will  poke  this  stoker  to  take  care  of 
llu.-tuations  in  the  steam  pressure,  and  invariably  smoke 
is  the  result.  Fluctuations  in  the  steam  pressure  should 
lie  taken  care  of  by  the  stoker  engine.  Poking  should  be 
limited  and  confined  to  the  lower  part  of  the  stoker, 
where  clinkers  must  sometimes  be  pulled  out  through  the 
front  door. 

To   insure  a  proper  mixture  of  the  gases  when  this 
stoker  serves  a  return-tubular  boiler,  a  two-span  deflee- 


W^^ 


PbwEF^ 


Fig.  1.  Eetuhn-Tuhulak.  100-Hp.  Boiler  with  Model  Stokei;  and  Deflection  Arch 


extension  setting.  This  enables  the  heating  surface  to 
be  worked  to  a  maximum  and  gives  the  long  flame  travel 
required.  To  operate  this  stoker  without  smoke  re- 
quires careful  attention.  Its  construction  is  such  that 
the  fuel  will  easily  slide  down  from  the  hoppers  onto 
the  grates,  and  when  it  does,  smoke  will  be  produced. 

♦Copyright.   1914.   by  Osborn   Monnett. 
tSmoke  Inspector,  City  ot  Chicago. 


tioii  arch  is  of  the  greatest  value.  Such  a  setting  for  a 
Model  stoker  is  shown  in  Fig.  1.  The  combustion  cham- 
ber should  be  excavated  to  the  floor  line  and  the  deflec- 
tion arch  be  set  back  far  enough  to  make  sure  that  the 
temperature  will  not  become  too  high.  The  action  of  the 
arch  is  to  interrupt  the  stratified  flow  of  volatile  matter 
that  is  distilled  off  at  times  when  poking  occurs  or  where 
an  unusual  amount  of  green  coal  slides  into  the  furnace. 
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Tin's  type  of  stoker  can  be  applied  easily  to  any  type  of 
liorizoLtally  baffled  boiler  or  tile-roof  furnace.  Fig.  2 
sliovvti  a  ^lodel  stoker  in  connection  with  a  Hawkes  boiler 
and  a  two-span  deflection  arch.  The  furnace  action  is  ex- 
actly the  same  as  in  the  previous  installation.  The  ex- 
tension is  5  ft.  7  in.  from  the  flue  caps  and  there  is  plenty 
of  area  through  the  deflection  arch  to  prevent  bottling  the 


and  a  deflection  arch.  The  headroom  under  the  boiler 
is  8  ft.  6  in.  and  the  stoker  is  set  full  extension.  A 
two-span  deflection  arch  is  .set  midway  in  the  combustion 
chamber  with  ample  area  under  the  spring  of  the  arches. 
One  of  the  successful  features  of  the  furnace  is  the  bar- 
ing of  the  tubes  at  the  front  header  for  a  distance  of  t 
ft.,  thus  increasing  the  heat  absorption  and  decreasing 
the  temperature  and  brick  maintenance.  Then  there  is 
4  ft.  of  box  tile  to  the  deflection  arch,  and  T-tile  is 
again  used  to  the  end  of  the  first  baffle.  This  unit  runs 
satisfactorily  from  a  smoke  standpoint  and  is  efiBcient. 
It  was  originally  set  without  the  deflection  arch  and  with 
a  complete  baffle  of  box  tile,  but  the  performance  since 
the  alterations  were  made  is  much  Ijetter  than  before. 


Fig.  2.  ^Iodel  Stoker  axd  Deflection  Arch  in  Two 
Spans  Serving  1.50-Hp.  Hawkes  Boiler 

heat.  Besides,  T-tile  has  been  placed  on  the  water  tubes 
for  a  distance  of  3G  in.  from  the  front  header  to  cool  off: 
the  furnace  at  this  point  to  a  good  working  temperature 
without  afl'ecting  the  smoke  performance. 

A  satisfactory  installation  of  Detroit  stoker  and  Wortli- 
ington  water-tube  boiler  is  shown  in  Fig.  3;  the  exten- 
sion in  this  ca.se  is  10  ft.  914  ''^-  from  the  boiler  casing. 
The  headroom  to  the  top  of  the  main  drum  is  only  9  ft. 
from  the  floor  line.  The  ashpit  has  been  excavated  2  ft.  8 
in.  The  results  are  a  large  capacity  on  low  headroom 
with  a  long-flame  travel  and  good  smoke  performance. 

Tn  applying  the  side-feed  type  of  stoker  ito  vertical 
water-tube  boilers,  it  is  not  sufficient  to  set  them  close 
up  against  the  heating  surface.    If  this  is  done  there  will 


Fig.  3.  Worth iN(iTON  Boiler,  l.'iO-lli'..  and  Detroit  Stoker 


be  times  when  the  volatile  matter  ])assing  oil'  will  make 
continuously  No.  1  or  No.  2  smoke  on  the  liiiigelmann 
chart.  There  should  be  a  di.stance  of  at  least  5  ft.  be- 
tween the  end  of  the  stoker  arch  and  the  nearest  lieating 
surface,  as  shown  in  Fig.  I.  This  sjjace  should  be  roofed 
by  a  step-up  scc<)ii(lary  arch,  so  that  long-flame  travel  will 
be  insured.  Sucli  an  installation  can  be  run  satisfactorily 
from  a  smoke  standpoint  if  the  .stoker  is  carefully  handled. 
I'robably  one  of  the  most  successful  settings  of  this 
type  of  stoker  tliat  has  come  under  the  observation  of  the 
author  is  tbe  installation  sliown  in  Fig.  T).  It  is  a  H.  &  W. 
boiler  with  Scwcll  iiallle.  (-(luippiMl  witb  a  .\lurpby  stoker 


Fig.   I.  WicKEs  Boiler  oe  aOO-Hp.  Capacity  and 
iloDEL  Stoker 

.\nother  setting  of  a  .Murphy  stoker  with  long-flame 
travel  on  a  tile  roof  is  shown  in  Fig.  6.  The  installation 
serves  a  Heine  boiler  and  is  a  typical  layout  for  horizon- 
tally baffled  boilers.  Under  no  circumstances  should  the 
furnace  be  .set  flush  in  such  installa- 
tions as  they  do  not  work  out  to  ad- 
vantage. 

Or  a  Stirling  boiler  anything  less 
than  full  extension  furnaces  should  not 
be  considered.  Fig.  7  shows  the  flame 
travel  obtaiiu'd  on  a  Stirling  boiler  with 
a  .Murphy  stoker  set  full  extension.  This 
is  the  only  arrangement  that  can  be  ex- 
])ected  to  give  a  good  account  of  itself. 

Operation  op  Side-Feed  Stokers 

StartiiKj  Fires — Cover  the  clinker 
bar  with  wood  to  prevent  the  fuel  from 
running  into  the  ashjjit.  Fill  up  the 
boppcrs  and  work  in  l)y  hand  enough  coal  to  cover  the 
grates.  I'lace  a  snuiU  amount  of  clean  wood  kindling 
on  top  of  the  coal  and  ignite  it  After  the  fuel  is  burning 
well,  feed  the  coal  onto  the  grates  by  hand  until  the 
arch  is  hot  and  the  stoker  can  take  its  regular  load;  tiuMi 
it  can  be  operated  by  the  stoker  engine.  When  the  engine 
it  attacbed,  the  clinker-bar  connection  should  be  left  oil 
until  it  is  found  necessary  to  work  the  clinker  bar.  Wlien 
refuse  accumulates  .sullicicntly  at  the  lower  ends  of  the 
grates,  connect  the  clinker  bar  to  tbe  ojjerating  mechan- 
ism, making  .sure  beforehand  tlial  llic  liar  will  work 
freely  and  is  not  caught  bv  fresh  coal  or  (linker. 
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Carrying  the  Load — Always  keep  the  hoppers  full  of 
coal.  If  this  is  not  done,  there  will  be  a  sliding  of  ooal 
into  the  fire  when  the  hoppers  are  replenished.  This  will 
cause  smoke.  Feed  the  coal  continuously  so  that  no 
large  amount  will  be  necessary  at  any  one  time.  If  this 
is  clone,  the  volatile  matter  passing  off  from  the  coal  regu- 


FiG.  5.  B.  &  W.  200-Hp.  Boiler  Equipped  with  Mur- 
phy Stoker  and  Two-Span  Deflection  Abch 

larly  fed  will  not  be  in  excess  of  the  capacity  of  the  fur- 
nace to  burn  it.  If  the  stoker  is  fed  intermittently,  there 
will  be  too  much  fresh  coal  in  the  furnace  at  one  time 
and  smoke  will  be  made.  Never  poke  the  fire  on  the  up- 
per grates.  In  using  the  roust  bar,  be  careful  to  see 
that  no  sliding  of  the  coal  occurs.  If  it  becomes  necessary 
to  work  the  fire  on  the  lower  grates,  handle  the  clinker 
carefully  in  order  that  there  will  be  no  avalanching  of  the 
coal  from  the  top  of  the  furnace.  Regulate  the  thickness 
of  the  fire  according  to  the  draft  and  to  the  load.     A 


Fig.  6.  Typical  Heine  Boiler  Setting  with  Full 

EXTEN.SI0N  Murphy  Stoker  and  No.  8 

^lixiNG  Piers 

thickness  of  from  3  to  8  in.  is  permissible.  Fine  coal  or 
low  draft  calls  for  a  thinner  fire  than  coarser  coal  or  good 
draft.  Ordinary  fluctuations  in  the  load  can  be  taken 
care  of  by  regulating  the  ashpit  doors.  Do  not  close  the 
damper  on  a  heavy  fire.  It  should  never  be  closed  to  such 
an  extent  that  there  will  be  less  than  0.15  in.  draft  over 
the  fire  while  in  operation,  or  smoke  is  likely  to  be  made. 
This  applies  especially  to  ])lants  having  damper  regula- 
tion. 


Banl-inrj  Fires — Run  the  side  magazines  emptj'.  Pull 
the  coked  coal  down  to  the  bottom  of  the  furnace  and 
rover  it  with  25  or  30  scoops  of  fresh  coal  through  the 
middle  door.  Leave  the  fire  door  open  for  a  short  time 
after  the  fire  is  banked  and  until  the  arch  has  cooled  down, 
after  which  the  ashpit  doors  and  damper  can  be  closed. 


1 /-./W./VW-U:^ 
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Fig.  7.  Class  P  Stirling  Boiler,  133-Hp.,  with  Full 
Extension 

In  starting  up  after  a  shutdown,  break  up  the  bank 
with  a  hook  and  feed  green  coal  carefully  down  the  sides, 
with  the  damper  partly  open,  until  the  fuel  on  both  sides 
of  the  furnace  is  ignited.  Allien  the  arch  gets  hot  the 
damper  can  be  opened  wide  and  regular  operation  com- 
menced. 

J*] 


By  Gokuon  Fox 
The    low-voltage     direct-current   generator,    which    is 
used   extensively   for  electroplating   and   electrochemical 
work,  differs  in  manv  essentials  from  machines  of  higher 


Diagram  of  Double-Commutator  Low-Voltage 
Generator 

voltages.  The  low  voltage  is  accompanied  by  an  extremely 
high  current  rating  and  the  jirovisions  for  conducting 
and  collecting  these  heavy  currents  are  the  distinguishing 
points  of  difference  in  design. 

Armature  conductors  of  generators  of  this  type  are 
almost  always  of  the  bar  coil  type,  usually  with  a  single- 
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turn  toil  and  the  armatures  are  lap-wound  to  give  as 
many  parallel  paths  as  possible.  The  commutator  seg- 
ments are  few  and  wide.  Since  the  coils  have  but  a  sin- 
.ule  turn  and  the  voltage  is  so  low,  there  is  little  tendency 
toward  sparking  from  armature  induction  effects,  but  to 
collect  the  heavy  currents  without  undue  heating  of  the 
commutator  or  brushes  requires  special  provisions.  Since 
the  armature  induction  is  low  the  use  of  copper  gauze  or 
composition  brushes  is  allowable.  Gauze  brushes  are 
perhaps  the  luost  common  and  the  best  for  the  majority 
of  cases;  copper  leaf  is  sometimes  used  and  a  special 
brush  utilizing  copper  gauze  embedded  in  graphitic  car- 
bon sometimes  finds  application.  If  gauze  or  leaf  brushes 
are  used  they  should  be  set  without  too  great  angularity 
to  the  commutator,  an  angle  of  about  30  deg.  being 
]irefcral)le.  If  possible,  they  should  be  staggered  to  pre- 
vent grooving  of  the  commutator.  The  brush  pressure 
2nust  be  fairly  heavy  but  should  be  no  more  than  is  neces- 
sary to  collect  the  current  without  burning  the  brush  tips 
from  high-contact  resistance. 

Many  low-voltage  machines  of  this  type  are  provided 
with  double-armature  windings  and  two  commutators  to 
obtain  more  commutator  surface  and  an  exen  distribution 
of  load.  One  commutator  is  mounted  at  each  end  of 
the  armature.  The  two  windings  usually  occupy  the  same 
slots  but  the  coils  face  in  opposite  directions.  This  ar- 
rangement virtually  provides  two  sejiarate  windings  in 
jjarallel  under  the  same  field  poles. 

It  is  a  familiar  fact  that  the  voltage  of  a  generator 
and  its  load- voltage  characteristics  may  be  altered  to  some 
extent  by  shifting  the  brushes.  Now  consider  the  case 
of  two  separate  armature  windings  in  parallel,  both  under 
the  same  field  poles;  this  corresponds  to  the  double-ended, 
low- voltage  machine.  Since  the  rheostat  adjustment  af- 
fects both  windings  similarly,  their  voltages  cannot  be 
equalized  through  manipulation  of  the  field  strength.  It 
follows  that  the  relative  brush  positions  upon  the  two 


commutators  must  be  such  that  the  same  characteristics 
will  be  secured  from  both  armature  windings.  To  attain 
this  end  it  is  best  to  first  properly  space  the  brushes  upon 
both  commutators.  Then  run  the  machine,  using  only  one 
commutator,  setting  the  brushes  on  this  end  by  shifting 
the  rocker-arm  until  good  comnmtation  and  minimum 
heating  occur.  Next,  determine  the  leads  of  like  polarity, 
such  as  A-A'  and  B-B',  and  connect  together  A  and  A'. 
Place  a  low-reading  voltmeter  between  B  and  B'.  Shift 
the  rocker-arm  on  this  second  commiitator  until  the 
voltmeter  reads  zero.  The  two  armatures  are  now  deliver- 
ing the  same  voltages  and  have  like  relative  positions. 
The  leads  B  and  B'  can  now  be  connected  together  with 
the  knowledge  that  the  two  windings  and  commutators 
will  properly  share  their  loads. 

It  is  evident  that  if  the  two  armatures  are  connected 
in  parallel  without  this  procedure,  it  is  likely  that  their 
voltages  will  be  unequal  and  there  will  be  local  current 
flowing  through  the  closed  circuit  of  the  two  armature 
windings.  This  local  current  is  a  waste,  which  lowers 
the  efficiency  of  the  machine  and  increases  its  heating. 

Where  possible,  it  is  desirable  to  provide  separate  ex- 
citation for  the  field  coils  of  low-voltage  generators.  This 
excitation  may  be  at  110  or  220  volts,  whichever  is  avail- 
able. Where  these  generators  are  self-exciting  it  is  not 
infrequent  that  ditficulty  is  experienced  in  getting  them 
to  build  up,  bec'ause  the  very  low  voltage  generated  by  the 
action  of  the  residual  magnetism  upon  the  one-turn  coils 
is  not  sufficient  to  force  an  appreiia1)le  current  through 
the  shunt-field  winding. 

OiieuiugN  Between  Boiler  and  Engine  Rooms — The  open- 
ings around  all  pipes  where  they  pass  through  the  wall  from 
the  boiler  room  to  the  engine  room  should  be  thoroughly- 
stopped  up  with  asbestos  or  other  suitable  material.  An 
engine  room  makes  a  poor  appearance  when  smoke  from  the 
boiler  room  enters  it  through  the  space  left  between  the 
pipes  and  the  pipe  thimbles  and  blackens  the  walls  in 
streaks   directly    over    these    openings. 


Ttuife< 


'J'ube  failures  are  the  cause  of  more  aggregate  damage  than  any  otlier  one  tbing  about  the  Imiler  i)lant.  An  ex- 
plosion of  a  shell  boiler  is  more  si)ectacular,  but  there  are  not  so  many  of  tlieni.  This  is  the  reproiluction  of  a 
])hotograph  of  a  recent  exanii)le.  Jt  was  a  welded  tuiie,  !)ut  tliese  seem  to  be  no  more  liable  to  failure  than  the 
seamless  variety;  only,  when  they  split  in  the  weld,  as  tliis  did,  tbe  s])lit  is  a])t  to  run  for  a  greater  lengtii.  Fre- 
quent inspecti(in  an<i  the  rei)laeen)ent  of  all  tubes  siiowing  any  teniiency  to  bulge  or  to  local  distortion  n\)\war  to 
bc!  the  best  means  so  far  devised  for  the  ])r(!Veiition  of  such  daniage.  The  high  rates  of  evaijoration  at  jireseiit  in 
use  are  responsible  formuch  of  the  trouble.  Scale  or  oil.  wliidi  will  cause  no  serious  overheating  of  the  metal 
when  three  pounds  are  evaporated  per  hour  per  square  foot  ><(  beating  surface,  are  very  likely  to  make  trouiile 
when  the  evaporation  goes  up  to  si^  or  ten. 
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The  Bureau  of  Stamlards  has  recently  issued,  under  the 
'dtle,  "CircaUar  No.  4!),"'  a  set  of  rules  to  be  observed  in 
the  operation  and  maintenance  of  electrical  equipment  and 
lines."  These  rules  have  been  compiled  after  a  year's 
study  of  those  of  many  of  the  large  companies,  aided  by 
sug-sestions  from  commissions,  company  officials,  work- 
men, etc.  Space  does  not  permit  our  giving  the  rul"s  in 
full,  but  such  items  are  included  as  should  be  particularly 
helpful  to  our  readers.  Complete  copies  of  the  report  may 
be  had  from  the  Superintendent  of  Documents,  Govern- 
ment Printing  UlGce,  Washington,  D.  C,  for  15  cents 
each. 

GENERAL 

Attendanc*' — A  quaUfied  employee  shall  be  kept  on  duty 
where  generators  or  rotary  converters  are  operating,  except- 
ing small,  low-voltaKe  generators  for  telephone  and  similar 
work. 

Tno  Workmen — There  shall  be  at  least  two  employees  on 
any  work  near  exposed  live  parts  of  equipment  and  lines 
above  730  volts  in  stations,  in  testing  rooms,  and  on  overhead 
lines,  or  above  150  volts  from  earth  in  underground  construc- 
tion where  it  is  necessary  to  approach  such  parts  within  the 
distances  later  specified. 

Diagrams  for  Chief  Operator — Diagrams  showing  plainly 
the  arrangement  and  locution  of  all  parts  of  the  electrical 
equipment  and  lines  must  be  maintained  on  file  with  the  chief 
operator. 

.\ccident  Reports — Report  blanks  shall  be  issued  to  each 
employee  and  their  use  required  tor  reporting  to  the  employer 
each  personal  injury  on  or  about  the  equipment  and  lines. 
These  shall  contain  at  least  the  following  information  and 
shall    be    filled    out    at    the    time    of    the    accident: 

(a)  Date,  time  and  locality. 

(b)  Age  and  nationality,  and   does   person  speak   English? 

(c)  Regular  occupation,  occupation  at  time  of  accident  and 
years  of  such  occupation. 

(d)  Extent  of  injury. 

(e)  How  did  accident  occur? 

(f)  Was  original  cause  of  injury  electrical  or  otherwise? 

(g)  What  defects  of  construction,  protection,  illumination 
or  carelessness  were  concerned  in  the  accident? 

(h)  Were  other  employees  present? 

(i)  What  first  aid  was  given,  how  soon  after  the  injury 
and  how  long  continued? 

(J)  Suggested  improvements  for  preventing  similar  acci- 
dents. 

(k)  Voltage. 

Treat  Everytliing  as  Alive — Electrical  lines  and  equipment 
should  always  be  considered  as  alive  unless  positively  known 
to  be  dead. 

Safety  Appliances — Employees  at  work  on  or  near  live 
parts  should  use  the  safety  devices  and  special  tools  provided, 
first  making  sure  that  they  are  suitable  and  in  good  condition. 
Safety  devices  may  get  out  of  order  or  be  unsuited  to  the 
work  in   hand. 

Duties  of  Cliief  Operator — The  chief  operator  shall  keep  a 
log-book  showing  all  changes  in  the  conditions  of  operation, 
including  the  starting  and  stopping  of  electrical  supply  equip- 
ment, the  location  and  nature  of  work  started  or  completed, 
the  name  of  each  foreman  locally  in  charge  of  work  and  all 
unusual   occurrences   or  accidents. 

He  shall  sign  the  log-book  when  assuming  duty  and  before 
being  relieved. 

He  shall  keep  within  sight  an  operating  diagram  or  equiv- 
alent device  indicating  whether  electrical  supply  circuits  are 
open  or  closed  and  where  the  work  is  being  done. 

It  shall  also  be  his  duty  to  enforce  the  safety  rules  and  to 
permit  only  authorized  persons  to  approach  equipment  or  lines. 
Control  of  Electrical  Supply  Circuits — Employees  shall  se- 
cure special  authorization  from  the  chief  operator  before  clos- 
ing circuits  or  starting  equipment,  and  before  opening  or  stop- 
ping them. 

Exceptions — In  emergencies,  to  protect  life  and  property, 
any  employee  may  open  circuits  and  stop  moving  equipment 
without  special  authorization  if  he  is  sure  that  his  action  will 
promote  safety,  but  the  chief  operator  must  be  notified  imme- 
diately of  his  action  with   the  reasons  therefor. 


Autliorization  for  AVork — Special  authorization  from  the 
chief  operator  shall  be  secured  before  work  is  begun  on  or 
about  equipment  or  lines  and  a  report  shall  be  made  to  him 
when  such  work  ceases.  When  there  is  more  than  one  work- 
man at  any  place  the  foreman  locally  in  charge  shall  se- 
cure the  authorization. 

Reporting  Clear — No  instructions  for  making  alive  equip- 
ment or  lines  which  have  been  killed  to  protect  workmen 
shall  be  issued  by  the  chief  operator  until  all  workmen  have 
reported  clear.  When  there  is  more  than  one  workman  at  a 
location,  the  foreman  locally  in  charge  of  such  dead  equip- 
ment or  lines  shall  report  clear  for  all  his  workmen  only 
after  all  have  reported  clear  to  him.  If  there  is  more  than 
one  gang,  each  foreman  shall  separately  report  clear  to  the 
chief  operator. 

Mniutniniug  Ser«ce — When  circuits  above  750  volts  auto- 
matically open  immediately  after  each  of  three  consecutive 
closings,  they  shall  be  disconnected  until  they  have  been  found 
clear  by  proper  test. 

When  circuits  at  %vhich  men  are  known  to  be  at  work  are 
opened  automatically,  they  shall  be  disconnected  until  the 
chief  operator  has  ascertained  that  the  workmen  are  safe  and 
until  he  has  given  proper  authorization. 

When  circuits  feeding  supply  lines  become  accidentally 
grounded,  by  indication  of  ground  detectors  at  stations,  they 
shall  be  opened,  and  if  upon  trial  closing  the  ground  still 
exists,  the  lines  shall  be  disconnected  until  they  have  been 
found  clear  by  proper  tests. 

Tasging  Electrical  Supply  Circuits — Before  work  is  done 
on  or  about  any  equipment  or  lines,  either  dead  or  alive,  the 
chief  operator  shall  have  "Men  at  Work"  tags  attached  at  all 
points  where  such  equipment  or  lines  can  be  manually  con- 
trolled to  idainly  identify  them. 

I'rotectins  Workmen — When  lines  or  equipment  are  to  be 
disconnected  from  any  source  of  electrical  energy  for  the 
protection  of  workmen,  the  operator  must  first  open  the 
manual  cutouts  designed  for  operation  under  load  and  then 
the  air-break  disconnectors. 

Toucliing  Live  Parts — No  employee  shall  touch  two  parts 
of  different  potentials  at  the  same  time. 

Employees  shall  not  touch  any  exposed  ungrounded  live 
parts  at  any  voltage  unless  insulated  from  floors  and  other 
conducting  surfaces  by  approved  insulating  covers,  mats  or 
platforms.  If  permanent  devices  are  not  provided,  portable 
ones  shall  be  used. 

Extra  High  Potentials — No  employee  shall  come  within  or 
bring  any  conducting  object  within  the  distances  named  below 
from  any  exposed  ungrounded  live  part  at  or  above  the  voltage 
specified: 

Operating  Voltage  Distance,  Feet 

7,500  2 

27,000  3 

47.000  4 

70,000  6 

In   dry    locations    these   distances   may   be   reduced,    if   ap- 

pro\ed  insulating  or  grounded  metal  barrier  devices  are  placed 

between  the  person  and  such  part. 

If  the  part  is  being  worked  on  directly,  the  tools  or  other 
mechanical  appliances  used  must  provide  the  full  distance 
of  insulating  material  unless  protective  barriers  are  also  used 
between  the  person  and  the  live  part. 

High  I'otentials — No  employee  shall  come  within  or  bring 
any  conducting  object  within  1  ft.  of  any  exposed  ungrounded 
live  part  whose  potential  exceeds  150  volts  in  underground 
construction,  or  750  volts  in  stations,  testing  rooms  or  over- 
head construction. 

In  dry  locations,  this  distance  may  be  reduced  if  grounded 
metal  devices  are  placed  between  the  person  and  the  part  or 
object.  This  distance  may  also  be  reduced  if  approved  in- 
sulating barriers  are  placed  between  the  person  and  ground 
as  well  as  between  the  person  and  all  other  conducting  sur- 
faces which   he  could   accidentally  touch   at   the    same   time. 

Where  greater  space  cannot  be  secured  by  use  of  the  special 
insulating  tools  and  appliances  furnished  or  as  an  additional 
safeguard,  properly  tested  insulating  gloves  and  sleeves  may 
serve  as  portable  insulating  devices  between  the  person  and 
live  parts  below  7500  volts. 

-Wire  Insulation — Employees  must  not  place  dependence  for 
their  safety   on    the  insulating  covering  of  wires. 

AVork  from  Helow— Employees  must  not  work  from  above 
on  exposed  live  parts  of  equipment  or  lines  when  work  can 
be  done  from  below.  Moreover,  they  should  avoid  working 
on   equipment   or  lines   from   any  position  by  reason   of  which 
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a  shock  or  slip  will  tend  to  bring  the  body  toward  exposed 
live  parts. 

Opening;  and  Closing  Switches — No  employee  shall  open  a 
cutout  not  designed  for  interrupting  a  loaded  circuit  unless 
the    circuit   has   first   been    interrupted    at   a   proper  cutout. 

Manual  cutouts  shall  always  be  opened  or  closed  by  a  sin- 
gle unhesitating  motion  and,  if  possible,  with  one  hand.  All 
cutouts  shall  be  handled  only  by  means  of  the  insulating  han- 
dles provided. 

Loose  ^Vires — Loose  conductors  should  never  be  brought 
near  exposed  live  parts  except  those  to  which  they  are  to  be 
immediately  connected. 

Handling  I'onnectingr  Mires — In  connecting  dead  equipment 
or  lines  to  a  live  circuit  by  means  of  a  connecting  wire  or 
device,  employees  shall  first  apply  the  wire  to  the  dead  part 
before  attaching  it  to  the  circuit.  When  disconnecting,  the 
live  end  shall  be  removed  first. 

Never  Open  Series  Circuits — Series  circuits  or  secondaries 
of  current  transformers  shall  never  be  opened.  A  jumper 
must  always  be  connected  acrocs  any  device  inserted  in  such 
a    circuit    before    %vorking   on    the   device. 

Applying  Grounds — In  applying  a  grounding  device  to  nor- 
mally live  parts,  the  device  must  be  grounded  before  bringing 
it  near  the  parts,  and  must  be  removed  from  the  live  parts 
before  removing  it  from  the  ground  connection. 

KILLIXG    SUPPLY    EQUIPMENT    AND    LINES 

Ascertain  if  Parts  Are  Dead — No  emploj'ee  shall  approach 
any  exposed  ungrounded  part,  normally  alive,  within  the  dis- 
tances specified,  except  as  allowed  in  these  rules,  unless  he 
has  first  assured  himself  of  his  own  safety  and  that  of  those 
working  under  his  direction  by  taking  the  following  precau- 
tionary   measures    in    the    order   given: 

Foreman's  Request — The  foreman  locally  in  charge  of  the 
work  shall  request  permission  from  the  chief  operator  to  have 
the  particular  section  killed. 

The  chief  operator  shall  at  his  discretion  advise  the  fore- 
man that  the  particular  section  will  be  killed  and  that  in- 
structions will  be  given  the  foreman  when  he  can  safely 
proceed. 

Opening  Disconnectors  and  Tagging — The  chief  operator 
shall  direct  the  proper  persons  to  open  all  disconnectors,  in- 
eluding  suitable  air-break  cutouts,  through  which  electrical 
energy  may  be  supplied  to  the  particular  section  to  be  killed, 
and  shall  require  each  person  to  lock  each  disconnector  open 
and  to  tag  the  same,  and  each  tag  shall  state  in  large  letters 
"Men  at  Work." 

Protective  Grounds — When  all  the  disconnectors  designated 
have  been  opened,  locked  and  tagged,  the  chief  operator  shall 
require  each  person  operating  them  to  make  protective 
grounds  upon  the  section  which  is  to  be  killed  and  to  report 
when  .such  grounds  are  in  place. 

PermiMsion  to  Work — Upon  receipt  of  information  from  all 
persons  operating  disconnectors  that  protective  grounds  are  in 
place,  the  chief  operator  may  advise  the  foreman  that  he  may 
proceed  to  work,  considering  the  specified  lines  or  equipment 
dead. 

Foreman's  Record  and  Grounds — The  foreman  shall  record 
on  a  card  the  time  the  lines  or  equipment  are  reported  dead, 
the  particular  lines  or  equipment  specified,  the  name  of  the 
chief  operator  and  sign  his  own  name.  He  shall  then  imme- 
diately proceed  (except  in  underground  systems)  to  make  his 
own  protective  ground  on  the  disconnected  section  of  the 
equipment  or  lines  in   the   manner  specified. 

Grounds  .shall  be  made  on  the  dead  equipment  or  lines  be- 
tween the  particular  point  at  which  work  is  to  be  done,  and 
each  disconnector  which  has  been  opened  by  the  above  pro- 
cedure  for   his  protection. 

Proceed  wltli  Worit — After  the  section  has  been  killed,  the 
foreman  and  those  under  his  direction  may  proceed  with  work 
on  or  about  the  dead  section. 

Reporting  Clenr — Each  foreman,  upon  completion  of  his 
work  and  after  assuring  himself  that  all  the  men  under  his 
direrllon  are  In  safe  positions,  shall  remove  his  protective 
grounds  and  shall  report  to  the  chief  operator  that  all  tags 
protecting  him  may  be  removed  and  record  the  time  of  such 
report  on   his  record   card. 

Reporting  Removal  of  Tags — The  removal  of  any  tag  from 
my  disconnector  shall  be  reported  Immediately  to  the  chief 
"per.'itor  by  the  person  removing  it. 

Upon  the  removal  of  any  tag  there  shall  be  added  to  Its 
record  the  name  of  the  chief  operator,  the  time  of  removal, 
who  requested  It  and  the  s'.gnature  of  the  person  removing 
the  tag.     The  tag  shall   then   be   filed   with    the  chief  operator. 

Restoring  Service — Only  after  all  protecting  tags  have  been 
removed  by  the  above  procedure  from  all  disconnectors  shall 
the  chief  operator,  at  his  discretion,  direct  the  removal  of 
locks  or  blocks  and  of  protective  grounds  and  the  closing  of 
any  or  all  dis 'onnectors. 


Care  About  Machines — Do  not  allow  oil  cans,  tools  and 
wiping  cloths  to  catch  in  moving  parts  of  machinery.  In  pass- 
ing any  machine  in  operation,  be  careful  not  to  touch  it  or 
allow  tools  or  other  pieces  of  metal  to  touch  the  machine  or 
its  connections.  Do  not  use  iron  or  tin  oil  cans  near  field 
magnets.  Use  only  oilers  and  wipers  with  insulated  handles 
around  commutators,  switches  and  other  electrical  equipment. 

Loose  Clothing — Avoid  loose  clothing  about  moving  parts 
of  machinery  and  do  not  wear  shoes  that  slip  easily  on  the 
floors  about   live   or   moving   parts. 

Killing  Parts  ^Vorked  On — Do  not  work  on  any  normally 
live  or  moving  part,  feeling  assured  that  it  is  not  alive  or  will 
not  move,  unless  you  have  first  protected  yourself  against 
danger  by   having  the  live   or  moving  part  killed. 

Open  Flames — Do  not  smoke  or  bring  open-flame  devices 
into  storage-battery  rooms. 

Report  Defects — Promptly  report  any  broken  or  unsafe 
tools,  defective  safety  appliances,  apparatus  or  any  dangerous 
condition    of   equipment   or   surroundings. 

SWITCHBOARD    OPERATION 

Care  about  Live  Parts — Do  not  worii  on  or  near  exposed 
live  parts  unless  authorized  to  do  so,  and  then  strictly  ob- 
serve the   rules  laid  down  for  such   procedure. 

When  working  near  fuses  and  circuit-breakers  be  careful 
to  avoid  injury  from  their  operation.  If  the  hands  are  ex- 
posed to  flashes,  wear  insulating  gloves. 

When  working  on  one  section  of  a  switchboard  or  in  one 
compartment,  mark  it  conspicuously  and  place  barriers  to 
prevent  accidental  contact  with  other  sections  or  entrance 
into   other  compartments. 

Handling  Snitches  and  Fuses — Do  not  open  manual  cutouts 
which  are  not  designed  for  opening  loaded  circuits  unless  the 
circuit  has  first  been   opened  at  a   proper  cutout. 

When  operating  manual  cutouts,  keep  the  body  as  distant 
and  as  far  below  as  possible  and  use  only  one  hand. 

In  handling  fuses  or  switches,  use  only  the  insulating  han- 
dles or  the  special  rods  or  tongs  provided.  In  handling  voltage 
transformer  fuses,  always  stand  on  an  insultins  mat  or  plat- 
form. 

Never   replace   nor  remove  link   fuses  from   live  terminals. 

When  cable  plug  connectors  are  used,  do  not  allow  one 
end  to  remain  loose  while  the  other  is  connected  to  a  live 
terminal. 

Protecting  Others — Do  not  report  lines  or  equipment  dead 
for  other  men  to  work  on  until  the  lines  or  equipment  have 
been  cut  out  by  air-break  manual  cutouts,  protective  grounds 
have  been  applied  to  the  parts  so  cut  off  and  "Men  at  Work" 
tags  have  been  attached  to  the  cutouts. 

Also,  in  reporting,  identify  tlie  parts  by  position,  letter  or 
number  as  well  as  by  description. 

Report  to  Chief  Operator — Report  to  the  chief  operator 
any  unusual  conditions  of  load,  the  opening  of  any  automatic 
cutout  and  the  indication  of  any  ground  on  a  normally  un- 
grounded  outgoing  circuit. 

Closing  Circuits — Do  not  again  close  circuits  above  7.50 
volts  which  have  automatically  opened  Immediately  after  each 
of  three  consecutive  closings  within  10  niin.  without  special 
instructions  from  the  chief  operator. 

Do  not  again  close  any  circuit  opened  by  automatic  cutouts 
if  persons  are  known   to  be  working   on   the  circuit. 

Handling  .Switchboard  Equipment — All  metal  parts  of 
equipment  on  switchboards  shall  be  handled  as  if  operating  at 
the  highest  voltage  to  which  any  part  of  the  equipment  on  the 
same  switchboard  panel  is  subject,  unless  the  parts  are  known 
by  test  or  otherwise  to  be  free  from  such  voltage. 

Accidental  Grounds — When  an  accidental  ground  is  indi- 
cated on  a  normally  ungrounded  circuit  immediately  open 
the  circuit.  If  upon  a  trial  closing,  it  is  found  that  the  ground 
still  exists,  open  again,  and  do  not  again  close  without  special 
instructions  from  the  chief  operator. 

m 

steam  In  Gnn  Producers — As  to  the  amount  of  steam  re- 
quired to  operate  gas  producers,  there  is  but  little  authentic 
data  and  no  general  rule  can  be  given.  The  character  of  the 
coal  used  has  much  to  do  with  this  question  as  more  steam 
is  needed  for  coal  which  clinkers  l)adly  than  for  that  which 
does  not.  The  size  of  the  gas  mains  and  the  capacity  at 
which  the  producers  arc  worked  are  also  determining  factors. 
In  a  general  way,  however.  It  may  be  stated  that  under 
ordinary  conditions  not  more  than  from  2  to  G  per  cent,  of 
the  heat  units  in  the  coal  are  needed  to  generate  sufficient 
steam.  As  some  of  this  heat  Is  returned  to  the  producer, 
the  actual  loss  Is  less.  If  possible,  the  steam  used  should 
be  superheated  to  prevent  condensation  and  moisture  for.  if 
wet  steam  Is  Introduced,  a  chilling  action  might  result  from 
rcevaporatlon.  It  has  also  been  found  tliat  a  hot  blast  gives 
better  results  than  a  cold  one.  The  pressure  at  which  a 
producer  Is  blown   usually   rantrcs   fiorn    :!0   in    III   lli    per  sq  In 
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TraimsinmittLiinig  Fowler  hy  Rope  Drive 


By  Hexkt  D.  Jacksox 


syyOPST!^ — The  advantagt'x  and  dimdvuniaijes  of  rope 
drives;  lite  relafire  merits  of  the  American  and  Emjlish 
systems;  a  comparison  of  cotton  rope,  with  hemp. 

m. 

Rope  drives  have  a  number  of  advantages  over  belts 
and,  probably  what  is  equally  important,  a  number  of  dis- 
advantages.   The  primary  advantages  are : 

1.  The  distance  through  which  power  can  be  econom- 
ically and  satisfactorily  transmitted  is  much  greater  with 
rope  drive  than  with  belts.  Also,  power  can  be  economic- 
ally transmitted  over  ver\'  short  distances  with  ropes. 


The  disadvantages  of  rope  drives  arc : 

1.  ilore  or  less  skill  is  required  to  properly  adjust  and 
install  the  ropes. 

2.  Necessity  for  the  ropes  being  particidarly  adapted 
to  the  character  of  the  drive. 

3.  Large  diameter  of  the  pulleys,  special  pulleys  being 
required,  which  in  the  case  of  accidents,  may  result  in 
long  delays  for  repairs. 

4.  Necessity  for  avoiding  heavy  overloads  in  order 
to  prevent  rapid  deterioration  of  the  drive. 

The  most  prevalent  trouble  is  deterioration,  owing  to 


Tig.  1.  Showing  Typical  English  Engine  Eoom  and  Eope  Tower 


2.  The  amount  of  power  that  can  be  transmitted  by 
rope  is  limited  only  by  the  capacity  of  the  shaft  and  the 
space  between  the  bearings,  as  the  number  of  ropes  can  be 
increased  to  meet  the  power  requirements.  This  is  quite 
different  from  belts  as  it  is  not  easj^  nor  economical  to 
increase  the  capacity  by  an  increased  number  of  belts. 

3.  Economy  in  installation  cost  and,  so  long  as  the 
drive  is  properly  installed  and  maintained,  low  mainte- 
nance cost. 

4.  Less  space  is  required  for  a  given  capacity  of  drive. 

5.  Steadiness  and  quietness  of  the  drive. 

6.  Absence  of  slip  or  creep  and  to  a  large  extent  the 
elimination  of  static  electricity. 

7.  The  ease  with  which  power  can  be  transmitted  to 
shafts  at  an  angle  to  the  driving  shaft  as  well  as  ease 
of  transmission  from  floor  to  floor. 


overloaded  conditions  and  to  the  use  of  too  small  pulleys, 
^lanufacturers  are  insistent  that  the  minimum  diameter 
of  the  sheaves  should  be  at  least  thirty-six  times  the  diam- 
eter of  hemp  rope  and  thirty  times  the  diameter  for 
cotton,  but  there  are  many  conditions  in  factories  where 
this  practice  is  impossible,  and  pulleys  for  hemp  rope  are 
used  dovni  to  thirty  times  the  diameter.  This  is  unwise 
and  has  in  nuiny  instances  brought  rope  drives  into  dis- 
repute. ^Tllere  the  pulleys  are  properly  designed  for  the 
diameter  of  the  rope  the  drives  have  given  excellent  ser- 
vice. 

Unquestionably,  the  use  of  high-speed  machinery,  par- 
ticularly motors,  has  brought  about  this  condition.  How- 
ever, care  should  always  be  taken  in  the  installation  of 
rope  drives  to  make  the  total  yearly  cost  as  low  as  pos- 
sible.    Low  first  cost  does  not  always  mean  low  yearly 
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cost,  aiul  slow-i<peed  motors  witli  larger  pulleys  are  prob- 
ably more  effective  in  reducing  the  total  yearly  cost  from 
this  standpoint  than  the  use  of  high-speed  motors. 

There  are  two  distinct  types  of  rope  drive,  the  English 
and  the  American.  The  former  consists  of  a  number  of 
single  loops,  each  made  endless  by  splicing  or  by  means 
of  fasteners;  the  writer  does  not  advise  these.  Each 
rope  is  absolutely  independent  of  any  other  and  carries 
its  proportion  of  the  load.    If  one  rope  breaks,  the  others 
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Fig.  2.  Trax.smitti:<(;  Capacity  ok  Cottox  Rope 

Fl(i.    3.    TliAXSMITTING    CAPACITY    OF    IIeMP    RoPE 

can  continue  in  service  at  a  slightly  reduced  capacity 
unless  the  owner  is  willing  to  take  the  chance  of  overload- 
ing and,  therefore,  deteriorating  the  rope  during  the  per- 
iod that  one  is  missing.  In  drives  of  this  character  it  is 
wise  to  design  for  consideraljle  overload  so  as  to  meet  this 
condition  without  straining  any  of  the  ropes. 

The  American,  or  continuous-wrap,  system  consists  of 
a  single  rope  running  from  the  driving  shaft  to  one  or 
more  driven  shafts,  returning  to  the  driving  shaft,  and 
repeating  the  o])eration  as  many  times  as  may  be  re- 
quired to  distribute  the  necessary  power.  The  slack  is 
carried  to  a  tension  pulley  on  a  traveler  and  thence  to 
the  driving  sheave.  This  system  gives  good  results  in 
many  cases  and  has  many  advocates;  whetiier  it  is  an  ini- 
]irovement  over  the  English  system  depends  upon  the 
jioiiit  of  view  of  the  person  using  it.  Its  principal  weak- 
ness is  that  a  break  at  any  point  completely  disables  the 
drive.  It  is  complicated  to  install  and  is  equally  so  to  re- 
]iajr,  requiring  e.vpert  service  and  taking  a  long  time.  The 
drive  is  not  particularly  uniform  in  its  results,  owing  to 
the  slack  traveling  from  jilacc  to  place  throughout  the 
drive  when  the  load  varies  on  the  difTerent  shafts,  and 
upon  suddenly  reaching  the  tension  carriage,  causes  it  to 
surge  and  jump. 

In  general,  the  main  drives  from  the  engine  to  the 
main  shafting  arc  l)y  the  English  system.  The  vertical 
drives  from  one  sliaft  to  anotiicr,  if  the  power  is  compara- 
tively small,  are  by  the  Auicrican  system.  There  are 
]ilan{s,  liowever,  in  which  cither  system  is  used  entirely. 

For  driving  yjurposcs  two  kinds  of  rope  are  employed. 


hemp,  or  nuinila,  and  cotton  rope.  In  America  cotton  rope 
is  little  used  for  main-shaft  drive.  It  is  used  to  a  limited 
extent  on  certain  machinery,  but  in  these  eases  it  is  almost 
invariably  purchased  abroad  as  no  good  cotton  transmis- 
sion rope  seems  to  be  made  in  this  country. 

The  characteristics  of  hemp  rope  are  given  in  the 
curve,  Fig.  3,  from  which  it  will  be  noted  that  the  econom- 
ical limit  of  speed  is  approximately  5000  ft.  per  min. 
Above  this  speed  centrifugal  force  acts  to  throw  the  rope 
out  of  contact  with  the  pulleys  and  the  driving  power 
drops  off  rapidly.  The  curve  is  figured  upon  the  basis  of 
the  maximum  allowable  tension  being  200  times  the 
square  of  the  diameter  of  the  rope.  This  tension  is  on 
the  driving  side ;  that  on  the  slack  side  will  depend  on  the 
centrifugal  force  of  the  rope  and  such  tension  as  may 
be  necessary  to  keep  it  from  slipping. 

Manila  rope  is  made  from  the  best  grade  of  manila 
fiber,  which  has  a  high  tensile  strength  but  is  very  weak 
across  the  grain  and  will  not  stand  excessive  bending.  The 
fiber  is  also  harsh  or  stiff,  and  tends  to  cut  when  made 
in  the  form  of  rope  and  bent,  so  that  the  fibers  must  not 


Fig.    I.  Iluiii-^^PEEi)  Engine  Dhtvixg   Several  Line- 

SHAI'-TS 

lie  i)ut  under  excessive  cross-strain  nor  l)ent  to  too  sliort  a 
radius.  To  avoid  the  trouijles  incident  to  this  bending, 
such  as  local  wear  or  abrasion,  the  ropes  are  frequently 
lubricated.  Even  under  these  conditions,  the  life  of 
manila  ro]ie,  when  operated  at  or  near  full  load,  seldom 
exceeds  ten  years.  Compared  to  belts  this  means  that  the 
initial  cost  of  the  rope  drive  must  be  considerably  less 
to  warrant  its  installation. 

TJic  early  licnip  ami  cotton  ropes  were  three-strand. 
It  was  found,  however,  that  three-strand  ropes  of  hemp, 
except  for  small  drives,  did  not  give  as  good  service  as 
four-strand,  particularly  tho.se  having  a  central  core;  also, 
four-strand  rope  is  more  nearly  <'ylindrical  and  is  more 
likely  to  assume  that  rolling  motion  which  is  instrumental 
in  lengthening  its  life. 

In  direct  contradiction  to  tlic  stiitcmcnts  of  the  Amer- 
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ican  rope  manufacturers  are  the  statements  of  foreign 
manufacturers.  The  former  claim  that  the  most  satis- 
factory material  for  rope  is  manila  fiber,  while  the  latter 
say  that  cotton  is  the  most  satisfactory.  The  writer  has 
no  data  as  to  the  actual  life  of  American  rope  drives,  but 
takinsi  the  figures  given  by  the  manufacturers,  it  is  fair 
to  assume  that  tlie  ropes  do  not  last  much  beyond  the  ten- 


Fii;.  ■").  High-Speed  Exgixe  with  1%-Ix.  Ropes 

Transmitting  9.3  Hp.  per  Rope;  Rim 

Velocity  7033  Ft.  per  Min. 

year  limit.  Comparing  these  figures  with  the  English 
cotton  rope,  one  finds  among  the  latter  a  nimiber  of  drives 
that  have  lasted  over  thirty  years.  It  is  true,  however, 
that  the  English  rope  costs  from  one  and  one-half  to 
twice  that  of  American  rope. 

According  to  some  American  manufacturers,  cotton 
rope  cannot  transmit  as  much  power  as  a  manila  rope 
of  the  same  size.  From  their  catalogs,  a  2-in.  manila  rope 
at  a  speed  of  5000  ft.  per  min.  will  transmit  approxi- 
mately 51  hp.  According  to  the  English  rule,  a "  2-in. 
cotton  rope  will  transmit  approximately  65  hp.;  this 
shows  that  the  tension  which  may  be  put  upon  a  cotton 
rope  is  greater  than  that  for  manila.  This  is  not  because 
a  cotton  rope  is  as  strong  or  stronger,  for  the  reverse  is 
true,  but,  owing  to  the  structure  of  the  hemp  and  the 
harsh  character  of  the  fil)ers,  it  cannot  be  operated  at 
high  tension  because  the  bending  under  these  conditions 
would  tend  to  make  one  fiber  cut  into  another. 

It  is  also  true  that  at  this  speed  centrifugal  force  plays 


an  important  part  when  manila  rope  is  used.  Cotton  has 
no  such  limit  as  the  fibers  are  soft  and  mat  one  upon 
another  without  injurj'^;  also,  with  cotton  the  grooves  are 
so  shaped  as  to  make  the  ropes  wedge  and  centrifugal 
force  is  practically  eliminated.  This  makes  it  possible  to 
exceed  5000  ft.  per  min.;  in  fact,  one  English  manufac- 
turer recommends  speeds  as  high  as  TOOO  ft.  per  min. 
Moreover,  the  pulley  diameters  in  this  case  are  thirtj' 
times  that  of  the  rope,  whereas  for  equivalent  service  the 
American  manufacturers  limit  the  pulley  to  forty  diam- 
eters. This  in  itself  will  make  considerable  difference  in 
cost  in  favor  of  the  cotton  rope. 

The  cotton  rope  as  recommended  is  preferably  three- 
strand,  permitting  the  wedging  action  which  tends  to 
eliminate  centrifugal  force.  Fig.  2  shows  the  capacities 
recommended  for  a  2-in.  cotton  rope  at  different  speeds 
with  the  pulley  diameter  thirty  times  that  of  the  rope. 
This  curve  is  worth  comparing  with  that  in  Fig.  3. 

Ordinarily,  for  vertical  drives  the  continuous  system 
would  be  used  in  this  country,  owing  to  the  difficulty  of 
obtaining  a  proper  wrap  on  the  lower  pulley  with  manila 
rope.  It  has  been  found  abroad,  however,  that  with  cot- 
ton rope  no  siuh  system  is  required,  the  ordinary  English 


Fig.  (j.  Rope  Drrt:  with  Short  Centers 

wrap  being  used,  and  no  difficulty  is  experienced  without 
the  use  of  idlers.  This  naturally  improves  the  drive  by 
a  reduction  in  friction  as  well  as  a  decided  reduction  in 
the  amount  of  bending. 

The  theory  has  been  advanced  by  the  American  rope 
manufacturers  that  cotton  rope  is  not  adapted  to  service 
in  this  coimtr}'  owing  to  climatic  conditions.  Two  mills 
here,  in  widely  differing  localities,  refute  this.  One  has 
been  in  operation  for  over  ten  years  without  a  single  rope 
being  touched;  the  other,  for  over  twent}'  years  withoitt 
any  change  having  been  made  on  the  ropes. 
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Certain  it  is  that  rope  drive.<  have  their  place  and,  in 
spite  of  the  life  of  the  liemp  rope  being  limited,  it  is 
largely  used.  What  would  be  the  result  if  American 
manufacturers  would  produce  rope  costing  double  that 
of  the  present  hemp  but  having  a  life  several  times  as 
great  and  a  capacity  30  to  75  per  cent,  greater?  Would 
not  rope  drives  replace  belts  in  many  instances,  and  would 
there  not  be  good  reason  to  believe  that  in  many  eases 
where  electric  drives  liave  been  used,  rope  drives  would 
be  installed  with  greatly  reduced  first  cost  and  a  probable 
reduction  in  tlie  operating  cost? 

The  generally  accepted  opinion  here  is  that  American 
cotton  is  not  adapted  to  rope  drives  and,  therefore,  that 
it  would  be  necessary  to  purchase  the  more  expensi\c' 
Egyptian  cotton.  The  drives  mentioned  refute  this  as 
the  English  manufacturer  giving  this  information  stateil 
that  the  ropes  used  were  made  from  a  good  quality  of 
American  yarn  and  tliat  American  yarn  gives  quite  as 
good  service  as  the  Egyptian. 

The  reason  for  American  yarn  being  more  effective 
than  the  Egyptian  is  that  the  fiber  is  not  as  silky  and, 
therefore,  has  the  necessan'  resilience.  While  American 
fiber  is  not  as  strong  as  the  Egyptian,  its  elasticity  saves 
it  under  strain  and  on  the  whole  makes  it  better  for  driv- 
ing purposes. 

There  is  no  reasonal)le  limit  to  the  distance  power  can 
1)6  transmitted  with  rojies,  either  long  or  short.  Witli 
suitably  arranged  idlers,  the  drives  can  be  carried  200 
ft.  or  more  in  alleys,  or  in  the  open  up  to  400  or  500  ft. 
if  there  is  ^•ertical  distance  enough  to  take  care  of  the 
sag  and  the  idlers  are  properly  distributed.  For  a  min- 
imum distance  there  are  instances  where  rope  drives  liave 
replaced  gears  with  no  change  of  centers.  The  drive  il- 
lustrated in  Fig.  6  has  operated  satisfactorily  for  a  num-' 
her  of  years.  It  is  more  efficient  than  gears  and  elim- 
inates the  noise  incident  to  the  latter.  Of  course  in  a  case 
like  this  due  consideration  must  be  given  to  the  arc  of 
contact  on  the  .smaller  ]iulley  and  the  number  as  well  as 
the  size  of  ropes.  This  drive  would  luive  been  impossible 
with  belts,  owing  to  the  ratio  of  speeds  as  well  as  the  short 
centers,  because  the  necessary  surface  could  not  lia\o  been 
obtained  without  excessive  pulley  width.  The  slip  would 
have  been  enormous  and  the  belt  tension  .so  great  as  to 
wear  out  the  belt  in  a  sliort  time.  With  cotton  ropes, 
ownng  to  the  grip  of  the  rope  in  tlu'  grooves,  no  difficulty 
has  been  experienced. 

The  initial  cost  of  rojie  drives  is  less  than  that  of  belts, 
not  due  to  a  reduction  in  tlie  cost  of  the  pulleys,  for 
tliese  are  practically  equal,  but  because  the  cost  of  rope 
is  much  less  than  that  of  belts. 

The  space  required  for  an  installation  is  less  with  rope 
than  with  belts.  In  a  drive  of  approximately  1000  hp. 
the  ratio  of  rim  widths  is  102  for  belts  to  58  for  rope, 
and  for  a  drive  of  250  hp.  the  ratio  is  28  to  11.  This 
would  naturally  have  considerable  bearing  on  the  width 
of  a  belt  tower  or  on  the  amount  of  space  taken  from  a 
room  for  driving  pur|ioscs. 

AVith  belts  there  is  a  decided  difference  in  rim  specil 
between  the  driven  and  driving  pulleys,  owing,  first,  to 
the  creep,  which  is  from  y^  to  1  per  cent,  of  the  six'crl 
of  the  belt  and,  second,  to  the  sli]),  which  is  independent 
of  the  creep  and  may  vary  from  3  to  5  per  cent,  in  a  good 
drive;  even  greater  in  one  poorly  laid  out.  With  cotton 
rope  crep]i  does  not  exist  because  of  its  elasticity.  The 
rope  may  .stretch  on  tiu-  high-tension  side  to  a  certain  ex- 


tent, but  its  spring  or  elasticity  makes  it  contract  again 
upon  reaching  the  loose  side;  if  tlic  rope  wedges  to  a 
certain  extent,  creep  is  practically  eliminated.  Slip  can- 
not exist  without  rapid  deterioration  of  the  rope,  so  that 
the  speeds  of  the  driving  and  driven  shafts  hold  a  con- 
stant ratio.  This  feature  is  important  as  the  speed  of  the 
machinery  varies  with  the  load  with  belts  and  thus  the 
]3roduction  varies,  whereas  with  ropes  the  speed  of  the 
machinery  remains  constant  and  the  production  is  con- 
stant. 

Inlow  Muaclh  Us  lEsslhsi^sft  S^©siinitL 


By  (i.  1).  Ckaix.  .[i;. 

This  query  is  suggested  by  a  recent  discussion,  when 
a  flour  miller  and  a  prospective  ice  manufacturer  consid- 
ered the  use  of  the  mill's  exhaust  steam.  The  iceman 
was  going  to  install  a  machine  operating  with  exhaust 
.steam,  and  if  he  could  "liook  up"  with  the  mill  it  would 
save  him  from  buying  a  Ijoiler. 

It  looked  as  though  the  steam  ought  to  be  sold  cheap. 
as  what  tlie  miller  would  get  out  of  it  would  be  "velvet." 
But  the  price  would  naturally  be  affected  by  the  value  of 
tlie  steam  to  the  purchaser,  and  its  value  would  be  indi- 
cated, presumably,  by  the  cost  of  making  live  steam  since 
that  would  have  to  be  produced  unless  the  exhaust  could 
be  provided.  The  miller  had  the  steam  and  the  ice  manu- 
facturer wanted  it,  and  the  balance  between  the  two  was  so 
nicely  adjusted  that  the  price  as  finally  determined  was 
just  about  the  difference  between  zero,  the  previous 
value  of  the  steam  to  the  miller,  and  50  cents,  which  was 
the  estimated  cost  of  fuel  entering  into  the  production  of 
one  ton  of  ice. 

The  result  was  that  a  contract  covering  a  period  of 
years  was  entered  into  between  the  miller  and  the  ice 
concern,  giving  the  former  25  cents  for  each  ton  of  ice 
produced  with  his  steam.  The  contract  was  made  for  a 
long  term  to  protect  the  miller  and  insure  him  a  satisfac- 
tory revenue;  to  protect  the  iceman  and  prevent  tlie  miller 
from  putting  in  a  machine  of  his  own.  Both  sides  were 
perfectly  satisfied  and  believed  that  the  exhaust  steam  was 
sold  at  a  fair  price. 

If  one  were  selling  exhaust  steam  for  heating,  the 
price  would  probably  be  less  than  if  used  for  manufactur- 
ing purposes.  For  example,  the  writer  knows  of  a  knitting 
Uiill  operated  by  motors  which  needs  steam  for  dyeing, 
and  for  this  purpose  it  is  valuable.  Tliis  mill  is  the 
neighbor  of  a  woodworking  plant,  not  using  its  exhaust 
steam,  and  the  knitter  is  wondering  wliether  it  would  bo 
worth  while  to  negotiate  with  the  head  of  the  other  factory 
for  the  steam  now  being  wa.sted.  lie  does  not,  for  one 
leason,  because  he  is  afraid  the  woodworker  may  suddenly 
decide  that  he  needs  the  steam  for  drying  ])urposes  and 
would  cut  it  off.  While  a  contract  would  cover  this,  it 
might  not  prevent  friction. 

A  good  way  to  determine  tlie  value  of  exhaust  steam  is 
to  consider  that  often  live  steam  is  u.sed  when  exhaust 
would  serve  the  pur])ose.  To  that  extent,  exhaust  steam  is 
worth  as  nnich  as  live.  The  value  dej)cn<ls  on  the  use  to 
vvliii'h  it  is  to  be  put,  and  the  nuixinnim  market  price, 
apart  from  the  abstract  matter  of  value,  is  limited  by  the 
cost  of  ))roducing  live  steam  to  do  the  work.  Undoubtedly 
there  are  many  plants  now  throwing  away  their  exhaust 
that  might  find  or  nuike  a  market  for  it. 
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When  building  its;  new  plant  at  Duluth,  Minn.,  the 
Minnesota  Steel  Co.  also  built  a  large  circular  steel  tank 
( Fig.  1 )  for  supplying  coal  to  the  coke  plant.  This  tank 
is  appro.\imately  55  ft.  in  diameter,  40  ft.  high  and  holds 
2100  tons  of  coal.  For  furnishing  coal  for  the  gas  produc- 
ers of  the  openhearth  furnaces  there  are  33  bunkers,  each 
approximately  20  ft.  wide,  12  ft.  deep  and  17  ft.  long. 

To  protect  these  bunkers  from  the  corrosive  action  of 
the  coal,  it  was  decided  to  cover  the  coke-oven  bins  with  a 
5-in.  lining  and  the  producer  bins  with  a  2-in.  lining  of 
concrete,  using  a  cement  gun. 

Fig.  2  shows  the  workmen  on  the  inside  of  the  round 
tank  in  the  process  of  depositing  the  gunite  lining.  Fig. 
3  is  a  view  looking  from  the  top  into  a  line  of  paralwlic 
bunkers  after  the  work  of  gunite  lining  had  been  finished. 

I^iimerous  iron  lugs  were  placed  around  the  inside 
of  the  tank.  To  the  lugs  vertical  rods  were  wired,  and  to 
the  rods  triangular-mesh  wire  cloth,  was  secured  in  hori- 
zontal bauds.  The  wire  mesh  was  held  approximately 
%  in.  away  from  the  steel  and  gunite  was  then  applied. 
The  first  laj'er  is  shot  through  the  mesh  and  serves  to 
hold  the  wire  cloth  in  place,  thoroughly  covering  and  pro- 
tecting the  steel  plate.  The  second  layer  is  then  applied, 
bringing  it  to  a  total  thickness  of  5  in.  When  the  work 
is  finished  the  concrete  is  monolithic  in  construction  and 
the  surface  is  smooth  and  even. 

The  cement  mortar  consists  of  a  mixture  of  i3ortland 
cement  and  torpedo  sand  in  the  proportion  of  1  to  3, 
mixed  dry.  It  is  then  shot  through  a  hose  by  the  cement 
gun  having  an  air  pressure  of  from  40  to  60  \h.  Imme- 
diately before  emerging  from  the  nozzle,  the  dry  mixture 
is  hydrated,  the  water  coming  through  a  separate  and 
smaller  hose  and  being  under  the  control  of  the  operator. 

The  sand  in  the  first  mixture  strikes  a  hard  surface, 
like  a  steel  plate,  reljounds,  then  falls  clear  of  the  work 
to  the  bottom  in  the  form  of  clean  sand  and  leaves  a 
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I'll  .   1.     A  2100-Tox  Capacity  Coal  Bunker  Lined 

WITH  GUXITE 

coating  of  cement  on  the  surface.  As  soon  as  this  coating 
has  attained  an  appreciable  thickness,  it  acts  as  a  matrix 
into  which  subsequent  deposits  of  material  embed  them- 
selves so  that  the  gunite  in  contact  with  the  steel  j)late  is 
clean  cement.  As  a  result  of  this,  and  of  the  pressure 
under  which  it  is  applied,  the  adhesion  of  the  gunite  to 
the  flat  steel  plate  runs  as  high  as  500  lb.  per  sq.ia. 

This  work  was  executed  by  the   Guu-crete   Co.,   914 
So.  Michigan  Ave.,  Chicago,  111. 


Fig.  2.  Peocess  of  Linixg  a  Coal  Bunkee  with 
Gunite 


Fig. 


3.  Finished  Inteeior  of  Coal  BrNKER 
Lined  with  Gunite 
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Since  tlie  advent  of  the  steam  engine  the  pressures  em- 
ployed ha\e  tended  upward.  Watt  commonly  used  ten 
pounds  gage  and  set  twenty  pounds  as  the  safe  limit. 
Years  later  Corliss  considered  a  pressure  above  sixty 
pounds  as  unsafe,  and  at  the  time  it  probably  was.  Such 
men  as  Thurston  and  others  prominent  in  the  field  rea- 
lized the  advantages  of  high  pressure  and  it  was  not  long 
before  stronger  materials  and  better  designs  allowed  a 
considerable  advance  in  this  direction.  In  present-day 
practice  one  hundred  pounds  is  conservative  even  for 
small  plants,  two  hundred  pounds  is  not  uncommon  in 
large  generating  stations  and  in  marine  service  water- 
tube  boilers  have  carried  a  pressure  as  high  as  three  hun- 
dred and  seventy-five  pounds. 

It  is  generally  conceded  that  economy  increases  with 
the  pressure  and  at  a  faster  rate  than  would  obtain  by 
snjierheating  the  steam,  although  the  latter  is  of  impor- 
tance in  reducing  initial  condensation  and  in  turbines 
the  drag  and  wear  resulting  from  wet  steam.  This  being 
the  case,  practice  might  be  improved  l)y  bettering  the  fa- 
cilities at  hand  to  safely  generate  higli-pressure  steam 
and  perfecting  prime  movers  to  vitilize  this  steam  to  ad- 
vantage. For  the  latter,  available  lubricants  and  mater- 
ials of  construction  limit  the  working  temperature  to 
about  si.x  hundred  degrees.  A  pressure  of  six  hundred 
pounds  falls  considerably  below  this  limit  and  might  be 
used  in  heavily  constructed  engines  having  balanced  pop- 
])et  valves  or  in  turbines  especially  made  for  the  pressure. 
There  is  no  question  that  higher  pressures  pave  the  way 
for  gains  in  economy  and  make  possible  greater  concen- 
tration of  tlie  power  plant.  Attempts  to  continue  the  gen- 
eral advance  in  ])ressnre,  tlien,  arc  well  worth  while,  and 
the  cifort  described  on  other  pages  of  this  issue  should  be 
received  with  interest. 

The  boiler  is  of  the  wet-tube  variety  and  as  a  conse- 
quence does  not  possess  the  nonscaling  advantage  of  the 
fiasli  boiler.  In  every  water-tube  boiler  using  water  which 
has  not  been  previously  treated  or  distilled,  scale  is  sure 
to  form,  and  in  the  greatest  quantity  at  the  point  where 
the  circulation  is  least  active.  In  the  average  horizontal 
water-tube  boiler  the  tubes  just  above  the  center  of  the 
bank  fill  up  rapidly,  and  in  the  ty])e  of  boiler  under  dis- 
cussion much  the  same  action  might  be  expected.  Witli 
no  special  provision  for  inspection  or  openings  througji 
which  the  scale  might  be  attacked  directly,  a  boiler  is 
under  a  serious  handica]),  and  this  ap])cars  to  be  the  weak 
]ioint  of  the  present  design.  It  is  luirdly  safe  to  <lepend 
on  mechanical  vibration  in)])arted  from  the  outside  or  the 
action  of  a  light  tire  on  dry  tubes.  Some  scale  could  be 
removed  in  this  way,  but  a  more  positive  melliod  is  pref- 
erable. 

It  is  claimed  that  the  boiler  was  built  to  demonstrate 
the  principles  advanced  aiul  tiiat  the  construction  can 
be  varied  to  suit  requirements.  It  would  be  possible  to 
continue  the  bronze  screw  plugs,  shown  on  the  rear  header 
opposite  the  two  bottom  tubes,  up  to  the  top  if  necessary. 
This  would  give  a  direct  opening  to  each  tube,  permitting 


inspection  and  the  use  of  a  positive  scale  remover.  Much 
of  the  trouble  caused  by  scale  could,  of  course,  be  obviated 
liy  using  distilled  water  in  the  boiler  or  by  previously 
treating  the  feed.  The  advantages  from  the  higher  pres- 
sure would  no  doubt  warrant  this  extra  trouble  and  ex- 
pense. 

Anotlier  apparent  difliculty  would  be  the  regulation  of 
a  coal  fire  to  the  varying  demands  upon  a  boiler  with  so 
little  heat-storing  capacity.  With  a  good  bed  of  fuel  burn- 
ing briskly  to  carry  the  normal  load  on  the  lioiler,  it  would 
seem  impossible  to  dampen  its  effect  immediately  upon  a 
sudden  falling  off  of  the  load.  Tests  conducted  to  settle 
this  point  showed  a  ri.se  in  pressure  of  only  fifteen  pounds. 
Considering  the  large  factor  of  safety,  this  small  increase 
is  negligible.  It  would  be  perfectly  safe  to  set  the  safety 
valve  above  the  working  pressure  and  allow  whatever  mar- 
gin was  necessary  to  prevent  waste  of  steam. 

As  stated  in  the  article,  the  sections  can  be  easily  re- 
moved for  repairs.  The  repairs,  however,  require  the  use 
of  a  welding  outfit  and  an  operator  capable  of  using 
it.  The  alternative  is  to  return  the  damaged  section  to 
the  shop,  first  replacing  it  by  a  new  element  held  in  re- 
serve. Keeping  a  number  of  these  sections  on  hand  les- 
sens the  necessity  for  reserve  capacity  in  extra  boilers. 
This  is  one  of  the  arguments  presented  in  favor  of  the 
boiler  and  it  is  worth  considering-. 


Safety  Fatfsft  lea  tlh®  F®^!«;-©b= 

For  more  than  thirty  years  Power  has  been  striving 
for  legislation  which  should  put  some  safeguard  around 
the  design,  construction,  installation  and  use  of  steam- 
generating  and  using  apparatus. 

There  is  no  industrial  country  which  has  so  little  leg- 
islation of  this  kind  as  the  United  States — and  none 
which  has  so  many  boiler  ex])losioi)s. 

In  all  but  a  few  states  and  mmiicipalities  the  design 
and  con.structicm  of  a  boiler  are  left  to  the  boiler  nuiker. 
If  they  are  done  with  intelligence  and  integrity  it  is  he- 
cause  of  the  boiler  maker's  regard  for  his  reputation. 

There  is  nothing  beyond  his  honest  craftsmanship  or 
the  fear  of  disclosure  to  prevent  him  from  using  bar- 
gain material  or  money-saving  but  risky  methods  in  meet- 
ing competition  or  making  an  extra  profit. 

There  is  nothing  to  prevent  a  user  from  putting  a  boiler 
into  service  for  which  it  is  not  designed  nor  fitted ;  from 
putting  second-hand  junk  under  dangerous  pressure: 
from  keeping  boilers  at  work  after  they  have  reached  tht 
age  and  condition  of  retirement;  from  |)utting  boilers  and 
engines  in  charge  of  men  who  do  not  know  enough  about 
thcin  to  handle  them  safely,  especially  in  emergencies. 
There  is  nothing  to  require  the  user  to  provide  his  boil- 
ers and  engines  and  their  s\irroundings  with  the  a])- 
pliances  and  fittings  and  conditions,  intelligently  installed 
and  maintained,  which  are  necessary  for  their  safe  oper- 
ation. 

As  a  consequence  there  are,  under  sidewalks  and  in 
buildings  of  all  kinds  where  hundreds  of  people  nass  and 
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congregate,  boiler?  more  dangerous  than  dynamite  ear- 
tridges,  in  charge  of  men  of  the  kind  who  will  do  the 
arduous  work  of  keeping  them  running  for  the  least 
money. 

And  as  a  consequence,  there  were  last  year  reported  in 
our  tabular  list  oOl  boiler  accidents,  causing  the  death 
of  171  and  the  injury  of  387.  The  greatest  number  to 
lose  their  lives  iu  a  single  explosion  was  nine  and  those 
injured  (not  in  the  same  explosion)  in  one  explosion 
was  thirty-tn-o.  An  estimate  of  the  monetary  loss  was 
"iven  only  in  120  cases,  but  the  total  for  this  number  was 
approximately  $213,000,  or  an  average  of  $1775.  The 
greatest  loss  reported  was  $-10,0()0. 

Efforts  for  corrective  legislation  have  been  persistently, 
and  for  the  most  part  successfully,  opposed  by  the  large 
users  of  boilers  and  employers  of  engineers;  the  rail- 
roads, the  public-service  corporations,  manufacturing  in- 
terests ;  and  bv  engineers  who  did  not  feel  sufficiently  sure 
of  their  mastery  of  their  business  to  submit  with  confi- 
dent e  to  an  examination.  The  employers  see  in  it  a  men- 
ace of  restriction  in  the  number  of  available  engineers 
and  boiler  attendants  which  may  be  abused  by  the  labor 
organizations,  or  the  specter  of  a  new  public  official  to  be 
kept  in  good  and  complacent  humor.  The  engineers,  over- 
looking the  fact  that  the  state  can  go  no  further  than  to 
insist  that  the  man  in  charge  of  a  steam  plant  shall  be  a 
safe  man  for  the  position,  are  terrified  by  the  accounts 
of  examinations  given  by  those  who  exaggerate  their  diffi- 
culty to  magnify  their  prowess  in  passing  them  or  to  ex- 
cuse their  failure  to  get  through. 

A  proper  law,  intelligently  administered,  will  be  free 
from  both  these  evils,  and  tlie  efforts  of  the  opponents 
should  be  directed  rather  to  forestalling  these  abuses  than 
to  opposing  legitimate  and  necessary  safeguards  to  the 
public  safety  from  apprehension  that  their  possible  abuse 
may  lead  to  their  personal  inconvenience  or  loss. 

The  efliort  has  now  extended  to  a  wider  and  higher 
plane.  A  committee  of  the  American  Society  of  JMechan- 
ical  Engineers,  the  professional  organization  best 
equipped  to  deal  with  the  subject,  presented  at  the  recent 
meeting  of  that  society  a  code  of  boiler  rules  and  specifica- 
tions which  embodies  the  results  of  months  of  study  and 
discussion  by  all  classes  interested,  from  the  steel  makers 
to  the  operating  engineers  who  run  the  boilers.  The 
boiler  makers  are  organized  for  the  purpose  of  urging  the 
adoption  of  these  rules  by  all  tlae  states,  that  they 
may  be  relieved  from  the  difficulties  occasioned  by  con- 
flicting laws  and  that  their  product  may  be  standardized 
the  country  over.  It  is  hoped  and  expected  that  every 
state  in  the  union  will  enact  a  law  requiring  the  inspec- 
tion of  boilers  and  the  examination  and  licensing  of  engi- 
neers, either  by  an  existing  department  or  by  a  depart- 
ment created  for  the  purpose,  and  that  the  code  of  the 
American  Society  of  Mechanical  Engineers  will  be  uni- 
versally adopted  by  those  having  the  administration  of 
such  laws  in  charge.  There  should  then  be  a  national 
organization  of  the  members  of  such  boards  who,  in  an- 
nual convention,  would  discuss  the  problems  of  their  ad- 
ministration and  desirable  additions  to  or  modifications  of 
the  rules,  to  the  end  that  such  changes  should  be  general 
and  uniformity  maintained.  The  board  in  each  state  .should 
be  directed  to  investigate  and  report  upon  every  serious  ac- 
cident to  a  boiler  or  other  pressure  vessel  occurring  in  that 
state,  which  would  lead  to  a  thorough  and  intelligent 
census  of  such  accidents  and  an  analysis  of  their  causes 


which  would  indicate  the  modifications  of  the  code  most 
needed. 

It  is  the  most  pronounced  single  demonstration  of  the 
Safety  First  movement  in  the  industrial  field  and  we  hope 
to  see  it  make  more  progress  during  the  coming  year  than 
it  has  in  all  the  years  that  have  gone  before. 


The  series  of  articles  beginning  in  this  issue  and  de- 
scribing the  equipment  and  operating  methods  in  what 
is,  we  believe,  the  largest  refrigeration  system  in  the 
world,  that  of  the  Quincy  ilarket  Cold  Storage  &  Ware- 
house Co.,  Boston,  treats  of  the  imusual  practice  and  de- 
sign as  found  in  the  company's  chief  station,  the  Sar- 
gent's Wharf  plant  on  Eastern  Ave.  The  refrigeration 
system  embodies  two  large  stations,  seventeen  large  ware- 
houses, and  a  street  system  having  approximately  six 
miles  of  piping  and  supplying  eight  hundred  separate 
services. 

Boston  is  one  of  the  greatest  market  places  in  the 
world,  and  millions  of  dollars'  worth  of  the  produce  com- 
ing into  that  city  is  refrigerated  by  this  company, 
both  in  its  own  warehouses  and  by  cold  brine  served 
through  its  street  system  as  water  is  distributed  to  a 
city  from  a  reservoir.  Much  of  the  service  is  sold  on 
a  guarantee  that  the  temperature  will  not  vary  more  than 
one  degree.  It  is  important  to  the  value  of  all  the 
stored  goods  that  the  service  be  not  interrupted.  If 
the  load  of  a  light  or  power  station  is  dropped  it  can  be 
picked  up  where  it  was  dropped,  but  if  this  refriger- 
ation load  is  interrupted,  the  temperature  continues  to 
so  increase  that  perhaps  by  the  time  the  service  is  re- 
sumed, the  temperature  rise  is  such  as  to  require  hours 
to  get  it  back  to  normal. 

The  nature  of  the  service  explains  certain  peculiarities 
of  design  and  operating  practice,  at  first  thought  seem- 
ingly extreme.  Every  feature  of  design,  every  move  in 
operating,  must  be  thought  out  and  executed  to  the  end 
that  unintentional  interruption  will  be  only  remotely 
possible.  An  idea  of  the  importance  of  uninterrupted 
service  may  be  had  from  the  statement  that  at  present 
one-hundred  and  fifty  million  dollars'  worth  of  perish- 
able produce  is  refrigerated  by  one  compressor. 

In  this  plant,  one  finds  by  far  the  largest  ammonia 
compressor  ever  built,  it  being  of  1000  tons  capacity  at 
a  speed  of  sixty-five  revolutions  per  minute,  but  its  nor- 
mal speed  is  seventy-five,  at  which  it  is  capable  of  de- 
veloping approximately  fifteen  hundred  tons.  The  ar- 
ticles treat  thoroughly  of  the  design  of  this  machine. 
The  amount  of  refrigerated  brine  pumped  daily  in  hot 
weather  is  greater  than  the  water  consumption  of  many 
a  large  city.  The  brine-pumping  engines  run  at  excep- 
tionally fast  speeds.  Turbo-generators  furnish  light  and 
power  for  the  station  and  for  Boston's  great  meat  clearing 
liouse,  Clinton  Market. 

To  rebuild  by  the  aid  of  the  plant's  own  crew  worn 
and  antiquated  equipment,  modernize  it,  thus  carry- 
ing a  high  maintenance  charge,  but  practically  none  for 
depreciation  or  obsolescence,  is  one  of  the  many  unusual 
practices  in  the  plant.  The  articles  are  not  in  the  na- 
ture of  mere  plant  description,  but  rather  treat  of  the 
details  of  all  the  important  engineering  practice  as 
found  in  this  unusually  well  conducted  system. 
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Referriiii;-  to  Mr.  .McXamni'.s  iiulicatdr  diasrranis  from 
the  high-prossure  cylinder  of  an  18  and  32x21:-in.  con- 
densing engine,  published  in  the  Nov.  3  issue,  I  submit  the 
following : 

The  trouble  is  evidently  caused  by  the  eccentric  slip- 
ping on  the  shaft,  reducing  the  angle  of  advance  and 
luaking  all  the  events  late. 

The  head-end  diagram  shows  that  the  admission  line 
is  at  the  right-hand  side  instead  of  at  the  left,  aud 
therefore  it  will  be  .seen  that  admission  does  not  occur 
tiiitil  about  25  per  cent,  of  the  stroke  has  been  com- 
pleted. During  that  time  the  pressure  drops  Ijecause 
steam  is  being  drawn  from  the  receiver  by  the  low-pres- 
sure cylinder.  The  admission  line  inclines  to  the  left 
because  the  piston  is  moving  rapidly  and  cutoff  is  de- 
layed until  about  80  per  cent,  of  the  forward  stroke  has 
Ijeen  completed.  Expansion  is  not  completed  at  the  dead 
center,  therefore  the  steam  is  compressed  until  release 
takes  place  at  about  25  per  cent,  of  the  return  stroke  and 
the  pressure  again  drops  to  that  of  the  receiver. 

It  will  be  noted  that  admission  on  the  crank-end  dia- 
gram is  at  the  left-hand  side  and  that  it  shows  the  same 
general  characteristics  as  the  head-end  diagram. 

The  pound  mentioned  was  caused  by  the  abrupt  rever- 
sal of  jjrcssures  occurring  near  the  jwiut  of  release. 

E.  H.  Saweus. 

Buffalo,  N.  Y. 


I  offer  the  following:  The  receiver  pressure  is  too  low, 
being  below  the  atmospheric  line.  The  valve  action  is  late 
for  all  events.  Admission  A  is  at  about  one-quarter  stroke 
Ml  the  head  end  and  one-fifth  stroke  in  the  crank  end.  The 
ixiJansion  line  extends  from  ('.  where  cutoff  occurs,  to  the 
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end  of  the  stroke  A'.  As  the  exhaust  port  does  not  open 
until  the  piston  travels  aliout  one-lialf  to  one-fifth  of  the 
return  stroke,  the  steam  is  compressed  for  this  period 
instead  of  being  exhausted  into  the  receiver.  From  K 
to  R — that  is,  from  the  end  of  the  stroke  to  the  point  of 


release,  which  should  be  the  exliaust  line — the  line  trav- 
els nearly  parallel  with  the  expansion  line  CE,  but  it  is 
slightly  lower  on  account  of  the  drop  in  pressure  due  to 
cylinder  condensation. 

The  same  thing  occurs,  and  for  the  same  reason,  from  U 
to  A,  the  end  of  the  stroke  to  the  point  of  admission. 
The  heavy  pounding  when  passing  the  center  is,  of  course, 
due  to  lack  of  compression.  The  compression  from  E 
to  B  takes  place  at  the  beginning  of  the  stroke  and  should 
therefore  not  be  confounded  with  the  compression  at  the 
end  of  the  stroke. 

The  remedy  lies  in  advancing  the  eccentric  until  proper 
admission  is  obtained. 

Victor  Boxx. 

Xew  York  City. 

I  quote  Mr.  McLaren's  statement  in  the  Nov.  3  issue: 
"With  the  engine  running  forward  and  the  valve-gear  in 
the  forward  position,  I  do  not  see  how  water  could  be 
pumped,  assuming  that  the  piston  is  traveling  toward  the 
head  end  and  that  the  head-end  exhaust  valve  is  open  and 
the  steam  valve  is  closed.  Any  water  which  might  be  in 
the  cylinder  would  have  a  chance  to  escape  through  the 
exhaust  valve  until  compression  begins." 

I  call  Mr.  McLaren's  attention  to  the  fact  that  while 
normally  the  receiver  pressure  is  low,  the  terminal  pres- 
sure might  be  such  that  when  the  engine  is  started  light 
aud  -steam  is  admitted  into  the  receiver  through  a  bypass, 
or,  due  to  a  sudden  decrease  of  load,  when  the  steam  in 
the  cylinder  would  be  expanded  below  the  receiver  pres- 
sure, water  that  might  have  accumulated  in  the  receiver 
would  be  pumped  into  the  cylinder  and  probably  cause 
damage. 

ViCTOii   Boxy. 

New  York  City. 

Fail^ipe  of  Coaacret®  DaBm 

The  article  in  the  Oct.  27  issue,  page  622,  describing 
the  failure  of  a  concrete  dam  at  Marble  Kock,  Iowa,  was 
interesting.  In  the  fall  of  I!)  12  I  was  asked  to  go  there 
and  confer  with  tho.se  interested  in  the  hydro-electric 
power  project  for  Marble  Bock.  I  strongly  advised  that 
the  hydro-electric  project  be  abandoned  in  view  of  the 
character  of  tlic  foundation,  etc.,  and  that  a  small  steam 
or  oil-engine  |)lant  l)e  installed  at  a  much  lower  first 
cost,  as  the  saving  in  fixed  charges  would  easily  offset  the 
increased  o])erating  e.xjiense. 

If,  howexer,  they  decided  to  have  a  hydraulic  plant, 
I  suggested  that  the  dam  be  built  at  a  point  three  or 
four  miles  down  the  river  where  a  suitable  foundation 
was  available.  Evidently  my  recommendations  (and  in- 
cidentally my  bill  for  services  also)  were  overlooked,  for 
later  sduie  contractor  furnishing  engineering  .services  free 
installed  a  hydraulic  ]plant  for  the  town. 

With  the  $15,000  loss,  the  economic  loss  to  the  com- 
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munity  or  state  still  remains.  It  is  uot  often  that  bad 
engineering  is  so  qniikly  and  thoroughly  shown  up  as  in 
this  case.  This  instance  should  be  brought  to  the  at- 
tention of  managers  of  power  plants  and  industrial  prop- 
erties of  all  kinds. 

Much  dangerous  construction  is  going  on,  not  to  speak 
of  those  numerous  instances  where  thousands  of  dollars 
are  wasted  because  those  in  charge  of  the  work  lack 
the  proper  experience  and  are  unwilling  to  pay  for  the 
services  of  competent  engineers. 

J.    C.    Lathuop. 

Cleveland.  Ohio. 


work  in  an  isolated  location,  without  any  type  of  hy- 
draulic press,  was  the  problem  before  the  erectors. 

Incidentally,  as  the  rotor  was  approximately  48  in.  in 
length,  the  metal  of  the  shaft  would  in  all  probability 
drag  and  tear,  resulting  in  an  unworkmanlike  job.  For 
these  reasons  it  was  decided  to  heat  the  disks  for  a  shrink 
fit  on  the  shaft.  The  core  of  the  revolving  field  was  built 
up  of  a  number  of  2-in.  disks,  so  that  oil  torches  or 
similar  methods  of  heating  were  deemed  inadvisable  for 
fear  of  distortion  due  to  uneven  heating. 

Instead,  a  mammoth  caldron,  large  enough  to  hold  the 
entire  Held  core,  was  built,  the  core  placed  in  it,  covered 


In  an  account  of  a  home-made  feed  heater  in  the  issue 
of  Oct.  6,  p.  502,  together  with  some  data  as  to  resuU.s, 
S.  J.  Robinson  claims  to  have  secured  a  high  rate  of  heat 
transfer  per  foot  of  heating  surface. 

The  weight  of  water  heated  per  hour  is  given  as  34,5.50 
lb.  raised  from  110*  to  200  deg.  F.,  which  absorbs  3,10,5,- 
000  B.t.u.  Assuming  that  steam  at  atmospheric  pres- 
sure or  slightly  above  is  used,  the  heat  (latent)  avail- 
able per  pound  of  steam  would  be  about  970.4  B.t.u.,  and 
at  this  rate  the  heater  woidd  have  to  have  approximately 
3,105,000 


9T0.4 


=  3  i  99.7  lb. 


of  steam  per  hour  passing  through  and  rendering  up  all 
its  latent  heat,  which  would  be  unlikely  to  occur. 

Furthermore,  from  the  drawing  there  appear  to  be  17 
tubes,  which  would  give  the  total  heating  surface  of 
about  14.5  sq.ft.,  requiring  a  heat  transfer  per  square 
foot  per  hour  of  over  230,000  B.t.u. ;  this  is  entirely  too 
high.  Even  with  ten  times  the  heating  surface  the  heat 
flow  would  be  phenomenal.  Roughly,  the  heating  surface 
necessary  to  deal  with  the  given  weight  of  water  based  on 
15  lb.  of  .steam  condensed  per  square  foot  of  effective  sur- 
face per  hour  would  be  230  sq.ft. 

^       ,  ,     ^     ,      ,  E.  H.  Pearce. 

Rochdale,  England. 


In  erecting  the  Drum  power  plant  of  tlie  Pacific  (ias 
&  Electric  Co.,  the  engineers  were  confronted  with  an 
unusual  job.  The  12,500-kw.  generators  are  of  the  re- 
volving-field type,  each  driven  by  two  10,000-hp.  Pelton- 
Doble  waterwheels  (one  at  each  end),  and  the  revolving 
field  is  mounted  on  the  same  shaft  between  the  two  bear- 
ings. The  main  shaft  is  26  in.  diameter  and  is  made  of 
chrome-nickel  steel,  and  hollow.  The  rotative  speed  is 
360  r.p.m.  and  may  exceed  700  r.p.m.  should  an  acci- 
dent occur  to  the  governor. 

The  kinetic  energy  of  the  generator  is  38,000,000  ft.-lb. ; 
in  other  words,  if  the  water  were  suddenly  shut  off,  the  fly- 
wheel effect  of  the  rotor  alone  would  deliver  20,000  hp.  for 
more  than  three  seconds.  It  can  be  seen  that  a  press  fit  of 
extraordinary  tightness  was  advisable  to  prevent  either  the 
waterwheel  or  the  generator-rotor  disks  .wrenching  loose 
or  .clipping  tmder  extreme  conditions.  An  allowance  of 
0.008  in.  was  specified,  and  it  was  estimated  that  a  force 
of  750  tons  woidd  be  required.    To  rig  up  for  such  heavy 


*[In  the  original  letter,  a  typographical  error  occurred  in 
the  table:  it  should  read  (200-110)  to  agree  with  the  state- 
ment in  the  te.xt. — EDITOR.] 
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with  water,  and  then  heated  by  fires  built  about  the  sides. 
The  water  was  kept  at  the  hoiling  point  for  48  hr. 
The  core  was  then  lifted  by  a  traveling  crane  and  set 
on  blockings  previously  arranged.  On  measuring  the  hub 
bore,  it  was  found  that  the  expansion  had  amounted  to 
0.02  in.,  with  a  temperature  rise  of  150  deg.  P.  The  shaft 
was  then  suspended  vertically,  lowered  into  place  in  the 
core,  and  blocked  without  difficulty. 

It  is  interesting  to  note  that  the  quantity  of  heat  stored 
in  the  metal  of  the  core  was  so  great  that  it  required 
cooling  for  24  hr.  before  it  had  shrunk  sufficiently  to 
grip  the  shaft. 

This  same  method  was  applied  to  both  units,  there 
being  three  fits  on  each  shaft,  or  six  in  all.  Two  more- 
units  of  similar  size  will  be  installed  in  the  near  future 
and  assembled  in  the  same  manner. 

Walter  Swahex. 

Havward,  Calif. 


December  8,  191 1 
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Stresses  lira  C©imv®K  He^^s 

In  the  July  1  issue  appeared  a  mathematical  analysis 
of  tlie  stresses  in  tonvex  heads  by  F.  G.  Gasche,  the  results 
of  which  are  rather  at  variance  with  opinions  previously 
expressed  in  these  colunnis. 

The  resultant  formula  brings  the  thickness  of  convex 
heads  up  to  three  times  what  is  now  required  as  a  min- 
imum by  existing  rules,  or,  expressed  differently,  the  pres- 
ent minimum  factor  of  safety  of  5  becomes  15.2,  there 
being  in  effect  no  other  diiference  in  the  proposed  for- 
mula of  the  author  as  compared  with 
„       t  X  T.S. 


Air.  (iasche's  fornnila  is: 


i/?  X  5 


t  X  r.s. 

1.52  RXo 


This  would  undoubtedly  make  the  convex  head  con- 
siderably safer.  However,  with  this  proposed  higher 
factor  of  safety  goes  the  recommendation  that  the  flange 
turn  must  be  of  as  small  a  radius  as  is  practically 
possible  to  make  it,  although  a  sharp  corner  must  be 
avoided.  It  is  held  presumably  that  the  tangents  of 
tlie  spherical  part  of  the  head  should  run  as  closely  to 
the  point  0' ,  Fig.  ] ,  as  possible,  so  that  the  lever-arm 
/j  and  consequently  the  moment  Tl^  will  be  reduced  to 
a  minimum.  This  is  also  in  line  with  the  vital  conclusion 
of  the  analysis  that  the  outer  skin  of  the  flange  turn  at 
A  is  subject  to  tension  and  the  inside  at  B  to  compres- 
sive strains.  It  is  peculiar  how  a  purely  theoretical  analy- 
sis may  sometimes  lead  to  just  the  opposite  of  what  one 
should  judge  from  appearances  actually  takes  j^lace. 

In  3Ir.  Gasche's  analysis,  although  the  mathematics 
seem  to  have  been  worked  out  carefully,  it  would  appear 
that  the  basic  assumptions  on  which  they  rest  are  not 
correct. 


FIG.2 

In  Fig.  2  is  represented  iiMit  o!'  a  llaiige  ring  taken 
from  a  boiler  where  the  disliod  sliect  originally  forming 
one  piece  with  tlie  ring  had  blown  out.  Tlie  many  short 
lines  running  along  the  edge  of  the  fracture  are  little 
cracks  of  varying  magnitudes,  while  the  outer  skin  of 
the  flange  turn  along  the  main  line  of  fracture  is  un- 
broken and  looks  siiionth  excejit  I'or  a  little  surface  rust. 
From  this,  one  would  be  led  to  IxHieve  that  the  metal  on 
the  inner  skin  was  under  very  high  tension  from  the  time 
of  the  installation  of  the  dished  head  until  the  final  rup- 
ture occurred  ;  at  any  rate,  one  would  not  expect  compres- 
sion at  this  j)oint,  while  the  appearance  of  the  outer  skin 
of  the  flange  turn  suggests  no  tension  except  at  the  instant 
of  rupture.  It  has  been  found  also  in  several  cases  where 
convex  heads  have  failed  that  the  heads  in  the  adjacent 
boilers  of  the  same  age  and  construction  had  cracks  on 


tlie  inside  of  the  turn  of  the  flange  working  their  way 
from  the  inside  toward  the  outside  of  the  flange  fillet. 
Yet  Mr.  Gasche's  analysis  tends  to  show  that  the  oppo- 
site should  be  expected. 

First  of  all,  the  deflection  of  the  dished  part  of  the  head 
under  pressure  load  is  entirely  left  out  of  the  deiluctions 
by  simply  assuming  that  a  purely  spherical  tension  at 
the  circumference  is  all  one  need  expect.     This  wrong 


assumption  is  as  old  as  the  convex  head  itself  and  appears 
to  die  very  hard,  it  having  been  stubbornly  adhered  to 
for  many  years  by  men  prominent  in  the  boiler  industrj'', 
although  it  has  never  been  conclusively  shown  to  have 
any  foundation  in  fact. 

Furthermore,  the  accuracy  of  the  deductions  appears 
to  sutler  from  the  fact  that  the  author  treats  the  lever 
anns  l^  and  L  (Fig.  1)  as  beams  with  free  ends,  which, 
of  course,  is  not  actually  the  case  in  a  boiler  head.  If 
argued  from  the  standpoint  of  pure  tension  strain  in  the 
dished  part  of  the  head,  the  moment  Tl^  about  the  center 
0'  would  be  opposed  by  a  resistance  against  crushing  in 
the  dished  part,  radially  from  the  center,  which  crush- 
ing resistance  has  not  been  taken  into  account  in  the 
analysis.  Likewise,  the  moment  Iil„  is  not  opposed  by 
merely  the  resistance  against  bending  of  the  plate  section 
AB,  but  also  by  the  connection  formed  by  the  dished  part 
between  two  diametrically  opposed  elements  such  as 
A  BCD  and  A'lVC'D'  (Fig.  3),  as  well  as  bv  the  cohesion 
between  the  sides  of  the  adjacent  elements,  because  of  the 
fact  that  the  su]iposcd  free  ends  of  the  elements  form  a 
ring  which  would  be  subjeet  to  a  stretching  strain,  in  case 
the  lever  arm  /,  should  tend  to  move  outward.  Xeither  of 
thi-  two  latter  resistances  has  been  taken  into  account. 

It  may  thus  be  safely  concluded  that  by  the  analysis 
here  criticized,  the  ])oint  that  the  support  of  large  spheri- 
cal heads  should  not  depend  on  fillets  of  large  radius  has 
not  been  conclusively  proved. 

The  i'Aci  that  the  dished  portion  of  a  convex  boiler  head 
has  a  tendency  to  .seek  relief  from  stress  by  deflection 
should  not  need  any  argument.  A  flat,  round  boiler 
end  under  pressure  may  bo  ])roperly  considered  as  a  form 
of  beam  sujiported  all  around  the  edges  and  deflection  is 
naturally  expected  in  .'juch  a  beam  similar  to  that  in  any 
uniformly  loaded  beams  supported  at  the  ends,  and  there 
is  IK)  reason  to  assume  that  such  a  round  uniformly 
loaded  plate  should  not  be  subject  to  similar  deflection, 
as  .soon  as  it  has  been  slightly  dished.  It  nntst  be  ad- 
mitted, however,  that  the  degree  of  deflection  becomes  less 
the  deeper  a  convex  head  is  dished. 
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The  stress  in  the  turn  of  the  flange  then  apparently 
depends  on  two  major  considerations:  the  flexing  of  the 
dished  part  and  the  yield  toward  collapse  of  the  ring  to 
which  the  dished  portion  is  attached.  These  two  actions 
cause  the  angle  }'  in  Fig  3  to  become  larger,  which 
produces  a  bending  stress  in  the  turn  of  the  flange,  the 
magnitude  of  which  depends  on  the  amount  of  flexure 
and  collapse  respectively,  the  amount  of  colla])se  prohalily 
in  no  ease  amounting  to  nuuh. 

Neither  on  the  flexure  of  round  plates  under  unifoi-m 
load,  supported  around  the  edges,  nor  on  the  collapse  of 
cylindrical  forms  have  e\er  been  produced  mathematical 
conclusions  that  adequately  cover  these  problems  to  such 
extent  that  tests  will  completely  bear  out  their  correct- 
ness. Such  formulas  as  are  in  use  for  either  of  these  prol)- 
lenis  are  mostly  based  on  empirical  averaging  of  prac- 
tical results,  the  well  known  Nichol's  rule  for  boiler  ends 
and  Fairbairn's  formula  for  cylinders  subject  to  collap- 
sing pressure  being  the  most  prominent  and  frequently 
quoted. 

In  the  ca.se  of  the  convex  head,  offering  a  combination 
of  these  two  problems,  it  would  seem  almost  hopeless  to 
search  for  an  adequate  solution  by  mathematical  con- 
jecturing. 

Instead,  the  admirable  work  done  so  far  with  exten- 
someters  would  seem  to  point  to  the  only  reliable  way 
of  settling  the  question  as  to  whether  the  flange  fillet  of 
convex  heads  should  be  as  small  as  possible  or  of  ainple 
curvature.  ^Meanwhile,  the  contention  that  a  good-sized 
fillet  radius  will  make  conditions  better  than  with  an 
abruptly  turned  flange  (in  which  a  sharp  corner  has  been 
avoided),  is  based  on  the  theory  that  the  bending  stres,ses 
will  be  distributed  over  a  wider  range  of  stressed  area 
with  the  former,  whereas,  with  the  latter,  the  stress  will 
be  localized  in  a  very  narrow  range.  In  this  connection,  it 
should  also  be  remembered  that  the  more  abruptly  a 
plate  is  flanged,  the  greater  wdl  be  the  molecular  disturb- 
ance due  to  the  flanging  process  in  the  steel  of  the  flange 
heel,  which  is  the  ver\-  place  at  which  the  maximum 
stresses  occur  when  a  convex  head  is  subjected  to  internal 
pressure. 

Finally,  the  simple  requirement,  mentioned  by  Mr. 
Gasche,  that  circular  riveted  seams  at  the  ends  of 
cylindrical  drums  .should  be  as  near  to  the  tangents  of 
the  spherical  shell  as  it  is  structurally  possible  to  place 
them,  if  such  a  requirement  really  exists,  does  not  suffer 
any  great  violation  by  increasing  the  radius  of  the 
flange  fillet.  The  idea  of  this  simple  requirement  is  that 
the  overhang  between  the  point  of  support  and  point  of 
load  should  be  as  short  as  possible.  Considering,  how- 
ever, that  in  the  case  of  a  series  of  overhanging  beams 
being  formed  into  a  ring,  such  as  the  flange  ring  under 
discussion,  not  much  dependence  need  be  placed  on  the 
resistance  against  bending  of  the  beams  individually,  since 
the  combined  structure  of  the  beams  collectively  has  re- 
sistance against  collajising. 

In  Fig.  4  are  shown  two  flange  rings  with  the  dished 
part  of  the  head  omitted.  It  would  appear  that  the  one 
liaving  the  biggest  radius  of  flange  turn  is  a  stronger  ring 
against  collapsing  than  the  one  of  minimum  radius  flange, 
so  that  from  this  point  of  view  the  size  of  radius  need 
not  be  restricted;  in  fact,  conditions  woidd  be  better  in 
this  regard  with  the  larger  fillet  radius. 

H.  J.  Vandkk  Eb. 
Hartford,  Conn. 


I  have  found  the  following  repairs  successful:  A  4-in 
cast-iron  pipe  broke  apart  under  a  building  foundation, 
To  have  the  water  on  again  as  soon  as  possible,  I  used 
the  clamp  A,  (i  in.  wide  and  14  in.  thick  (Figs.  1  and  2), 
with  sheet-rubber  packing  wrapped  around  the  pipe,  and 
two  pieces  of  sheet  copper  D  and  1\  6  in.  wide,  where 
the  edges  of  the  clamp  came  together.  This  job  was  done 
seven  years  ago  and  is- still  satisfactory. 

Another  6-in.  cast-iron  water  pipe  had  a  15-in.  crack. 
Fig.  3.     A  piece  of  Yi-'m.  iron  4  in.  wide  formed  to  the 


BiiOKEX  Pipes  Clamped 

shape  of  the  pijie.  with  sheet  rubber  ])laced  under  it,  was 
clamped  over  the  break.  Fig.  4.  This  has  also  proved  suc- 
cessful. 

A  3-in.  steam  pipe  leaked  at  the  flanges  because  the 
threaded  ends  were  badly  corroded.  A  copper  .sleeve 
and  a  5-in.  pipe  8  in.  long  were  .slipped  over  the  open- 
ing after  the  flanges  were  removed.  Fig.  5.  The  space 
between  the  outside  of  the  3-in.  pipe  and  the  inside  of 
the  o-in.  pipe  was  then  filled  with  Smooth-On,  iron,  elastii 
and  power  cement  mixed.  Heat  from  a  blow-torch  was 
then  applied  for  half  an  hour  and  in  two  hours  steam 
was  turned  on. 


Pipe  E.vds  Joixed  with   Sleeves 

In  extending  a  cast-iron  water  main  it  was  found 
that  what  should  have  been  the  connecting  length  was 
a  foot  short  and  there  was  no  more  pipe  of  the  same  size 
on  hand.  Instead  of  sending  to  the  city  for  a  pipe  and 
sleeve,  one  of  the  men  went  into  the  workshop  and  in  a 
few  minutes  turned  out  a  wooden  sleeve  16  in.  long  to  fit 
over  the  pipe.  Next  a  2  O-in.  piece  of  larger  pipe  was  cut 
and  placed  over  the  pipe  ends  and  the  wooden  sleeve,  Fig. 
6.     The  joint  was  then  run  with  lead  in  the  usual  way. 

James  E.  Noble. 

Toronto,  Ont. 


December  8,  1914 
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Action  of  Molten  Iron  in  Soliilifyine — What  is  the  be- 
havior of  inolten  cast  iron  upon  cooling";  does  it  not  expand 
in  solidifying? 

F.    H. 

AFost  cast  irons  exhibit  the  phenomenon  of  expanding  im- 
n.ediately  after  being  poured  in  the  mold  and  during  the  first 
process  of  solidifying,  and  of  then  contracting  during  a  con- 
tinuance  of  the  process  and   while  cooling. 


Place  for  Olitainini;  .Snniiile  of  Flue  Gas — For  boiler  flue- 
gas  analysis,  at  what   point   should  the   sample   be   taken? 

G.    B. 

Preferably  at  a  point  where  the  gases  are  just  leaving 
the  boiler — i.e.,  in  the  case  of  a  water-tube  boiler  the  sample 
should  be  taken  from  the  last  pass  of  the  furnace  gases, 
and  in  that  of  a  fire-tube  boiler  it  should  be  taken  from  the 
connection    bet'ween    the    boiler    and    the    breeching. 


super- 


Behavior    of    rnNt-Iron    Fittineti — "What     effect    ha 
heated    steam    on    cast-iron    fittings? 

A.    R. 

Gray  cast-iron  fittings  show  a  tendency  to  crack  ami 
to  assume  stretch  when  employed  on  superheated  or  high- 
l)ressure  steam  systems.  The  cracks,  although  hairlike  at 
first,  frequently  widen  from  continued  use,  allowing  enough 
steam    to    escape    to    make    their    presence    noticeable. 

Heat  Liberated  by  Flue  Gases — How  much  heat  will  be 
liberated  from  20,000  lb.  of  flue  gas  reduced  from  650  to  300 
deg.    F.  ? 

E.    R.    H. 
The    average    specific    heat     of    flue     gases    is    about    0.2.^. 
Hence,    the   liberation    of   heat    from    20,000    lb.    of    flue    gas   in 
undergoing    a    drop    in    temperature    of 

6.-)0   —    300    ^    3.')0    deg.    V. 
would    V>e 

S.'iO   X   0.25    X   20,000    -    1.7.-)0,000  B.t.u. 


Increasing  Feed  Temperature  at  Expense  of  Back-I'ressure 

— In  case  an  exhaust  steam  feed-water  heater  raises  the 
temperature  from  40  to  200  deg-.  F.  by  use  of  2V4-lb.  exhaust 
back  pressure  on  a  noncondensing  engine,  would  it  pay  to 
throttle  the  exhaust  siifliciently  to  raise  the  feed-water  tem- 
perature  to   210  deg.    F.  ? 

G.  F.  T. 
Ilndei-  ordinar.v  conditions  it  would  'not  lie  economical  to 
obtain  such  iin  increas*-  in  temperature  of  feed  at  the  expense 
of  Increasi'd  back  pressure,  as  the  gain  in  heat  of  feed  water 
could  not  compensate  for  the  additional  steam  consumption 
of  the  engine  for  development  of  the  same  mean  effective 
pressure. 


f'orrnslon  and  Protection  of  llusbars — What  Is  the  whitish 
coating  formed  on  copiier  busbars  when  exposed  to  coal  gas 
from  passing  rallwa.v  locomotives,  and  how  can  such  de- 
poslt."!  be  removed  and   i)revented? 

L.    S. 

■Since  the  busbars  are  exposed  to  coal  gas,  and  probably 
al80  to  moisture,  the  copper  is  attacked  by  sulphurous  acid 
forming  a  white  sulphate.  The  deposit  can  be  removed  by 
scraping;  or  perhaps  moistening  the  busbars  with  a  very 
dilute  sulphuric  add.  all  traces  of  which  should  be  removed 
by  rubbing  down  the  busbars  with  waste  moistened  in  clean 
water.  To  prevent  further  chemical  action  the  busbars, 
after   being    thoroughly   cleaned,   should   be   lacquered. 

RaisInK  l-iquor  !>>•  Alr-Jct  1.1ft — For  transferring  a  w;irni 
liquor  from  one  tank  to  another,  a  steam  siphon  Is  found  to 
be  objectionable,  as  the  condensed  steam  mingles  with  the 
liquor.  What  type  of  air  pump  or  other  air  appliance  can 
be  used,  the  liquor  having  a  density  of  about  the  same  as 
that  of  sea  water  and  the  tanks  being  each  13  ft.  In  diameter 
by    8   ft.    deep? 

K.    I'.    H. 

Assuming  that  aeration  of  the  lli|Uor  Is  not  objectionable 
and  that  a  supply  of  compressed  iilr  Is  available,  a  con- 
venient method  of  transferring  the  liquor  from  one  tank  to 
another  would  be  by  an  air-Jet  lift,  which  should  be  placed 
below   the  lowest  level  of   the   liqnoi-   which    is   to  be   elevated. 


Placiniar  Patch  on  Horizontal  Retum-Tubular  Boiler- 
Should  patches  on  the  shell  of  a  horizontal  return-tubular 
boiler   be    placed    on    the    inside    or   the    outside   of   the   boiler? 

C.    M. 

Generally  speaking,  it  is  better  to  place  a  patch  on  the 
inside,  as  in  putting  on  a  patch  the  riveting  and  calking 
tend  to  flatten  the  curvature  of  the  shell,  and  when  the 
patch  is  placed  on  the  outside  the  calking  is  more  likely  to 
become  opened  by  the  effort  of  the  shell  to  assume  a  circular 
form  when  under  pressure.  Patches  below  the  water-line 
always  should  be  placed  on  the  inside,  otherwise  a  pocket 
of  a  depth  equal  to  the  thickness  of  the  shell  plate  is  formed 
inside  and  soon  becomes  filled  with  sediment  which  may 
cause   the    patch    to    become    burned. 


Detecting  Grounded  Bar  of  Stator — What  method  may  be 
employed  for  detecting  a  grounded  coil  of  the  stator  of  a 
three-phase   induction    motor   without   removing  the    rotor? 

M.    F.   K. 

With  any  source  of  direct  current,  preferably  110  volts, 
connect  one  side  to  the  motor  frame  and  the  other  side  to 
one  lead  from  a  lamp  socket.  Untape  the  stator  windings 
where  the  phases  join  and  with  the  other  lead  from  the  lamp, 
test  each  phase.  The  one  grounded  will  cause  the  lamp  to 
light.  Having  determined  this,  untape  several  groups  of  coils 
and  in  this  way  find  which  group  the  trouble  is  in  and  sim- 
ilarly locate  individual  coils  which  may  be  grounded.  Also,  a 
voltmeter  may  be  used  for  this  purpose,  or  a  telephone  re- 
ceiver with  a  low  voltage  current,  as  explained  in  connection 
with  direct-current  armatures  in  the  Nov.  3  issue  of  "Power." 
Also  see  "Short  Circuits  and  Grounds  in  Field  Coils,"  Sept.  1 
issue  of   "Power." 


AVIiat  Becomes  of  tlie  Heat  in  tlie  i'^ucl — What  becomes  of 
the  heat  whicli  is  supplied  in  the  form  of  fuel  to  the  boiler 
furnace   of   .a   noncondensing    steam-power    iilant? 

J.    S. 

The  heat  losses  and  utilization  of  the  heat  in  the  coal  will 
vary  with  different  plants  and  different  conditions  in  the 
same  plant.  In  the  average  steam-power  plant,  using  a  non- 
condensing  engine  and  exhaust  steam  feed-water  heater,  the 
heat  of  the  fuel  supplied  to  the  boiler  furnace  is  distributed 
in    about    the    following    proportions: 

Per  Cent. 

Lost   through    the    grates    1.5 

Lost   by    radiation    from    boiler    and    setting    i)..'i 

Lost   in    chimney    gases   and    incomplete   combustion....        25.0 

Lost  by    radiation    from    steam    pipes 1.5 

Delivered    to    pump    1.5 

Lost  by    radiation     from     engine     2.0 

Lost  in    engine    friction     1.0 

Lost  in  engine  e.\haust   55.0 

Utilized   as   power   delivered   by   engine 9.0 

Total     100.0 

lOvaporatlon  I  iider  Stated  Conditions — With  coal  showing 
14,000  H.t.u.  i)er  lb.,  an  efHciency  of  boiler  and  grates  of  6S 
per  cent,  and  a  feed-water  temperature  of  200  deg.  F.,  how 
many  pounds  of  water  per  pound  of  coal  would  be  evap- 
orated  into  steam    at   150   lb.   gage   pressure? 

M.    G. 

There  would  he  68  per  cent,  of  14,000  or  il.'')2fl  B.t.u.  avail- 
able from  each  pound  ot  coal.  Gage  pressure  of  150  lb.  per 
sq.in.  would  be  equal  to  about  150  -)-  15,  or  165  lb.  absolute, 
and,  according  to  the  Marl<s  and  Davis  steam  tables,  a  pound 
of  dry  saturated  steam  at  that  pressure  has  a  total  heat  of 
1105  B.t.u.  above  32  deg.  F.  With  the  feed  water  at  200  deg. 
F.— I.e.,  200  —  32,  or  16S  deg.  F.  above  32  deg.  F. — then,  for 
conversion  Into  steam  of  the  stated  pressure,  each  pound  of 
water   would   receive 

1195  —   1 6s    =    1027   H.t.u. 
and    with    S520   B.t.u.   available    from    each    pound    of  coal,   the 
evaporation    under    the    conditions    would    bo 


of   water   per 


9520 

1027 
pound   of  coal. 


■-    9.26    lb. 


communications  with  full  names  and  post  ofllce  addresses. 
This  Is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and    for  the  inqulrb-s  to   rcfiv.    :ift.nti..!i       FI'ITnlt.] 
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sag;E!i°°VIIS 
Faxs  and  Heateks 

liefore  takiii<r  up  the  design  of  the  heating  and  venti- 
lating apparatus  for  the  different  buildings,  it  may  be  well 
to  srive  a  small  amount  of  general  data  relating  to  the 
more  important  parts  of  the  equipment  used  for  this  pur- 
]>ose.  The  eentritugal  fan  with  steel  housing  is  the  type 
almost  universally  used  for  this  class  of  work.  It  is  not 
only  compact  and  self-contained,  but  produces  a  higher 
pressure  than  a  disk  fan  under  similar  conditions,  and  is 
therefore  better  fitted  to  overcome  the  resistance  caused 
by  long  runs  of  piping  with  more  or  less  frequent  bends 
aiid  offsets.  Casings  may  be  had  with  either  one  or  more 
outlets  arranged  to  discharge  the  air  at  any  angle  desired. 
thus  lending  themselves  readil}  to  installation  in  a  varie- 
ty of  locations. 

\\niile  the  relative  proportions  of  wheel  and  casing  vary 
somewhat  with  different  manufacturers,  in  a  number  of 
standard  makes  examined,  the  width  of  wheel  at  the  cen- 
ter was  found  to  be  about  0.52  of  the  diameter.  Although 
in  some  makes  the  outlet  is  given  a  greater  height  than 
width,  it  is  more  customarj'  to  make  it  square  with  a  di- 
mension each  way  about  2  in.  greater  than  the  width  of 
the  wheel.  These  dimensions  are  especially  noted  because 
they  are  assumed  in  the  computations  and  tables  which 
follow. 

While  the  efficiency  of  a  fan  increases  up  to  a  peripheral 
velocity  of  about  8000  ft.  per  min.,  it  should  not  exceed 
about  3500,  where  quietness  of  operation  is  required,  as 
in  schools,  churches,  etc.  For  shops  and  factories,  where 
a  certain  amount  of  noise  is  not  objectionable,  the  periph- 
eral velocity  may  be  increased  to  5000  ft.  or  more  with 
good  results. 

In  general,  the  volume  of  air  delivered  by  a  fan  varies 
directly  as  the  speed,  and  the  power  as  the  cube  of  the 
>peed.  That  is,  doubling  the  speed  will  double  its  capac- 
ity, but  will  require  eight  times  the  power  to  drive  it. 
This  increase  in  power  applies  only  to  ideal  cases,  and 
does  not  take  into  account  the  efficiency  of  the  fan.  How- 
ever, the  power  increases  much  more  rapidly  than  the 
volume  of  air  delivered,  even  under  practical  conditions, 
and  should  always  be  borne  in  mind  when  the  matter  of 
speeding  up  a  fan  to  increase  its  capacity  is  under  con- 
sideration. 

Under  the  conditions  of  hot-blast  heating  as  applied 
to  machine  sho])s  and  foundries,  the  capacity  of  a  centrif- 
ugal fan  is  given  approximately  by  the  formula 

V  =  0.43  X  r  X  T!  X  0 
in  which 

V  =  Volume  of  air  moved  in  cubic  feet  per  minute; 
C  =  Circumference  of  fan  wheel  in  feet; 
E  =  Revolutions  per  minute ; 
0  =  Area  of  outlet  in  square  feet. 
Table  1  gives  data  for  use  with  the  above  formula. 
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=(.„  TABLE    1— FAN    DIMENSIONS 


niamcter  of  i''n 

„ 

Ci 

■cu 

iiference 

of 

Area 

3f  Outle 

Wheel,  Over  All. 

Ft. 

Fa 

1  Wheel  (C) 

Ft. 

(O) 

,  Sq.Ft. 

3 

9.4 

2.9 

••ik 

11.0 

3.9 

4 

12.5 

5.0 

414 

14.1 
15.7 

6.2 
7.6 

5 '■A 
6 

17.3 

IS. 8 

9.1 
10.7 

22.0 

14.4 

S 

25.1 

18.6 

9 

10 

2S.3 
31.4 

23.4 

28.7 

Table  2  has  been  computed  by  the  formula,  for  fans 
having  speeds  of  approximately  5000  ft.  per  min.  periph- 
eral velocity,  and  also  gives  the  brake-horsepower  of 
motor  for  driving  them  at  these  speeds. 


TABLE 

2_F.A.N   SPEED,    DELIVER 

T   ANL 

)    HORSE 

POWER 

REQUIRED 

Dia.  ot 

Speed, 

Volume  Delivered, 

B.Hp. 

of  Motor 

5"an.  Ft. 

R.p.m. 

in  Cu.Ft.  per 

Min. 

for  Driving  Fan 

3 

530 

5,400 

5 

3  '■'. 
4 

450 
400 

8,500 
10,400 

6 

4'/i 

360 

13,400 

8 

320 

16,300 

10 

5>A 

300 

20,100 

13 

6 

270 

23,200 

15 

230 

31,300 

IS 

S 

200 

40,800 

24 

!t 

ISO 

51,300 

32 

10 

160 

62,000 

40 

111  using  Table  2  select  the  size  which,  at  the  given 
speed,  delivers  the  volume  of  air  nearest  to  that  required, 
imd  make  the  necessary  change  in  speed. 

Example — What  size  and  speed  of  fan  will  be  required 
to  deliver  38,000  eu.ft.  of  air  per  minute  under  the  con- 
ditions of  shop  or  factory  heating,  and  what  horsepower 
of  motor  will  be  required  for  driving  it? 

From  Table  2  an  8-ft.  fan  at  200  r.p.m.  will  deliver 
40.SC0  cu.ft.,  which  is  the  nearest  to  that  required.  There- 
fore, a  fan  of  this  size  should  be  used  and  run  at  a  speed 
of 

38^X200  =  18.;..;;.... 
40,800 

The  change  in  horsepower  is  found  as  follows:  While, 

theoretically,  this  varies  as  the  cube  of  the  speed,  it  will 

be  found  under  actual  working  conditions,  for  variations 

of  50  to  75  r.p.m.  either  side  of  the  speeds  given  in  the 

table,  that  the  horsepower  varies  approxijnately  as  the 

square  of  the  speed.    Hence,  for  any  change  within  these 

limits,  divide  the  new  speed  by  the  old,  square  the  result, 

and  niulti])ly  this  by  the  old  power  taken  from  the  table. 

In  the  above  example,  the  old  speed  is  200,  the  new  speed 

18(i  and  the  old  power  from  the  table,  24.    Therefore,  at 

the  new  speed 

'l^'Y  X  24  =  20.7  Jip. 

will  be  required. 

Practical  Application 
Having  decided  upon  the  method  of  computing  the 
size  of  fan  and  motor,  and  the  approximate  speed  at 
which  they  are  to  operate,  let  us  apply  these  to  the  va- 
rious buildings  of  the  plant  under  consideration.  Taking 
up  the  machine  shop  first,  there  are  two  conditions  to 
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fulfill  in  determining  the  volume  of  air  to  be  handled 
by  the  fans.  First,  the  volume  should  be  sufficient  to  carry 
in  tlie  required  amount  of  heat  for  warming  the  build- 
ing, within  a  normal  working  range,  say  between  60  deg. 
and  140  deg.:  and  second,  the  fans  must  be  of  sufficient 
capacity  to  give  to  the  building  three  complete  air  changes 
per  hour  in  mild  weather.  The  required  volume  for  each 
should  be  computed,  and  the  fan  capacity  made  large 
enough  for  the  greater.  Assuming  the  normal  tempera- 
ture of  the  building  to  be  60  deg.,  and  the  temperature 
of  the  air  delivered  by  the  fan  140  deg.,  which  may  lie 
taken  as  average  conditions,  the  rise  in  temperature 
will  be 

140  —  60  =  80  dcfi. 
In  rooling  80  deg.  it  gives  off 

80  X  ^  =  1.4  B.t.u. 
Therefore,  the  total  lieat  required  per  hour  for  warming 
divided  by  1.4  will  give  the  cubic  feet  of  air  to  be  moved 
by  the  fan. 

Previous  comijutations  have  shown  that  in  the  case  of 
the  machine  shop  3,409,000  B.t.u.  are  required  for  warm- 
ing the  building  in  zero  weather,  hence 

3,409,000  -^  1.4  =  2,435,000  cu.jt. 
of  air  must  be  moved  per  hour  for  transmitting  the  re- 
quired amount  of  heat.     Computing  the  volume  on  the 
basis  of  ventilation  with  three  complete  air  changes  per 
hour,  it  is  found  that 

1.:  60,000    X    3    =    ."i.280.000    ru.p. 
are  required  j)er  hour,  or 

5,280,000  -f-   60    =    88.()()0   cu.ff.   per   inin. 

As  this  is  the  larger  volume,  the  fans  must  be  jiropor- 

tioned  on  this  basis.     In  a  building  of  this  size  it  will 

be  best  to  use  two  fans  having  a  capacity  of  44,000  cii.rt. 

each.    Table  2  shows  that  an  8-ft.  fan  at  200  r.p.iii.  will 

deliver  40,800  cu.ft.  of  air  per  miu.  and  requires  21  hp. 

Hence,  in  the  present  case  two  8-ft.  fans  will  be  used,  each 

running  at 

44,000 

X  2(K)  =  -ilCi  r.p.iii. 


and  rcquiriii 


4(i,S()0 
a  motor  of 

■216\2 

,  200 


X  24  =  28  lip. 


Taking  up  the  other  buildings  and  rooms  to  be  ven- 
tilated, in  a  similar  way,  and  using  data  on  heat  rc(iuirc- 
ments  and  air  supply  already  computed  in  a  previous  ar- 
ticle, gives  the  following: 

For  the  fomulry  the  heat  requirements  are  1,007,800 
B.t.u.  per  hr.  In  this  case,  the  normal  temperature  of 
tlie  building  is  only  .50  deg.  and  tlie  heat  requirements  are 
divided  by 

90  X  A  =  i-6 
to  get- the  air  volume,  which  is 

1,007,800  -^  1.6  =  629,875  r.u.jL  per  hr. 
The  computed  air  supply  for  ventilating  purposes  in  Ibis 
case  is  600.000  cu.ft.,  so  the  larger  volume  will  be  used. 
which  is 

629,875  -=r-  60  =   10,198  cu.ft.  per  inin. 
requiring  a  4-ft.  fan  at  api)roxiniately  400  r.p.ni.  driven 
by  a  7-hp.  motor.    This  building  is  to  have  a  vent  or  dis- 
charge fan  also  of  ihe  snme  capacity. 

In  the  forge  shop  the  heat  reqtiiremcnts  are  378,840 
R.t.u.,  requiring 

378,840  -f-    1.6   =   236,;:  5  ni.fl. 


of  air  per  hour.     The  computed  volume  for  ventilation 
was  200,000  cu.ft. 

236,775  -H  60  =   3946   vu.fl.   per  min. 
for  which  a  3-ft.  fan  at  320  r.p.m.  may  be  used,  requiring 
a  3-hp.  motor. 

The  total  air  volume  for  the  remaining  rooms,  which 
are  to  be  supplied  by  a  single  fan,  are  as  follows :  Offices, 
403,200;  toolroom,  268,80o";  drafting  room,  378,000;  pat- 
tern shop,  252,000.  This  makes  a  total  of  1,302,000  cu.ft. 
per  hr.,  or 

1,302,000  -^  60  =  21,700  cu.ft.  per  min. 
A  6-ft.  fan  at  270  r.p.m.  may  be  used  in  this  case  with  a 
15-hp.  motor.     This  gives  a  small  surplus,  which  is  on 
the  side  of  safety,  the  capacity  from  Table  2  being  23,200 
cu.ft.  per  min. 

Heaters 

The  heaters  used  for  hot-blast  work  in  shops  and  found- 
ries are  of  two  general  types,  those  made  up  of  wrought- 
iron  pipe  screwed  into  cast-iron  bases  or  headers,  and 
cast-iron  sections  of  the  j)in  type,  designed  and  connected 
up  for  this  particular  class  of  work.  In  designing  a 
heater  of  this  general  type,  three  requirements  must  be 
kept  in  mind:  It  must  be  of  sufficient  depth  to  give  the 
desired  final  temperature  to  the  air ;  it  must  contain  suf- 
ficient radiating  surface  to  give  ofi"  the  total  amount  of 
heat  required  for  warming  and  ventilating  purposes,  and 
nuist  have  sufficient  free  area  between  the  pipes  for  the 
flow  of  air  without  producing  an  excessive  velocity. 

Both  the  efficiency  and  final  temperature  will  vary  with 
the  temperature  of  the  entering  air,  the  steam  pressure 
and  the  velocity  of  the  air  through  the  heater.  The  ef- 
ficiency will  be  increased  by  increasing  the  velocity  of 
flow,  but  the  final  temperature  will  be  diminished ;  that  is, 
a  larger  quantify  of  air  will  be  heated  to  a  lower  tempera- 
ture in  the  second  case,  and  while  the  total  heat  given  off 
is  greater,  the  air  quantity  increases  more  rapidly  than 
the  heat  quantity,  which  causes  a  drop  in  temperature. 
Increasing  the  number  of  rows  of  pipe,  or  depth  of  heater, 
with  a  constant  air  velocity,  increases  the  final  temi)era- 
ture  but  diminishes  the  efiiciency,  because  the  average 
difference  in  temperature  between  the  steam  and  air  is 
less.  Increasing  the  steam  pressure  in  the  heater  in- 
creases both  the  final  temperature  of  the  air  and  the  cf- 
dcienc}'  of  the  heater. 

Considerable  data  have  been  published  in  the  last  two 
or  three  years  relating  to  tlie  results  obtained  from  heat- 
ers of  thi.s  type  under  difl'erent  conditions.  Table  3  has 
been  prepared  for  the  average  practice  in  sho])  heating, 
where  exhau.st  steam"  is  utilized  in  the  coils  at,  or  slightly 
below,  atmospheric  pressure,  and  where  the  air  passes 
through  the  heater  at  an  average  velocity  of  about  1200 
ft.  per  min.  It  is  also  assumed  flwit  the  tem])erature  of 
the  entering  air  is  zero. 

T.XHhl':    :!— TIO.MlM'IltATURES    AND    IIKAT    C.IVION    OFF 

H.t.u.  Given  Off  per 
Final  Tci!  '  .---.. 


Temp,  of 

S.i.Ft 

of  HeutlnK 

DcR.  F. 

.'^uifa 

■e  per  Hour 
2100 

80 

2000 

inn 

111  no 

iir, 

isno 

\:u) 

1  TOO 

no 

It;  no 

The  free  area  through  a  standard-pipe  heater  will  not 
vary  much  from  0.1  of  the  overall  or  gross  area,  and  this 
rclatjon  may  be  used  when  checking  a  given  heater  for 
maximum  velocity. 

Tnblc   1.  nrnmL'cd  bv  the  writer  some  vears  ago,  gives 
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approximate  dimensious  of  pipe  heaters  of  standard  type 
and  may  be  used  in  the  design  of  the  heaters  in  the  pres- 
ent plant. 

T\BLE    4— DIMENSIONS   OF    STANDARD-PIPE    HEATERS 

Sq.Ft.  of  Sq.Ft.  of 

Width  of     Height  of  Heating     Width  of     Height  of       Hfan"S 
Section   Ft.   Pipes,  Ft.   Surface  Section.  Ft.   Pipes,  Ft.       Surface 


3Vi 
4 
4 ',4 

6 


5 


7% 
S 


103 
lOSI 
116 


Tlic  vohinie  of  air  passing  througli  the  heater  per  min- 
ute is 

3,520,000 


60  X  2 

whicli  gives  a  velocity  of 

29,333 


29,333  rii.fi. 


22.4 


=  1309  //.  per  min. 


The  square  feet  of  heating  surface  given  above  are  for 
a  single  row  of  pipes.  When  computing  the  overall  di- 
mensions allow  one  foot  in  height  for  the  base  in  addi- 
tion to  the  pipes;  and  the  same  amount  on  the  width  for 
the  supply  and  return  headers. 

Taking  up  the  design  of  the  heaters  for  the  machine 
i-hop  we  have  the  following  conditions.  Dividing  the 
work  equally  between  two  heaters,  and  assuming  two  air 
changes  per  hour  in  zero  weather,  gives  the  heat  quantity 
to  be  supplied  by  each  heater  under  maximum  conditions. 

In  the  fourth  article  of  the  present  series  the  heat  re- 
quirements for  the  machine  shop  were  3,409,000  B.t.u. 
per  hr.  for  heating  and 

2   X   1^920.000  =   3,840,000  B.i.u. 
per  hr.-ft.  for  ventilation.     The  air  volume  is  3,520.000 
cu.lt.  per  hr. 

The  first  step  is  to  determine  the  final  temperature 
to  which  the  air  must  be  raised,  in  order  to  trad  the  re- 
quired depth  of  heater  and  the  efficiency  to  be  expected. 
The  heat  required  for  ventilation  is  simply  for  raising  the 
given  volume  of  air  from  0  to  60  deg.,  the  temperature 
of  the  room,  so  does  not  enter  the  computation.  The 
problem  therefore  becomes:  Through  how  many  degrees 
must  this  volume  of  air  be  raised  to  bring  in  the  B.t.u. 
required  for  warming  the  building?  This  rise  in  tem- 
]ierature  added  to  60  deg.  will  evidently  give  the  final 
temperature.  The  formula  for  this  is 
_  55/f 
^  "     V 

in  which 

2'  =  Rise  in  temperature  in  degrees; 

n  =  B.t.u.  to  be  given  to  the  entering  air  per  hour ; 

T'  =  Volume  of  air,  in  cu.ft.  entering  per  hour. 
•Substituting  the  given  quantities  in  the  formula,  gives 

^      55  X  3,409,000 

7   = =  0.3 

3,520,000 

i'i-oni  which  the  final  temperature  is  found  to  be 
53  +  60  =  113  deg. 
Referring  to  Table  3,  this  will  require  a  heater  20  pipes 
deep,  and  the  radiation  per  square  foot  of  surface  per 
liour  will  be  1800  B.t.u.,  which  calls  for  a  total  heating 
surface  of 

3,409,000  +  3,840,000        ,^,^_ 

Ts-oo =^^'' 

or  practically  4000  sq.ft.,  making  2000  sq.ft.  in  each 
heater.  If  the  heater  is  to  be  20  pipes  deep,  each  row 
must  contain 

2000  ~  20  =  100  sq.ft. 
of  heating  surface,  which  from  Table  4  corresponds  close- 
ly to  a  section  7  ft.  wide  by  8  ft.  high.     Checking  for 
velocity,  there  is  a  free  area  of 

7  V   8  V   0.4  =  22.4  .<<ri.H. 


This  is  within  the  usual  limit  of  about  1500  ft.  per  min. 
In  the  foundry  the  air  supply  for  limiting  the  temper- 
ature of  the  entering  air  to  140  deg.  was  found  to  be 
029,875  cu.ft.  per  hr.,  which  calls  for 
629,875  X  140 


55 


=  1,603,318  B.t.u. 


to  raise  it  from  zero  to  140  deg.  final  temperature.  The 

heater  should  be  28  pipes  in  depth,  and  will  give  off 

1600  B.t.u.  per  sq.ft.    It  will  require 

1.603,318  -^  1600  =  1002  .'sq.ft. 

of  surface,  with 

1002  -^  28  =  36  .ST/.//. 

]ier  section.     From  Table  4,  this  corresponds  to  a  4x5-ft. 

section,  which  has  a  free  area  of 

4  X  5  X  0.4  =  8  sq.ft. 

■iiid  permits  an  air  velocity  of 

629,875       ,.^,„  ^., 

— -  =  1312  ft.  per  mm. 

60   X  8  •'      ' 

This  is  within  the  limits. 

In  like  manner  the  forge  shop  is  found  to  require  a 
heater  28  pipes  deep,  made  up  of  3x3-ft.  sections,  and 
containing  400  sq.ft.  of  surface. 

The  total  air  supply  for  the  office  wing  of  the  building 
is  1,302,000  cu.ft.  per  hr.,  and  is  to  he  raised  to  70  deg. 
in  zero  weather.  This  will  require  a  heater  12  pipes  deep 
containing 

1,302,000  X  70  _,,_  ., 
55  X  2000  =  ' ''  ''^■■^'- 
of  surface.  This  should  be  made  up  of  6x6y2-ft.  sec- 
tions to  give  the  required  surface  and  area  for  air  flow. 
Another  article  will  deal  witli  the  arrangement  of  these 
fans  and  heaters  together  with  air  distribution,  piping 
details  at  heaters,  etc. 

Si 

BHud  and  Blank  Flanges — The  words  "blind"  and  "blanlc" 
are  often  erroneously  used  in  connection  with  flanges.  A 
blind  flange  is  to  close  tlie  end  of  a  pipe,  while  a  blank 
flange  is  not  drilled  but  in  all  other  respects  is  complete. 
The  words  "blank  flange"  are  sometimes  used  to  designate 
a  pipe  flange  which  is  not  threaded,  though  this  is  poor  usage. 

Wi 
A  Remarkable  Stream — Deschutes  River,  Oregon,  a  tribu- 
tary of  the  Columbia,  is  unique.  Its  natural  flow  is  remark- 
ably constant.  In  times  of  so  called  floods  it  rises  only  a 
few  inches,  because,  for  a  considerable  part  of  its  course  It 
flows  through  a  region  of  lava  and  loose  volcanic  material 
which  act  as  a  huge  sponge.  The  headwaters  of  the  river 
afford  such  large  and  well  distributed  reservoir  sites  that 
the  total  flow  of  the  river  may  be  utilized  both  for  irrigation 
and  for  power.  The  irrigable  lands  in  the  valley  aggregate 
300.000  to  500.000  acres.  Below  this  area  the  river  flows  in  a 
deep  Caflon  having  a  fair  slope  and  affording  excellent  op- 
portunities for  power  development.  A  reliable  water  supply  is 
assured  by  the  return  waters  from  the  irrigated  areas  above, 
a  large  part  of  the  water  seeping  back  into  the  channel,  and 
by  the  lower  tributaries  of  the  river.  The  United  States 
Geological  Survey  has  just  issued  a  comprehensive  report  dis- 
cussing the  river's  possibilities.  The  investigations  of  power 
resources  indicate  that  after  allowing  for  irrigation,  a  total 
of  eOO.OOO  hp.  may  be  developed.  A  copy  of  the  report,  which 
is  published  as  Water-Supply  Paper  344,  may  be  obtained  free 
on  application  to  the  Director.  United  States  Geological  Sur- 
vey.   Washington,    D.    C. 
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J  U  .S  T  J  E  S  T  S.  JABS,  J  ( i  S  H  E  S  A  X  D  J  l'  M  B  L  E  S 


This  week  we'll  just  jest, 
the  way  down  the  column. 
Uncle   Billy! 

Fifteen  thousand  en 
eral  Electric  Co.  are  i 
week  we.  3  all  they  we 


and  josh  with  Prosperity,  all 
e   a    few   jumbles   with   your 


yees  of  the  Lj-nn  w 
working  full  time 
getting:,     Prosperitj 


■ks  of  the  Gen- 
Three  days  a 
on  the  job. 


Herd  times  and  trouble?  Not  when  75,000  cheerful  idiot« 
can  warm  up  to  a  football  match  on  a  cold  fall  day. 

1  Football  —  3  Highballs  +  Enthusiasm  =  75,000  Happy 
Souls. 

And  old  Prosperity  went  down  in  his  jeans  for  iti 


Despite  the  inroads  of  the  typewriter,  the  fountain-pen  in- 
dustry has  trebled  in  these  United  States  in  ten  years.  Pros- 
perity's pen  is  mightier  than  the  typewriter.  Proof?  Give  a 
glimpse  at  the   "Correspondence"   pages  this  week. 


Perhaps  your  employer  will  be  far  more  prosperous  when 
.vou  are  able  to  advise  him  in  any  contemplated  purchase  .if 
new  equipment.  Even  now  he  may  be  waiting  for  you  to 
come  forward  and  go  to  it.  Other  engineers  have  been  well 
repaid  for  this  welcome  service:  why  not  you,  son? 


There  is  a  Prosperity  movement  on  foot  to  make  the  1915 
wheat  crop  a  record-breaker.  Bullyl  Here's  hoping  that  our 
factories  and  shops,  our  power  plants  and  our  business  houses 
execute  a  similar  foot  movement  and  bust  a"  few  records. 
And — oh.  let  it  be  soonl  '■' 

A  Vermont  lad  S9  years  young  has,  in  the  exuberance  of 
his  youth,  given  up  smoking.  Having  had  that  habit  for  the 
past  70  years,  he's  turned  over  a  new  (tobacco)  leaf.  It  any 
of  you  S9-year-old  engineers  think  this  habit  stands  in  the 
way  of  old  man  Prosperity  getting  you,  give  it  up.  We're 
going   to — when   we're   S9. 

Why  are  the  operating  engineers,  the  boiler  manufacturers, 
the  American  Society  of  Mechanical  Engineers  working  on  a 
standard  type  of  boiler  if  not  for  their  mutual  Prosperity? 


The  time  is  near  at  hand  when  the  retardation  and  stagna- 
tion of  our  waterpower  resources  will  give  way  to  healthy 
development;  when  the  public  lands  will  go  to  bona  fide 
homeseekers;  when  our  waters  will  be  used  for  navigation, 
irrigation  and  power:  when  timber  will  be  cut  to  build  homes, 
schoolhouses  and  power  plants — and  then  old  man  Prosperity 
will   be   chucking  you   and   1   under   our  chins! 


To  cite  a  few  instances,  why  have  we  recently  built  a 
centrifugal  pump  with  a  capacity  of  100  million  gallons  per 
24  hr. ;  a  twin-tandem  compound  geared  reversing  engine 
developing  23,000  hp. :  a  boiler  ca-rying  a  load  of  11,000  kw. 
per  hour;  a  jet  condenser  condensing  150.000  lb  of  steam 
per    hour:   a    10,000-hi).    turbine    weighing   a    million    pounds? 


Because  the  wonder  of  yesterday  is  but  a  commoni)lace  to- 
day; because  big  business  necessitates  big  developments — be- 
cause Mister  Prosperity  needs  'cm  in  his  business  in  order  to 
live  up  to  his  name! 


Hut,  shucks!  we  won't  pro.^r'er,  too,  unless  we  pi-o*l  our- 
selves into  something  like  activity — and  keep  a-prodding! 
When  the  good  things  come  our  way  we've  got  to  be  prepared 
to  grab  'em  by  the  coattalls  and  swarm  up  Into  the  band 
wagon  at  the  head  of  the  parade.  Let's  help  make  the  dust, 
and  not  straggle  along  at  the  tall-end  of  the  procession  and 
be  compelled  to  swallow  It.  You're  hep,  ain't  you?  Sure! 
Then — 


This  new  controller  has  three  principal  parts,  the  bulb, 
the  controller  proper  and  the  diaphragm  valve.  The  bnlb 
may  be  made  of  brass,  copper  or  steel,  depending  upon 
the  chemical  action  of  the  liquids  or  vapors  with  whicli 
it  comes  in  contact.  Its  size  and  shape  may  be  made  to 
fit  the  requirements  of  the  apparatus  or  room  the  tem- 
perature of  which  is  to  be  controlled. 

The  bulb  is  filled  either  with  liquid,  gas  or  liquid  and 
vaiior.  The  pressure  in  the  bulb,  clue  to  the  change  in 
the  temperature  surrounding  it,  is  transmitted  to  the  in- 
terior of  the  controller  case  through  a  capillary  tube  pro- 


ly  for  Prosperity! 


FoxBOKo  Tejiperatuke  Regulator 

tccti'cl  by  a  tlcxiliic  tubing,  as  shown  in  the  illiKtrntion. 
The  (apiliary  tubing  inside  the  case  is  connected  to  a 
hermetically  sealed  helical  spring;  therefore,  the  pressure 
in  the  bulb  is  transmitted  to  the  spring  and  gives  motion 
to  it. 

'I'hrough  pi'(>|)cr  connections,  tlie  helical  sjjriiig  operates 
a  small  valve  contained  in  a  part  of  the  casting  projecting 
through  the  top  of  the  controller  (•a.'^c.  The  motion  of  the 
spring  actuates  this  valve  and  allows  the  pressure  or 
vacuum,  depending  upon  which  system  is  u.'^ed,  to  enter 
tiie  piping  at  the  left  of  the  controller,  this  ))iping  being 
connected  to  tlic  diapliragm  valve. 

The  diaphragin-controlii'd  valve  is  in.^ertcd  in  the  !ii])e 
line  supplying  heat  to  the  device  the  temperature  of 
wiiich  is  l)eing  controlled  and  is  opened  or  closed  by  the 
action  of  the  diaphragms.  The  number  of  diaphragms 
de)K'iKls  u])on  the  pressure  against  whicli  the  valve  oper- 
ates. Where  iiressures  are  over  a  few  pounds  the  valve 
is  l)aianced,  therefore  the  number  of  diapiiragnis  does  not 
i)ecoiue  e.xcessivo.     Tiie  dia])liragm   vahc  has  no  rnlibcr 
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parts  as  it  is  made  of  metal;  it  may  be  had  in  sizes  up 
to  12  in. 

The  small  gage  at  the  right  of  the  controller  indicates 
the  amount  of  pressure  or  vacuum  maintained  by  the  sup- 
ply system:  the  gage  on  the  left  indicates  when  and  how 


much  pressure  or  vacuum  is  used  to  operate  the  dia- 
phragm valve.  The  working  parts  inside  the  controller 
case  are  few  and  simple. 

The  recorder  is  manufactured  by  the   Industrial  In- 
^^trument  Co.,  Poxboro,  ilass. 


limslow^  IHIlElhi°Firess^ire  Boiler 


SYNOPSL'^ — A  new  high-pressure  boiler  of  the  wet-tube 
type  designed  to  operate  at  pressures  up  to  600  lb.  and 
oOO  deg.  of  superheat.  Virtually  it  is  a  water-tube  boiler, 
without  drums,  made  up  of  removable  sections  consisting 
of  a  number  of  small  tubes  welded  into  headers.  Due  to 
small  storage  of  energy  and  the  small  tubes,  the  boiler  has 
a  large  margin  of  safety.  Advantages  claimed  are  concen- 
tration and  a  higher  overall  efficiency  for  the  power  plant. 

m 

For  over  four  years  the  Winslow  Safety  High  Pres- 
sure Boiler  Co.,  Chicago,  111.,  has  been  experimenting  on 
a  high-pressure  boiler  with  the  original  intention  of  ap- 
plying it  to  automobile  truck  and  tractor  service  and  later 


that  pressures  up  to  2000  lb.  can  be  safely  generated,  but 
600  lb.  is  about  the  limit  for  the  lubricants  and  materials 
of  construction  available  for  the  prime  mover.  This  is 
the  highest  pressure  the  company  intends  to  use  for 
power-plant  service.  As  there  are  no  large  drums  and 
only  small  storage  of  energy,  there  need  be  no  apprehen- 
sions about  the  safety  of  the  boiler.  The  rupture  of  a 
small  tube  should  not  prove  serious,  and  this  is  about  all 
that  could  happen  in  the  present  design. 

CoxsTRUcxroy  OP  BOILEU 

Referring  to  Fig.  1,  one  of  the  elements  is  shown  in 
jwsition,  the  others  being  in  line  behind  it.     The  form  of 


=      i  fisrcuri) 


Connection  io 
muddrum 

F1&.4- 


FiG.  1.  Vertical  Sectiox  through  Wixslow  Boiler.      Fig.  2.  Lower  End  of  Bear  Section  Header  and 
Mud  Pipe.     Fig.  3.  Showing  Provision  Made  for  High  Superheat.        Fig.  4.  Water-Level  Indicator 


to  any  field  requiring  steam  at  high  pressure.  Essentially 
it  is  a  water-tube  boiler  without  the  drums,  made  up  of  a 
iiumber  of  individual  elements  each  consisting  of  a  bank 
of  tubes  welded  into  headers.  The  elements  are  arranged 
vertically,  and  as  many  as  are  needed  to  make  up  the 
capacitv'  are  placed  side  by  side  over  the  boiler  furnace. 
At  the  top  each  element  connects  with  a  common  steam 
header  and  at  the  bottom  with  a  mud  pipe  and  a  tap  from 
the  feed-water  supply    ( Fig.  1 ) . 

Due  to  the  relatively  small  tubes  employed,  it  is  claimed 


the  section  and  its  connection  to  the  steam  header  A. 
mud  pipe  B  and  the  feed  pipe  C  will  be  apparent.  It  will 
be  noticed  that  the  tubes  are  inclined,  the  front  ends  being 
higher  than  the  rear,  and  proceeding  upward  the  inclina- 
tion gradually  decreases  until  the  top  tube  is  practically 
horizontal.  All  of  the  tubes  are  slightly  bent,  so  that 
they  may  expand  considerably  under  heat  without  warp- 
ing out  of  line.  Each  section  carries  a  baiBe  D  made  of 
cast  iron  or  steel  channels  filled  with  plastic  refractory 
material.    The  baffles  of  each  section  come  in  contact  and 
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tliose  on  the  outside  touch  the  walls  of  the  setting,  so  that 
a  complete  baffle  wall  is  formed,  forcing  the  gases  to  pass 
up  over  the  front  of  the  tubes  and  down  at  tlie  rear. 

From  the  iipper  end  of  each  rear  section  header  a  steel 
tube  leads  to  the  steam  header.  This  tube  is  iiiade  up  in 
two  parts,  one  welded  to  each  header  and  both  connected 
to  each  other  by  a  special  joint.  The  lower  end  of  the 
rear  section  header  is  connected  to  the  mud  pipe  as  in- 
dicated in  Fig.  2,  and  opposite  the  two  lower  tubes  bronze 
plugs  give  access  for  inspection  or  cleaning.  A  tap  for 
the  feed  pipe  near  the  bottom  of  the  rear  header  is  the 
third  connection  for  each  section.  These  three  joints  are 
the  only  ones  which  are  not  welded,  and  as  they  are  lo- 
cated in  the  last  pass  for  the  gases,  the  temperature  to 
which  they  are  exposed  is  comparatively  low.  The  joints 
are  accessible  and  made  with  metal-to-metal  contact.  By 
breaking  these  three  joints  a  section  can  be  removed  for 
cleaning  or  repairs,  and  the  boiler  can  be  maintained  in 
operation  without  serious  inconvenience.  The  handles  E 
are  provided  to  facilitate  removal.  In  putting  the  sec- 
tions back  in  place  the  forward  movement  is  restricted  by 
the  joint  at  the  mud  pipe  and  the  angle  F  against  which 
the  top  of  the  rear  header  comes  in  contact. 

Between  the  front  headers  and  the  wall  of  the  setting 
a  small  flue  space  G  has  been  provided  to  lead  part  of 
the  hot  gases  from  the  furnace  to  the  top  tubes  of 
each  section.  This  flue  is  proportioned  to  give  the  neces- 
sary higher  temperatures  to  the  upper  tubes  for  drying 
and  superheating  the  steam.  Where  high  superheat  is 
desired  the  upper  tubes  are  made  longer  and  the  super- 
heating zone  is  detached  from  the  zone  of  water  circula- 
tion, as  shown  in  Fig.  3.  After  passing  over  the  super- 
heating tubes  the  gases  unite  with  the  main  stream  at  the 
top  of  the  baffle  and  pass  downward  on  their  way  to  the 
stack  over  the  coldest  part  of  the  heating  surface.  Tims 
the  functions  of  a  boiler,  superheater  and  economizer  are 
combined  in  one  unit. 

Due  to  the  high  pressures  and  temperatures,  a  special 
v/ater-level  indicator  is  used.  It  consists  of  a  steel  tube 
surrounded  by  a  steel  jacket,  the  intervening  space  being 
filled  with  mercury.  As  shown  in  Fig.  4,  a  glass  tube  is 
fitted  into  the  top  of  the  jacket,  to  show  the  level  of  the 
mercury.  That  part  of  the  mercury  surrounding  steam 
will  absorb  more  heat  than  the  part  exposed  to  the  water. 
From  the  average  temperature  resulting,  the  mercury  will 
rise  to  a  certain  point  and  thus  definitely  indicate  the 
water  level.  The  mercury  will  be  high  for  low  water,  and 
vice  versa.  There  will  be  a  certain  lag  in  the  indication, 
due  to  the  increment  of  time  necessary  to  transfer  the 
heat  through  the  metal  wall,  but  this  is  negligible,  as  a 
wide  range  in  water  level  i.s  permissible  without  decreas- 
ing the  safety  or  the  economy  of  the  boiler.  When  .super- 
heated steam  is  generated  a  thermometer,  usually  of  the 
i\\;\\  form,  is  used  as  an  additional  indicator  of  tlic  water 
< Mintents  of  the  boiler. 

Action  ok  the  Boileu 

Reference  to  Fig.  5  will  make  clear  the  action  of  the 
boiler.  The  arrows  show  the  path  of  the  gases,  and  the 
circulation  is  indicated  by  the  different  symbols.  From 
the  lower  tubes  the  water  naturally  flows  toward  tiie  front 
header,  rising  in  the  latter  and  returning  through  the 
iip|>or  tubes.  The  nearer  the  to]),  the  less  the  water,  until 
H  paration  is  practically  complete  aTid  only  steam  is  pres- 
irit  in  the  uppermost  tubes.    The  hot  gases  from  the  fur- 


nace through  the  front  Ijypass  dry  this  steam  and  super- 
heat it  to  a  certain  degree.  As  previously  mentioned,  spe- 
cial provision  is  made  for  higher  superheat.  Due  to  the 
rapid  circulation  from  front  to  rear,  much  of  the  sus- 
pended matter  settles  in  the  mud  pipe  and  is  removed 
through  the  l)lowoff. 

Cleaning 

To  clean  the  tubes  inside  and  out  it  is  proposed  to  re- 
move the  sections  and  perform  the  work  outside  of  the 
boiler.  When  scale  has  formed  in  any  of  the  tubes  the 
usual  process  of  removal  consists  of  mechanical  loosening 
with  a  copper  or  pneumatic  hammer.     The  scale  is  then 
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washed  out  by  inserting  in  the  front  header  a  small  tube 
with  an  outlet  near  the  end,  so  that  the  water  can  dis- 
charge into  the  boiler  tubes.  Scale  has  also  been 
loosened  by  means  of  a  small  wood  iire.  With  the  section 
empty  the  metal  expands  faster  than  the  scale  and  the 
latter  is  freed  from  the  surface.  Any  repairs  to  the  sec- 
tion can  be  made  at  the  same  time,  but  the  use  of  a  stand- 
ard welding  outfit  is  required. 

Experimental  Boiler 

A  small  boiler  has  been  used  for  some  time  on  an  auto- 
nioliilo  owned  by  the  company  and  has  given  excellent 
satisfaction.  .\  power  boiler  has  also  been  set  up  in  the 
boiler  room,  and  during  the  past  year  has  been  operated 
at  frequent  intervals.  It  is  rated  at  60  hp.  and  contains 
18  sections  4  ft.  long  and  about  5  ft.  high.  Each  section 
lias  thirty-six  li/i-in-  tubes,  having  0.flf).'5-in.  walls,  welded 
into  2-in.  headers.  The  total  heating  surface  is  817  sq.ft., 
or  11  sq.ft.  per  horsepower  of  rating.  Ordinary  flat  grates 
having  a  surface  of  IG  s(|.ft.  are  employed.  The  ratio  of 
heating  to  grate  surface  is  thus  5.3  to  1. 

The  furnace  or  bottom  part  of  the  setting  is  8  ft.  3  in. 
long  and  5  ft.  71/2  '"•  wide,  making  a  total  of  46.4  sq.ft. 
of  floor  space  occupied,  or  0.77  sq.ft.  per  horsepower  of 
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rating.  The  upper  part  of  the  setting  is  4  ft.  2  in.  wide. 
6  ft.  11/2  in.  long  and  the  height  from  the  floor  to  the 
top  of  the  setting  is  11  ft.  Front  and  side  views  of  the 
boiler  are  shown  in  Fig.  6.  At  the  back  the  large  doors 
giving  access  to  the  sections  will  be  noticed,  and  at  the 
front  and  side  of  the  setting  the  numerous  inspection 
doors. 


snres  of  from  3.50  to  400  lb.,  and  enough  superheat  to  pre- 
Acnt  initial  condensation,  probably  about  100  deg.  On  en- 
gines of  small  power  operating  on  a  vacuum  of  27  in.  a 
rate  of  from  11  to  12  lb.  per  indicated  horsepower-hour  is 
expected,  and  noncondensing,  a  water  consumption  below 
]  7  11).  Tn  larger  units  operating  with  high  superheat  and 
vacuum,  water  rates  close  to  8  lb.  per  indicated  horse- 
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In  this  boiler,  which  was  built  for  demonstration  ])ur- 
poses,  pressures  up  to  500  lb.  have  been  carried  and  in  the 
sections  a  superheat  of  283  deg.  has  been  obtained.  Work- 
ing under  average  conditions  at  350  lb.  and  200  deg. 
superheat,  the  boiler  easily  evaporates  8  lb.  of  water  per 
pound  of  Pocahontas  coal.  The  efficiency  is,  of  course, 
largely  a  matter  of  furnace  design. 

With  the  sections  filled,  the  boiler  will  hold  1080 
lb.  of  water,  and  when  three-quarters  full,  the  nor- 
mal condition,  810  lb.  During  the  evaporation  test  re- 
ferred to,  1900  lb.  of  steam  per  hour  was  drawn  from  the 
boiler.  Dividing  by  847,  the  total  heating  and  superheat- 
ing surface  gives  an  evaporation  of  2.24  lb.  per  sq.ft.  of 
surface.  Other  tests  were  conducted  to  demonstrate  the 
control  over  the  boiler.  Drawing  steam  at  the  above  rate 
and  with  the  fire  burning  briskly,  the  steam  outlet  was 
suddenly  closed,  the  furnace  door  opened,  and  the  result 
was  an  increase  in  pressure  of  from  10  to  15  lb.  As  a 
matter  of  fact,  with  so  large  a  factor  of  safety,  the  safety 
valve  would  be  set  considerably  above  the  working  pres- 
sure and  prevent  undue  waste  of  steam.  " 

Arrangements  have  already  been  made  to  build  engines 
and  boilers  for  portable  machinery  and  entrance  into  the 
power-plant  field  is  anticipated.  The  engines  are  to  be  of 
the  single-acting,  unaflow  type  designed  under  the  super- 
vision of  Prof.  Stumpf.     They  will  be  operated  at  pres- 


power-hour  have  been  reported  for  the  unaflow  engine. 
The  foregoing  mentioned  combination  then  has  possibil- 
ities worth  investigating. 


On  Nov.  Ifi,  at  a  meeting  of  the  Western  Society  of  Engi- 
neers held  in  the  interests  of  the  Hydraulic,  Sanitary  and 
Municipal  Section,  J.  W.  Link,  hydraulic  engineer  of  H.  M. 
Byllesby  &  Co.,  read  a  paper  on  "The  Coon  Rapids  Low-Head 
Hydro-Electric    Development   on   the   Mississippi   River." 

This  plant  is  equipped  with  five  2100-hp.,  single-runner 
waterwheels  operating  on  an  average  head .  of  17.5  ft.,  and 
eventually  it  will  have  two  more  units  of  the  same  size.  From 
Government  stream-flow  data  for  the  years  1905  to  1913  inclu- 
sive, an  annual  average  of  64,000.000  kw.-hr.  may  be  expected 
from  the  seven  units  and  52,000,000  kw.-hr.  from  the  five 
units  installed.  It  is  intended  to  use  the  water  up  to  the 
full  capacity  of  the  equipment  and.  in  connection  with  other 
water  and  steam  plants  under  Byllesby  control,  to  supply  the 
demands  of  Minneapolis  and  St.  Paul. 

Mr.  Link  dwelt  particularly  on  the  interesting  features  of 
the  construction  work  under  the  general  heads  of  Hydrology, 
Borings,  General  Layout  of  Plant,  Construction  Camp,  Found- 
ations and  Forms.  Numerous  lantern  slides  were  shown,  and 
of  these  the  views  showing  methods  of  bracing  and  the  large 
scroll  case  forms  were  of  particular  interest.  A  brief  sum- 
mary of  the  hydraulic  and  electrical  equipment  concluded  the 
pape~.  As  part  of  it  supplements  the  article  which  appeared 
in   "Power,"   June   30,    1914.   it   is   given   in   the   following: 

The  generating  units  are  of  the  vertical  type,  each  con 
sisting  of  an  Allis-Chalmers  single-runner  Francis  turbine 
directly   connected   to  a  General   Electric  alternator  and   fitted 


December  8,  1914 


P  0  W  E  E 


827 


with  a  roller  thrust  bearing  and  an  oil  pressure  governor. 
The  turbine  runner,  having  a  mean  diameter  of  S  ft.  6%  in. 
and  a  diameter  over  the  discharge  ring  of  12  ft.  8  in.,  is  set  in 
a  concrete  scroll  case  with  cast-iron  pit  rings.  The  wheel 
gates,  which  control  openings  .54  in.  high  by  13  in.  wide,  are 
of  the  swivel  type'  with  exterior  operating  ring  and  links. 
The  rotating  element  of  the  machine  is  carried  by  a  roller 
thrust  bearing  which  rests  on  the  upper  spider  of  the  gen- 
erator. The  length  of  the  shaft  from  the  center  of  the  runner 
to  the  top  of  the  roller  bearing  is  21  ft.  6  in.  A  water-lubri- 
cated lignum-vitre  guide  bearing  is  carried  by  the  upper  cover 
plate  of  the  turbine,  and  an  oil-lubricated  guide  bearing  is 
carried  by  the  upper  spider  of  the  generator  Just  below  the 
I'oller  thrust  bearing.  The  shaft  has  a  flanged  coupling  3 
ft.   7  in.  above  the  lo^N-er  guide  bearing. 

The  roller  bearing  and  the  upper  guide  bearing  are  lubri- 
cated by  a  unit  oiling  system.  The  oil  filter,  storage  tank 
and  circulating  pump  are  in  the  wheel  pit.  The  motor-driven 
I'otary  circulating  pump  is  mounted  on  the  oil  tank  and  forces 
the  oil  up  to  the  bearings.  The  return  of  the  oil  to  the  filter 
is  by  gravity.  The  governor  head  and  governor  oil  pump  are 
driven  by  belts  from  a  countershaft,  which  in  turn  is  driven 
1).v  bevel  gears  from  the  turbine  main  shaft. 


The  generator  is  a  1625-kv.-a.,  2300-volt,  62-r.p.m.  three- 
phase,  60-cycle  machine,  the  rotor  of  which  is  17  ft.  4  in.  in 
diameter.  The  maximum  load  on  the  roller  bearing,  due  to 
the  weight  of  the  rotating  parts  and  to  the  downward  thrust 
of  the  water,  is  170,000  lb.  Excitation  of  the  alternators  is 
furnished  by  two  300-kw.,  720-r.p.m.  motor-generator  sets. 
A  flfteen-panel  switchboard  provides  the  means  for  controll- 
ing the  station. 

For  transmission  to  Minneapolis  the  current  is  stepped  up  to 
13,200  volts  by  two  banks  of  1375-kv.-a.,  60-cycle,  single-phase, 
water-cooled  transformers.  The  exciters,  transformers  and 
switchboard  are  located  in  compartments  on  the  downstream 
side  of  the  station  and  at  the  same  elevation  as  the  floor 
of  the  generator  room.  In  a  gallery  over  these  compart- 
ments are  the  oil  switches  and  lightning  arresters.  The  trans- 
mission line  consists  of  two  circuits  of  250,000  circ.mils  solid 
copper  wire,  carried  on  cedar  poles  with  wooden  crossarms. 

In  detail,  construction  and  general  arrangement  the  en- 
tire equipment  is  so  simple,  strong  and  accessible  that  it 
is  confidently  expected  that  the  operating  and  maintenance 
costs  will  be  low.  Arrangements  are  being  made  to  deter- 
mine the  efficiency  of  the  hydraulic  turbines.  High  economy 
is  anticipated. 
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*■  SYNOPSIS — Descrihes  the  saviiif/.t  made  af  ihe  Enslcij, 
Ala.,  steel  irorks  of  the  Tennessee  Coal,  Iron  &  Railroad 
Co.,  bij  ii.sinri  low-pres.'<nre  turbines  for  furnishing  air  for 
blast  purposes. 

In  hardly  any  other  way  has  the  reduction  of  operating 
costs  in  steel  works  been  excelled,  at  least  in  relative  values, 
tlian  by  the  lowering  of  power  costs  and  the  saving  effected 
1  y   displacement   of   labor   made   possible   by   cheaper   power. 

This  had  been  done  by  the  installation  of  gas-engine- 
ilriven  blowing  engines  and  gas-engine-driven  generators, 
motors  on  rolling  mills  to  displace  engines  (which  must 
necessarily  have  had  sufficient  capacity  to  handle  the  maxi- 
mum load,  and  thus  have  been  operating  generally  at  an  un- 
economical load),  together  with  the  elimination  of  their 
attendant  standby  losses;  also  by  the  connecting  of  boiler 
houses  by  steam  lines  to  utilize  excess  furnace  gas  and  allow 
the  shutting  down  of  uneconomical  boilers  and  the  operation 
of  others  at  a  more  economical   load. 

Other  examples  are  the  condensers  on  noncondenslng  units 
g  and  improvements  in  economy  of  existing  units  by  apparatus 
•       of  higher  economy,  such  as  low-   or  mixed-pressure  turbines. 

}  REDUCTION  OF   POWER   COST  AT    ENSLEY 

j  A   striking    example    of   the   possibilities   of   the    last   men- 

<      tloned  plan  is  afforded  by  the  Ensley  plant  of  the  Tennessee 
'■       Coal.   Iron    &    R.R.   Co.      At   the    time    of   its   aciiulsition   by   the 

i  corporation,  this  plant  (consisting  of  six  blast  furnaces?,  11 
open-hearth  furnaces,  a  blooming  mill,  a  rail  mill  and  shops) 
^  had  seven  boiler  .houses  and  two  electric  power  stations,  with 
f  a  total  rated  capacity  of  ISOO  kw.  .\  third  power  station  of 
i)  ISOO  kw.  capacity  had  Just  been  completed.  All  of  the  engines 
i  operated  noncondenslng.  and  no  power  was  supplied  to  t'le 
i  outside  plants.  Additional  electric  power  was  required,  and 
oi  It  was  also  necessary  to  materially  increase  the  blowing 
i.  capacity  at  the  blast  furnaces.  All  of  this  apparatus  having 
'  I  en  operated  noncondenslng,  low-pressure  turbines  were  of 
particular  advantage,  in   that   no  change  in  engine  conditions 

Iwas  needed. 
By  using  low-pressure  turbo-generators  and  low-pressure 
turbo-blowers  with  condensers  and  cooling  towers  at  the 
blast-furnace  blowing-engine  house,  two  holler  plants  have 
been  dism.antled.  another  at  the  local  pumping  station  operates 
only  occasionally,  and  two  more  at  the  steel  plant  are  oper- 
ated only  during  the  time  the  mills  are  rolling,  being  shut 
down   over   .Sunday,   when    the    furnace   boilers  supply   all   the 

I    steam.     All  electric  power  Is  supplied  for  the  operation  of  the 
American   Steel    &   Wire  byproduct   plant   at   Fairfield   and   all 

ft  'Excerpts   from  a   paper  entitled   "The   Use   of  Steam   Tur- 

i    bines  for  Various  Purposes,"   read   at   the  October  meeting  of 
»     the  American  Iron  and  Steel  Institute. 


that  required  to  operate  seven  coal  mines  in  the  neighbor- 
hood of  Ensley,  resulting  in  the  shutting  down  of  several 
boiler  plants  and  a  reduction  in  load  on  others.  Besides,  the 
Birmingham,  Ensley  &  Bessemer  street  railway  is  also  sup- 
plied with  power  for  the  operation  of  25  cars  on  32  miles  of 
single   track. 

This  has  been  accompanied  by  an  increase  of  product  and 
a  reduction  in  coal  consumption.  The  saving  in  coal  with 
the  present  equipment  and  methods  of  operating  over  former 
practice  is  estimated  to  be  at  the  rate  of  200.000  tons  per 
annum. 

LOW-PRESSURE  TURBINES  AT  ENSLEY 

Inasmuch  as  this  is  perhaps  the  largest  equipment  of  low- 
pressure  turbines  in  a  steel  plant  in  the  country,  it  is  appro- 
priate to  briefly  describe  the  equipment  and  discuss  the  re- 
sults obtained. 

In  the  No.  2  power  house,  adjacent  to  the  rail  mill,  are 
three  300-kw..  25-cycle.  three-phase.  6600-volt  generators 
operating  at  1500  r.p.m.,  and  driven  by  mixed-pressure  tur- 
bines supplied  with  exhaust  steam  through  five  regenerators, 
each  S  in.  diameter  by  50  in.  long,  from  two  55x66-in.  twin 
reversing  engines  and  a  52x72-in.  corliss  engine.  Steam  from 
the  pressure  pumps  and  air  compressor  (after  the  feed  water 
heaters  are  supplied)    is   utilized    for  power. 

The  capacity  of  these  regenerators  is  sufficient  to  absorb 
the  extreme  fluctuations  In  steam  delivery.  Under  conditions 
requiring  the  use  of  all  available  low-pressure  steam,  there 
is  no  loss  of  exhaust  steam  at  the  back-pressure  valves  over 
long  periods.  This  is  accomplished  without  raising  the  back 
pressure    on    the    engines    over    .about    four    pounds. 

At  the  No.  1  power  house,  near  the  blast  furnaces,  .are 
three  3000-kw.,  25-cycle,  three-phase,  6G00-voIt  generators 
and  one  corliss  engine  driving  a  2000-kw..  6600-volt  gen- 
erator, the  exhaust  of  these  reciprocating  engines  being  con- 
nected to  a  3000-kw.  mixed-pressure  turbine  similar  to  the 
three  units  in  No.  2  power  bouse,  no  regenerator  being  nec- 
essary on  account  of  the  relatively  steady  load.  These  two 
stations  are  operated  in  parallel  and  the  load  Is  divided  be- 
tween  the   two  according  to  steam   conditions. 

TURBO-BLC)WERS  AT  THE  BLA.ST  FURNACE 
The  turbo-blower  equipment  at  the  blast  furnace  consists 
of  two  mixed-pressure  turbo-blowers,  each  of  55,000  cu.ft. 
per  mln.  capacity,  taking  exhaust  steam  from  16  long  cross- 
head-type  vertical  reciprocating  blowing-engines,  the  air 
tubs  of  which  have  corliss  inlet  and  poppet  discharge  valves, 
and  one  mixed-pressure,  turblne-drlvcn  blower  of  45.000  cu.ft. 
per  mln.  capacity,  taking  steam  from  seven  similar  blowing 
engines.  The  last  mentioned  turbo-blower  was  originally  a 
high-pressure,  turblne-drlvcn   machine. 

STEAM  CONSUMPTION  TESTS 
To  check    the   steam   saved   by  the   use  of  turbo-blowers.   It 
la  necessary   to  know   the  consumption   of  the  original   equip- 
ment.    A  test  was  made  on  five  blowing  engines:  the  principal 
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data  are  given.  The  actual  blast  delivery  was  taken  as  307.5 
cu  ft  per  revolution,  as  shown  by  previous  calculations,  the 
indicated  horsepower,  however,  was  based  on  indicator  dia- 
gram results. 

HEAT     BALANCE     TEST:     STEAM     CONSUMPTION     OF 
BLOWING   ENGINES 

Volume  of 
Blast      Blast  at  307.5 
Pressure      Cu.Ft.  per 
Lb.  Revolution 

10,825 
12,830 
13,3.iO 

lo.sao 

9,1140 


R.p.m. 

Engine  No.  20  35.2 

Engine  No.  22  41.. 

Engine  No.  23  43.4 

Engine  No.  24  ^a.4 

Engine  No.  25  o-.i 


15.S1 
15.81 
11.11 
11.11 
11.11 


57.835 


11.11 
c'254f,! 


23,655 
34,180 
3,473 
8,838,000 
4S),500 

63,000.000 


1,098. 
65,435 
64.4  50 


Total    ISS.O 

Total  cu.ft.   blast   against    

Total   cu.ft.   blast    against    

Indicated   horsepower .•  •  ■  • 

Heat  equivalent  of  work  per  hour,  i.hp. 

Hlat^^Velec'ted  '  above' '  hotwcil" "  'temperature, 

2.000,000  lb.  X    (114.5  —  S3)    ■   aA  kV  ■,:    '  n,\ku,\.'' 

<?tPHm    14'  7-lb     gage    vacuum,    26.51    in.      yuaiity, 

98.T  per    ceni.      Heat    per    pbund    above    hotwell 

temperature  B.t.u •. •  ■  ■  ■  ■ 

Pounds   steam   supplied   to  engines   per   hour 

Drv  steam   supplied   to   engines   per    liour 

Pounds   steam    per   i.hp.    of   stea"l,=y^'"A\''fi8)  •  V 
Blast     per     min.     at     15     lb.     (23,6o5    X    1.U141»>    -|- 

(34.180    X    0.7855)    cu.ft      . ^ -^h' ;^ "' 

Steam   per  100   cu.ft.   at   15   lb.    =    2.09  lb. 

The  steam  consumption  of  2.09  lb.  per  100  cu.ft.  of  blast  at 
15  lb  is  about  3  lb.  condensing,  corresponding  to  a  gross 
saving  of  30  per  cent,  by  these  blowing  engines  being  run 
condensing.  .   oo  r   • 

The  latent  heat  in  one  pound  of  exhaust  steam  at  2b. o  in. 
vacuum  is  1024.4  B.t.u.,  and  as  approximately  957  B.t.u.  per 
lb  of  steam  is  given  to  the  condensing  water,  the  quality  of 
the  engine  exhaust  to  the  condenser  in  the  above  tests  was 
about  93.4  per  cent.  The  use  of  3  lb.  of  steam  per  100  cu.ft. 
of  blast  corresponds  to  27  lb.  steam  per  i.hp.,  this  figure  being 
checked  bv  tests  of  the  steam  plants  in  the  past,  which  give 
an  efficiency  as  compared  to  the  Rankine  cycle  of  54.5  per 
cent.  By  the  use  of  the  MoUier  diagram,  the  quality  of  the 
exhaust  steam  from  these  noncondensing  engines  is  found  fo 
be  about  95  per  cent. 

On  this  basis,  3  lb.  of  dry  steam  delivered  to  the  engines 
per  100  cu.ft.  of  blast  would  furnish  2.85  lb.  dry  exhaust 
steam,   which   in   the   turbo-blower  would  give 


At  the  byproduct  plant  at  Fairfield,  there  are  five  two- 
stage  exhausters,  each  of  9,000,000  cu.ft.  capacity  in  24  hr.. 
driven  by  three-stage,  high-pressure  turbines.  Also  at  this 
plant  there  are  two,  three-stage,  high-pressure  turbo-boosters, 
one  of  24,000,000  and  one  of  28,000,000  cu.ft.  capacity,  one 
operating  at  a  time.  With  the  usual  type  of  apparatus,  a 
much  larger  byproduct  building  and  heavier  foundations 
would  have  been  required.  The  experience  of  nearly  three 
years'  operation  has  justified  the  claim  that  this  type  of  ap- 
paratus has  a  lower  operating  cost  for  labor,  repairs  and 
lubricants,  as  well  as  steam;  and  with  the  exception  of  trou- 
ble with  shaft  packing,  due  to  the  action  of  gas  on  the  metal 
used  originally,  the  installation  has  been  successful  in  every 
way. 

There  is  a  peculiar  advantage  in  the  use  of  turbo-ex- 
hausters in  byproduct  service,  in  that  the  centrifugal  action 
of  the  blower  throws  out  the  small  particles  of  tar  or  tar 
fog  carried  with  the  gas,  greatly  reducing  the  work  required 
of  the  tar  extractors,  which  are  located  between  the  ex- 
hausters and  the  saturators.  Three  per  cent,  of  the  total  tar 
production  of  the  plant  is  recovered  from  the  drains  on  the 
turbo-exhausters. 
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of   blast;    both    engines'   and    blower   delivered    against    15-lb. 
blast  pressure. 

SAVING  FROM  USE  OF  TURBO-BLOWERS 
With  blowing  engines  operating  noncondensing,  as  was 
formerly  the  case  at  Ensley,  a  30  per  cent,  saving  in  steam 
was  made  by  condensing;  by  operating  the  same  engines  non- 
condensing  and  utilizing  the  exhaust  steam  in  low-pressure 
turbo-blowers,  a  gross  saving  over  original  noncondensing 
conditions  of  about  93  per  cent,  was  made,  thus  making  the 
saving  by  the  installation  of  turbo-blowers  over  condensing 
operation  about  4S  per  cent.  Local  conditions  requiring  the 
use  of  cooling  towers  modify  these  figures  somewhat,  although 
the  relative  saving  is  not  greatly  different. 

In  summer,  when  the  test  was  made,  water  from  the  cool- 
ing towers  had  a  temperature  of  95  deg.,  so  that  it  was  hardly 
possible  to  materially  improve  the  vacuum  of  26.64  in.^  With 
28-in.  vacuum,  which  it  is  possible  to  maintain  with  75  deg. 
injection  water  available  during  the  winter,  the  steam  con- 
sumption of  the  low-pressure  turbine  would  be  improved  at 
least  16  per  cent.,  reducing  the  steam  per  100  cu.ft.  blast  to 
2.65  lb.  This  means  that  from  the  exhaust  steam  of  the  re- 
ciprocating, noncondensing  blowing  engines  used  in  turbo- 
blowers exhau.sting  into  condensers  at  28-in.  vacuum,  the  ac- 
tual blast  delivery  of  these  engines  would  be  increased  113  per 
cent.  For  an  average  vacuum  of  27.3  in.,  the  actual  blast  de- 
livery is  practically  double  that  of  the  noncondensing  engines. 
In  other  words,  from  the  steam  used  to  blow  three  blast  fur- 
naces with  high-pressure,  noncondensing  engines,  three  ad- 
ditional furnaces  are  blown  by  means  of  low-pressure  turbo- 
blowers. 

The  term  "blast  unit,"  which  is  the  blowing  of  1,606.140 
cu.ft.  of  blast  against  15  lb.  pressure,  has  been  used  as  a  unit 
of  delivered  power  of  blowing  engines,  and  is  the  equivalent 
of  the  generation  of  1000  kw.-hr.  At  Ensley,  the  cost  per  blast 
unit  is  $2.50  and  is  equivalent  to  a  steam  cost  of  one-quarter 
of  a  cent  per  kilowatt-liour. 

USE  OF  TURBINES  IN  BYPRODUCT  WORKS 
The  operation  of  turbo-blowers  and  exhausters  in  byprod- 
uct work  is  a   comparatively   recent   service.     The   Tennessee 
company   was   the    first   to   install    them    in   this   country,  and 
probably  the   first  anywhere   to   use   them   exclusively. 
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The  refrigeration  research  committee  of  the  Institution  of 
Mechanical  Engineers,  England,  made  its  report  at  the  Oc- 
tober meeting,  an  abstract  of  wliich  follows: 

The  most  important  part  of  the  report  is  that  which  relates 
to  the  standard  that  should  be  used  for  the  practical  rating 
of  refrigerating  machines  as  a  means  of  expressing  the 
amount  of  refrigerating  effect  which  the  machine  is  capable 
of  producing  under  specified  conditions.  For  the  purpose  of 
practical  rating,  engineers  are  concerned  not  directly  with 
the  limit  of  temperature  of  the  working  substance,  but  with 
tlie  temperatures  external  to  the  machine  between  which  the 
heat  is  pumped.  In  the  normal  case  of  a  machine  working 
under  steady  conditions  to  keep  brine  cold  by  extracting  heat 
from  it  and  discharging  the  heat  to  cooler  water,  the  tem- 
peratures to  be  considered  for  the  purpose  of  rating  are  four, 
the  upper  and  lower  temperatures  of  the  brine  and  the  upper 
and   lower   temperatures   of   the   cooling   water. 

For  rating  purposes,  definite  values  have  to  be  assigned 
to  these  four  temperatures.  The  following  are  considered  to 
l3e    suitable    for    adoption    as    standard   values: 

For  brine,  upper  limit,  0  deg.  C,  32  deg.  F.  Lower  limit, 
minus  5  deg.  C,  23   deg.   F. 

For  cooling  water,  upper  limit,  20  deg.  C,  68  deg.  F.  Lower 
limit,  15  deg.  C,   59  deg.   F. 

In  specifying  the  standard  conditions,  the  range  through 
which  the  brine  is  cooled  (5  deg.  C.)  has  been  made  somewhat 
wider  than  usual,  with  the  object  of  facilitating  the  accurate 
measurement  of  refrigerating  effect  in  tests  made  for  the 
purpose  of  rating.  Relative  to  the  method  of  specifying  the 
amount  of  heat  extracted  per  unit  of  time,  the  committee  has 
considered  the  practice  occasionally  resorted  to  of  using  a 
unit  based  on  the  making  of  ice  from  water  at  0  deg.  C.  or  at 
some  arbitrarily  chosen  temperature.  It  is  of  the  opinion 
that  the  objections  to  such  a  method  of  rating  are  so  serious 
that  it  cannot  recommend  it.  Any  rating  on  an  ice-making 
basis  is  likely  to  be  confused  with  the  actual  output  of  a 
machine  employed  in  the  manufacture  of  ice,  which  may  be 
very  different.  The  committee  arrived  at  the  conclusion  that 
the"  most  simple  and  unambiguous  form  of  statement  would 
be  to  express  the  cooling  effect  of  a  machine  in  calories  per 
second,  the  calorie  being  the  amount  of  heat  required  to 
change  the  temperature  of  1  kg.  of  water  by  1  deg.  C.  One 
calorie  is 

2.2046    X   Vs    =    3.9683   B.t.u. 
One  calorie  per  second  is  therefore  equivalent  to 

3.9683  X  60  X  60  X  24 
or  about  342,862  B.t.u.  per  day;  288,000  B.t.u.  per  day  as  a 
unit  of  refrigerating  effect  is  recognized  in  the  United  States, 
and  it  has  been  suggested  that  322,000  B.t.u.  be  used  as  a 
British  standard.  It  will  be  seen  therefore  that  the  calorie 
per  second  is  a  unit  of  much  the  same  order  of  magnitude, 
only   slightly   larger.  ^   *   +>, 

The  committee  accordingly  recommended:  First,  that  tne 
refrigeration  produced  by  a  refrigerating  machine  be  ex- 
pressed in  calories  per  second.  This  unit  is  equivalent  to 
342,862  B.t.u.  per  day  of  24  hours.  Second,  that  the  refrig- 
eration may  be  stated  for  particular  conditions  or  for  stand- 
ard conditions.  Third,  that  the  standard  conditions  be  de- 
fined as  follows:  The  temperature  limits  to  be  steady;  the 
temperature  of  the  cooling  water  to  range  from  15  deg.  C 
(59  deg.  F.)  at  inlet  to  20  deg.  C.  (68  deg.  F.)  at  outlet,  and 
the  temperature  of  the  brine  to  range  from  0  deg.  C.   (32  deg. 
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F.)  to  — 5  deg.  C.  (23  degr.  F.).  Fourth,  that  the  refrigeration 
produced  under  standard  conditions  be  called  the  rated 
rapacity  of  the  machine. 

In  cases  of  cooling  by  direct  expansion  without  the  use 
of  brine,  the  same  method  of  rating  will  apply  except  that 
the  condition  has  to  be  modified  Dy  specifying  for  the  lower 
limit  of  temperature  that  of  the  working  substance  itself. 
It    is   considered  that   a   temperature  of  • — 10   deg.    C.    (14   deg. 


the  standard  cycle.  Similarly,  the  coefficient  of  actual  per- 
formance Ca  is  found  by  dividing  the  refrigerating  effect 
actually  produced  by  the  work  expended  in  driving  the  com- 
pressor in  the  real  performance  of  the  machine.  The  ratio 
Ca 

is  a  fraction  which  shows  how  nearly  the  real  perform- 
ance approaches  the  standard  idea,  therefore  this  ratio  may 
be  called  a  relative  efficiency. 


B.T.U.     CALORIE  EQUIVALENTS  FOR  DIFFERENT  UNITS  OF  TIME 
B.t.u.  per  Sec.   B.t.u.  per  Min.    B.t.u.  per  Hr.    B.t.u.  per  Day    Cal.  per  Sec.     Cal.  per  ilin.       Cal.  per  Hr.       CaL  per  Day 

B.t.u.  perscc 1                          60                          3600  86,400                  0.25199.58         15.1197480         907.18488          21,772  43712 

B.t.u.  per  min  .                                           0  01667                1                              60  1,440                  0  0419993           0  25199.58           15.119748             362  873952 

B.t.u.  per  hr 0  000278             0.1667                      1  24                   0  00069999         0  0419993             0  2519958                6  0478992 

B.t.u.  per  day.  .                                           0  00001151         0.0000695               0.04167  1                   0  0002916           0  0017499             0  1049922               0  2519958 

Cal.  per  sec 3  96832           238.0992            14,285.952  342,862  848          1                          60                        3600                       86  400 

Cal.  per  min 0.066105             3.96832                238.0992  571.438          0.01667                1                            60                         1440 

Cal.  per  hr 0  0011023           0.066138                  3.96832  95.2397        0.000278             0  1667                    1                            '24 

Cal.perday 0.0000459           0.0660960               0.165240  3.96832      0.00001151         0.0000695             0  04167                    1 

1  calorie  =  3.96832  1  B.t.u.   =  0.2519958 

F. )    as    a    lower    limit    for    the    working    substance    will    har-  The    coefficient   of   actual    performance   is   found   by  direct 

monize   with   the   conditions   which   have   to   be  laid   down   for  measurement    of   the    refrigerating    effect    produced   In   actual 

machines  using  brin?,  and    this  figure  will   also   be  in    accord-  working  and  of  the  work  expended.      The  work  may  be  reck- 

ance   with   the    standards   of  the  temperatures   adopted   by   the  oned   either  as  the  indicated   work   done   ;n   the  compressor   or 

Association    Francaise   du   Froid.      The    commi.tee  accordingly  as  the  total  work  required  to  drive  it.     As  the  indicated  work 

recommends     that     in    the     rating    of    a     direct-expansion    re-  is   materially   less,   it   is  important  in   all  statements  of  actual 

frigerating    machine,    the    temperature    of    the    vapor    in    the  performance  that  one  states  clearly  which  of  the  two  methods 

evaporator    be    taken    at    — 10    deg.    C,    and    that    the    condi-  of  reckoning  is  employed. 

tions    as    regards    cooling    water    be    the    same    as    those    laid  .^. 
dcwn    for  machines    using   brine. 

The    accompanying    table    gives    the    calorie    equivalent    of  jP ^ini'=/^Bia©E'IlCSiini      Sd©E1itll^© 

the    B.t.u.    for    time    periods    varying    from    1    sec.    to    1    day.  -=^                ^ 

It    will    be    found    useful    in    calculating    the    capacities    of    re-  ^«'©E1ig2°©SS 

frigerating     machines     on     the     basis     recommended     by     the  _.       .,,    .      ,    „ 

committee  United    States,    through    its    Department    of   State,    has 

The  theoretical  performance  in  a  vapor  compression  ma-  \"^'"<^.'J  =^'1  '^e  governments  of  this  hemisphere  to  a  Pan- 
chine  using  any  assigned  working  substance  assumes  adia-  1""'''''".  Scientific  Congress  to  be  held  in  the  City  of 
batie  compre.s.sion  to  take  place  between  constant  pressure  Washington  in  October,  1915.  This  is  the  second  congress, 
limits  of  suction  and  discharge.  These  two  pressures  must  'gQ^,  ^^'  °"^  having  been  held  in  Santiago.  Chile.  Dec.  5, 
be    known,    also    the    temperature    to    which    the    working   fluid  '    \.' 

may    be    cooled    before    passing    the    expansion    valve.      With  •^"''5'"J    ^''°"'    ^''^    previous    congress,    this    one    will    pre- 

these    three    data    there    will    be    for    anv    working    substance  ^^mably  have  departments  of  Pure  and  Applied  Mathematics, 

some   particular  degree   of   dryness— i.e.,   some    particular  pro-  Physical    and    Chemical    Sciences:    another    group    of    Anthro- 

portion    of    vapor   to    liquid    at    the    beginning    of    compression  PO'"*^'"-   Ethnology,   Zoology   and    Botany,  Geology   and   related 

which  with   adiabatic  action   will    theoretically   be   best   in    the  subjects:  on  Engineering:  on  Medical  Science  and  Hygiene:  on 

sense    of    giving    the    maximum    coefficient    of    performance    in  "'''   Juridical    Sciences,    and    then    possibly   something   on    His- 

the    ideal   cycle.      When   the   degree   of   dryness   at   the    begin-  J^';'"^''    International    Law.    Pedagogy.    Agronomy   and    Zootech- 

ning  of  compression   is  determined,  the  teinperature  of  super-  *!* 

heating  reached  at  the  end  of  compression  follow.s.  The  ^"^  Department  of  State  has  invited  the  five  national 
essential  data  therefore  for  determining  the  ideal  cycle  are  the  engineering  societies,  civil,  mining,  electrical,  naval  archi- 
suction  and  discharge  pressures,  and  the  temperature  before  't'"'^  mechanical  engineers  to  assist  in  the  preparation 
the  expansion  valve,  if  the  cycle  is  specified  as  that  which,  °'  ^^^  P'-o^'-am  on  Engineering.  This  assistance  should  be 
with  those  temperatures  assigned,  will  give  the  highest  co-  """''^  comprehensive  than  simply  preparing  a  technical  pro- 
efficient  of  performance  in  adiabatic  action.  Further,  in  order  ^''''"''-  "  '^''°"'''  '"(-luae  the  suggestions  of  the  authors,  the 
to  secure  the  highest  ideal  efficiency,  the  working  substance  suggestion  of  the  names  of  the  biggest  men  in  the  engineer- 
should  be  cooled  before  passing  the  expansion  valve  to  .1  '"^  "<='<'  '"  "'^  different  countries,  and  then  urge  directly  or 
temperature  as  nearly  as  possible  equal  to  that  of  the  supplv  ""'"-ectly.  through  our  various  affiliations,  technically,  com- 
of  cooling  water.  It  is  therefore  proposed  in  all  cases  to  ■"ercially  and  diplomatically,  the  appointment  by  the  various 
take  the  temperature  at  which  cooling  water  is  supplied  as  SO^ernments  of  these  men  cf  affairs  as  delegates  co  the  con- 
the  temperature  to  which  the  working  substance  is  supposed  S^""^^-^'  *''"^"'  ='"'"'  B*'"'"^  them  here,  it  should  be  seen  that 
to  be  cooled  before  passing  the  expansion  valve  in  calculating  adequate  reception  is  provided  by  the  industrial  concerns  of 
the   ideal   cycle   of  comparison.  America,    whether   leading    to   the    cultural    relations    between 

It  is  accordingly  recommended  that  the  ideal  cycle  to  be  *"f  <^'>""^"^^  °f  >-'<"-<'i-  So»th  and  Central  America,  the  de- 
adopted  as  a  standard  for  comparison  with  actual  perform-  velopment  of  mutual  confidence,  or,  from  the  American  point 
ances  be  the  most  efficient  cycle  employing  adiabatic  com-  °^  '"'."••  ^^^  development  of  the  confidence  of  the  other  coun- 
pression  In  which  the  pressure  of  suction  and  condensation  """^^  '"  °"'"  "ia""faetured  products,  so  that  when  these  dele- 
are  the  same  as  those  that  occur  In  the  actual  process  of  «J'^^  return,  the  commerce  in  our  products  could  be  reason- 
working,  and  In  which  the  substance  is  cooled  before  passing  ='*"/  /"Pf*:'"'-  ^This  feature  is  mentioned  with  bluntness 
the  expansion  valve  to  a  temperature  equal  to  that  at  which  ''"<'  frankness  because  there  is  nothing  undignified  in  the 
in  the  actual  process  the  cooling  water  is  supplied.  The  Parallel  program  outlined  of 
pressures  should  be  measured  Just  after  and  Just  before  the  '!^'  „^,,''^  congress,  and 
substance  passes  through  the  expansion   valve.  <''>   T^  incidental   visits  to  the   industries. 

This   last   recommendation   is   required    to  make  the  condi-  °"   the   contrary,   we   would    gain    not   only   in   the   attend- 

tlons  for  compression  definite  in  cases  where  there  is  any  sub-  ''""   °"    '^e   one,   but   in   the   benefits   of   the   other  by   openly 

stantl.al  drop  In  pressure  between  the  compressor  delivery  and  <^n>'a"<=">S  the  attractiveness  of  the  progr.-im  of  the  technical 

the    expansion    valve,    or    between    the   lower    side    of   the   ex-  ^""^^fess  by  the  practical  features  of  the   industrial   business, 

pansion    valve   and    the    compressor   Intake.      In    some    refrlg-  I'^>"-ther   by  showing  exactly  what  we  have  in  m  nd,  we  ought 

erating  machines,  the  action  Is  compound  in  that  compression  *°  ^'''  '".t  active  inter,  st  of  the  men   of  affairs  in  this  nation 

occurs  m   two   stages,   with    cooling   of   the  substance   between  '"    ajnatter    that    has    been    dragging    alo.g    for    four    or    five 

the   two,   or   the   expansion   by   throttling   takes   place    in   two  >t'ars. 

stages   with   n,   return    of   part  of   the   substance    to   the    com-  '^' 

pressor  after  the   first  stage.  ProcniitioiiN    Whrn    llent    In   Appllrd   Tti    AiiiimoiiIji    DruiiiH — 

The  committee  does  not  consider  It   necessary  or  advisable  Engineers    who    have    the    habit    of    pouring    hot    water    over 

to   complicate   the   use   of  a   standard   cycle   of  comparison   by  the   ammonia   shipping   drums   to   facilitate   charging   the   am- 

(•peclfylng   ideal   cycles   special   to   such   operation.      It    thinks  moni.i   into   the   system    and    those    who    have   a   steam    Jet    to 

It  better  that  any  actual  machine  employing  such  a  compound  impinge   against    the    drum,   or   wrap    cloth    .around    the   drum 

process  for  getting  an  augmented  efficiency  should   still  have  and   stick   the   end   of   the   steam   hose   under   the   cloth   should 

Us  performance  compared  with  that  ol  the  Ideal  machine  using  avoid    closing    the    valve   on    the    pipe    connection    between    the 

the  standard  cycle.     The  coefficient  of  Ideal  performance  C  is  shipping  drum  and   the  charging  pipe   while   the   drum   Is   hoi 

found  by  dividing  the  heat  taken  In  by  the  work  expended  In  or  the  drum  will   probably  explode. 
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BOOSTS    DECEIVED 


^TF^M  PO'\;VER  PLANTS — Bv  Charles  L.  Hubbard.  McGraw- 
kill  Book  Co..  New  York.  Cloth;  299  pages,  6x9  in.;  1S3 
illustrations;   tables.      Price,    $2.50. 

HE\TING  AND  VENTILATING  PLANTS — By  Charles  L.  Hub- 
"bard  McGraw-Hill  Book  Co.,  New  York.  Cloth;  308 
pages,   6x9   in.;   207   illustrations;   tables.     Price,   $2.50. 


HEW    FUBILECATSOHS 


OIL    FUEL    FOR    STEAM    BOILERS.       By    Rufus    T.    Strohm. 

Published     bv    McGraw-Hill    Book    Co.,    New    York,     1914. 

Size  4^4x7  inches;  139  pages;  illustrated.  Price  $1. 
This  little  book  forms  one  of  the  "Power  Handbook  Series" 
and  is  a  practical  discussion  of  the  essentials  of  oil-fuel 
practice  a»  applied  to  stationary  steam  boilers.  The  subject 
is  handled  under  the  following  divisions:  Properties  oi"  Oil 
Fuel.  Requirements  for  Efficient  Burning,  Methods  of  Spray- 
ing. Burners,  Cleaning  of  Oil  Fuel,  Pumping  and  Heating, 
Oil-Burning  Furnaces.  Installation  of  Burners.  Storage  of  Oil; 
Management  of  Oil-Burning  Plants.  Purchase  of  Oil,  and  Ad- 
vantages and  Disadvantages  of  Oil  Fuel.  While  the  results  of 
a  few  tests  are  given,  the  number  might  have  been  increased 
and  thus  given  the  book  more  value  as  a  work  of  reference. 

ELECTRIC    MOTORS.       Bv    Francis    B.    Crocker    and     Morton 
Arendt.     Second   Edition.     Published  by  D.  Van  Nostrand 
Co.,  New  York,   1914:     Size  6x9  in.;   300  pages;  illustrated. 
Price,    $2.50. 
As  a  reference  book  on  the  characteristics  and  applications 
of   electric    motors    of    various    types,    it    has    few    equals.      No 
attempt    has    been    made    to   go    into    questions    of   design,    the 
treatment    being    essentially    from    the    operating    standpoint. 
Nevertheless,    it    is    not    in   any    sense    an    elementary    treatise, 
and,  although  theory  has  been  subordinated  to  practical  con- 
siderations,   the    book    will    find    its   greatest   field   among    stu- 
dents,   electrica'    engineers    and   operating   engineers   who   al- 
ready possess  a  grounding  in  electricity. 

MARINE  BOILER  MANAGEMENT  AND  CONSTRUCTION.    By 
C.  E.  Stromeyer,  M.  Inst.  C.  E.,  Fourth  Edition.  Longmans, 
Green    &    Co.,    London.    New    York,    Bombay    and    Calcutta; 
1914;    6x9;    410    pages;    illustrated;    cloth;    $4    net. 
One  could  hardly  have  a  better  training  for  an  appointed 
test    than    has    Mr.    Stromeyer    for    the    production    of    a    book 
upon    boilers.      To   an   adequate    technical    training,    signalized 
by    a    membership    in    the    council    of    the    National    Physical 
Laboratory  at  Kew,  he  adds  years  of  service  as  engineer  sur- 
veyor   to   Lloyd's    Register,    which    probably    accounts    for    the 
"Marine"   in  the  title,  and  more  recently  has  been  chief  engi- 
neer of  the  Manchester  Steam  Users'  Association  for  the  Pre- 
vention of  Boiler  Explosions. 

The  work  was  issued  originally  in  1S93,  the  present  being 
its  fourth  edition.  Notwithstanding  the  title,  it  is  not  ex- 
clusively nor  even  principally  of  value  to  marine  engineers. 
After  the  first  chapter.  Boiler  Management,  is  finished,  the 
builder  and  user  of  stationary  boilers  will  find  as  much  of 
value  in  his  field  as  will  the  marine  engineer  in  his  own  line. 
The  present  edition  has  been  revised  to  take  account  of  recent 
experimental  researches,  among  which  may  be  mentioned 
those  of  Stefan  and  Bolzmann  upon  radiation,  which  seem  to 
txplain  why  the  high-temperature  flames  which  are  associ- 
ated with  perfect  combustion  lead  to  furnace  troubles;  Nichol- 
son's experiments  on  the  influence  of  the  speed  of  gas  on  its 
heat  transmission;  Coker's  optical  measurements  of  strain, 
and  the  author's  own  experiments  on  the  fatigue  of  metals,  on 
brittleness  caused  by  the  presence  of  nitrogen  in  steel,  on 
water-hammer  in  steam  pipes,  and  the  exhaustive  experi- 
ments of  Heyn  and  Bauer  on  corrosion.  The  rules  of  Lloyd's 
Register  and  the  Board  of  Trade,  together  with  tables  based 
thereon,  are  given  in  extenso  in  the  concluding  chapters. 

LESSONS  IN  JIECIIANICS  FOR  MARINE  ENGINEERS  AND 
ENGINEERING  STUDENTS — By  A.  N.  Somerscales.  late 
lecturer  in  Steam,  Mechanics  and  Mechanical  Engineering 
at  the  Hull  Young  People's  Institute.  Published  by  James 
Munro  &  Co.,  Ltd.,  Glasgow,  Scotland;  T).  Van  Nostrand 
Co.,  25  Park  Place.  New  York.  Size,  4%x7%  in.;  pages, 
272;    cloth    binding;    illustrated.      Price,    §1.50. 

Like  many  another  textbook,  this  one  grew  out  of  a  series 
of  lessons  prepared  for  a  certain  class  of  students  for  whom 
there  seems  to  be  no  appropriate  work  already  published. 
The  lessons  were  originally  for  the  evening  classes  of  stud- 
ents at  the  Hull  Young  People's  Institute  and  were  an  attempt 
to  teach  the  groundwork  of  applied  mechanics  without  using 


any  mathematics  beyond  arithmetic.  It  was  with  a  similar 
purpose  in  view  that  "Power's"  Engineering  Study  Course  in 
Elementary  Mechanics  was  written.  It  is  interesting  to  com- 
pare the  two  for  this  reason,  but  this  is  not  the  purpose 
of  the  present  review.  The  book  would,  however,  appeal  to 
those  who  followed  our  course  and  might  prove  a  beneficial 
means  of  further  grounding  the  study  of  the  elements  of 
the  subject. 

In  this  book,  to  take  the  place  of  algebraic  and  trigono- 
metrical demonstrations  of  the  principles,  simple  experiments 
are  described.  The  examples  and  exercises  were  selected 
especially  for  marine  engineers,  but  the  treatment  is  such 
as  to   interest  engineers  of  all   kinds. 

COMPRESSED  AIR  PRACTICE — By  Frank  Richards.  Pub- 
lished bv  McGraw-Hill  Book  Co.,  New  York.  Size,  6x9  in.; 
326  pages;  96  illustrations.     Cloth.     Price,  $3. 

Only  a  small  proportion  of  the  material  of  the  author's 
book  "Compressed  Air."  which  made  its  appearance  about 
fifteen  years  ago,  is  to  be  recognized  in  the  present  volume 
and  with  an  improvement  in  the  method  of  treatment.  Defini- 
tions and  general  information  on  the  properties  of  air  and 
an  explanation  of  the  compressed  air  problem  are  given  in 
a  manner  that  will  be  appreciated  by  those  who  know  little 
about  the  subject  or  who  may  have  despaired  of  gaining 
knowledge  from  authors  who  have  too  frequently  appeared 
to  regard  the  subject  as  an  arena  for  the  display  of  mathe- 
matics. 

The  author's  treatment  is  confined  to  simple  arithmetical 
and  algebraical  methods  of  computation,  the  work  being 
intended  "for  those  who  know  little  about  air  rather  than 
for  those  who  mostly  know  all  that  is  known,"  and  "those 
who  need  more  accurate  and  detailed  information  for  prac- 
tical guidance  may  perhaps  derive  some  liints  of  how  it 
may  be  obtained." 

Tables  and  diagrams  are  given  for  computations  of  com- 
pressed air  and  separate  chapters  are  devoted  to  the  use  of 
the  indicator,  single-stage,  two-stage  and  three-stage  com- 
pression, and  on  the  various  methods  of  compressing  air; 
also  on  power  cost,  power  from  compressed  air,  the  air  lift 
and  other  methods  of  employing  compressed  air  for  raising 
water  and  on  the  leading  practical  applications,  the  last 
chapter  being  devoted  to  liquid  air  and  the  separation  of 
oxygen   from    the   atmosphere. 

The  illustrations  are  good,  and  although  the  work  treats 
of  latest  improvements  in  machinery  for  compressing  air, 
it   is  exceptionally   free   from   catalog  literature. 

TECHNICAL  MECHANICS.  By  Edward  R.  Maurer,  professor 
of  mechanics  in  the  University  of  "O'isconsin.  6x9  in.,  363 
pages.      Price,    $2.50.      Published   by   Wiley    &   Sons. 

This  book  is  Intended  to  illustrate  only  those  principles  of 
mechanics  applicable  to  engineering  problems,  without  giving 
an  excess  of  detail  relative  to  the  construction  of  the  machine 
or  mechanism  itself.  The  work  is  divided  into  two  parts — 
Statics,  consisting  of  six  chapters,  and  Dynamics,  which  com- 
prises the  latter  part  of  the  book.  This  arrangement  is  to  be 
commended,  as  the  subject  of  statics  is  simpler  and  further 
because  the  mind  of  the  average  student  grasps  the  idea  of 
rest  more  readily   than   that  of  motion. 

An  exceptionally  good  feature  is  the  collection  of  problems 
placed  at  the  end  of  the  text;  in  fact,  throughout  the  work 
the  principles  are  clearly  illustrated  by  practical  examples, 
demonstrating  the  fact  that  fundamental  principles  can  only 
be  grasped  by  the  analysis  and  solution  of  many  problems. 
The  subject  of  statics  is  so  presented  that  the  more  important 
parts  may  be  mastered  by  anyone  with  a  fair  knowledge  of 
trigonometry. 

In  the  first  chapter  the  author  goes  into  considerable  detail 
to  explain  the  composition  and  resolution  of  forces.  The  next 
chapter  gives  the  general  conditions  of  equilibrium  for  all  pos- 
sible combinations  of  forces,  and  in  the  following  chapter 
these  principles  are  applied  to  the  various  forms  of  roof 
trusses  and  cranes  so  as  to  give  an  excellent  opportunity  for 
introducing  graphical  statics. 

Unless  the  student  is  well  up  in  his  mathematics,  he  may 
find  that  part  of  the  work  dealing  with  dynamics  considerably 
more  difficult.  The  chapter  on  work,  power  and  energy  con- 
tains practical  information  relative  to  train  resistance,  draw- 
bar pull,  cylinder  effort  and  other  items  relating  to  the  motion 
of   trains. 

The  book  is  the  result  of  the  author's  experience  for  a 
number  of  years  in  the  use  of  the  former  edition,  and  should, 
therefore,  eliminate  many  of  the  objections  usually  found  with 
works  on  mechanics,  and  it  should  prove  of  great  help,  both 
as  a  text  and  as  a  reference  book. 

Bad  Effects  of  Leaks  In  Steam  Mains — Leaks  in  steam 
mains  may  short  circuit  the  electrical  connections.  They  also 
cause    doors   to   swell    and    damage    the    adjoining   woodwork. 
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?troit''s   M^imicipal   Og'Ihiliinig'    Pfeimil 


By  THOiiAS  Wilson 


SYNOPSIS — Beginning  in  a  small  way  in  1895,  the 
plant  now  has  a  capacity  of  HMO  hi:  to  supply  all  light- 
ing for  streets,  parks  and  public  buildings.  Last  year  the 
output  was  15,677,255  kw.-hr.  and  the  operating  cost 
OMlc. 

A  decidedly  successful  municipal  station  is  the  public 
lighting  plant  of  Detroit.  In  operation  nearly  20  years, 
each  annual  report  has  shown  a  reduction  in  the  cost  per 
unit  output  and  in  the  annual  charge  per  lamp  for  current 
and  attendance.  The  plant  and  line  equipment  have  been 
kept  in  good  repair  and  additions  to  the  generating  ca- 
pacity have  been  made  as  the  increasing  load  required. 


lighting  plant  were  put  in  service  in  April,  1895,  and  the 
lighting  of  the  city  by  the  municipal  plant  began  Oct.  1 
of  the  same  year. 

The  cost  per  lamp  for  operation  and  maintenance — 
not  including  fixed  charges  such  as  interest,  depreciation, 
etc.,  for  the  year  ending  June  30,  1896,  was  $68.52.  The 
same  cost  for  the  year  ending  June  30,  1914,  was  $25.21. 
The  greater  part  of  this  reduction  has  been  made  possible 
by  the  substitution  of  modern  and  more  efficient  apparatus 
for  the  equipment  originally  installed.  As  shown  in  Table 
1,  it  has  been  gradually  effected  from  year  to  year,  show- 
ing that  efforts  in  this  direction  were  unremitting. 

The  plant  was  built  for  a  capacity  of  2000  arc  lamps. 


Fig.  1.  Gexeratixg  Eoom  of  the  Public  Lighting  Plant 


Later  types  of  prime  mover  and  generator  replaced  the 
older  units  imtil  now  the  load  is  carried  by  horizontal 
reaction  turbo-generators  at  an  operating  cost  of  0.64c. 
per  kw.-hr. 

It  may  not  be  generally  known  that  Detroit  was  one 
of  the  first  cities  to  adopt  the  electric  arc  lamp  for 
street  lighting.  The  first  contract  was  madj  in  1883  for 
22  arc  lamps,  at  50c.  per  lamp  per  night,  operated  on  a 
moonlight  schedule.  The  next  year,  in  1884,  a  contract 
was  made  for  300  arc  lamps  on  an  all-night  schedule. 
The  contract  price  was  $95,000  for  the  year,  or  $316.67 
per  lamp.  Following  contracts  somewhat  reduced  the 
rate,'  but  the  lowest  was  $132.41  for  each  lamp  for  the 
year.  This  was  found  to  be  higher  than  was  paid  in  many 
other  cities.  For  this  reason,  and  because  the  service  was 
unsatisfactory,  the  citizens  of  Detroit  decided  to  build 
a  municipal  plant.    The  first  lamps  operated  from  a  public 


TABLE  1 
Fiscal  year  ending 

June    30. 
1896     $68.52 


Five  marine-tjT)e  engines  belted  to  twenty  50-kw.  arc 
djTiamos  and  three  57y2-kw.  direct-connected  arc  dATiamos 
furnished  the  electrical  energj^    This  equipment  practical- 

ANNUAL  COST  PER  ARC  LAMP 
Fiscal   vear  ending 
June   30, 

1906  $33.18 

1907  33.25 

1908  34.65 

1909  32.17 

1910  30.34 

1911  29.93 

1912  27.10 

1913  25.49 

1914  25.21 

ly  filled  all  the  available  floor  space  in  the  engine  room. 
Toda}-,  with  an  extension  of  only  16  ft.  to  the  engine  room, 
the  generating  capacity  consists  of  two  600-kw.,  two 
2000-kw.  and  one  6250-kw.  units.  The  two  600-kw.  gen- 
erators are  connected  to  reciprocating  engines,  one  of  the 
WiUans  three-line,  triple-expansion  tj'pe  and  the  other  a 


1897  

64.19 

1898  . 

51.85 

1899  

46.46 

1900  

40.30 

1901  

42.59 

1902  . 

39.45 

1903  

41.03 

1904  

40.16 

1905  

34.99 

December  15,  1914 
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triple-expansion,  marine-type  engine.  The  two  2000-kw. 
generators  are  driven  by  horizontal  reaction  turbines 
served  by  barometric  condensers,  each  having  a  capacity 
to  condense  50,000  lb.  of  steam  per  hour.  These  ma- 
chines have  been  carrying  the  bulk  of  the  load,  which  has 
now  reached  the  limit  of  their  capacity.  For  protection 
against  shutdown  another  imit  was  badly  needed,  and  a 
substantial  increase  in  the  number  of  arcs  for  the  coming 
year  made  additional  generating  capacity  imperative.  A 
new  turbine  unit,  of  the  senii-double-fiow  type  and  rated 
at  6350  kw.  at  70  per  cent,  power  factor,  has  just  been  in- 
stalled. It  will  be  served  by  a  surface  condenser  having 
8000  sq.ft.  of  cooling  surface,  or  1.28  sq.ft.  per  kilo- 
watt of  generator  rating.  With  steam  at  160  lb.  gage 
and  100  deg.  of  superheat  and  cooling  water  at  40  deg., 
the  guaranteed  steam  consumption  per  kilowatt-hour  is 
13.15  lb.;  with  70  deg.  water  the  rate  increases  to  13.9  lb. 
In  the  boiler  room  the  old  300-hp.  boilers  with  hand- 
fired  furnaces  are  being  gradually  replaced  by  larger  boil- 
ers with  modern  stokers.  There  are  now  five  400-hp. 
water-tube  boilers  and  five  300-hp.  boilers.  Three  of  the 
smaller  capacity  have  just  been  removed  and  within  the 
year  they  will  be  replaced  by  three  larger  boilers.     The 


of  14,143  B.t.u.  per  lb.,  is  oh  the  basis  of  $2.25  per  ton, 
delivered  on  the  siding  of  the  plant. 

Al)out  as  good  a  showing  has  been  made  in  reduction 
of  costs  in  other  directions.  The  trimming  of  the  Brush 
are  lamps,  which  in  1898  cost  $16.54  per  lamp,  per  year, 
for  carbons,  globes  and  labor,  was  reduced  to  $3.98  per 

T.\BLE  2— COMPARATIVE  AMOUNT  OF  COAL,  CONSUMED 
Tear    ending    June,    30,    1914      1913      1912      1911      1910      1909 

•a 

03  feS       feK       is       SK       feffi       ix 

U »  a '.        o. '.        a ',        & '.        a '.        a  >. 

.Do  .Q  ^  .Q  ^  .D  ^  .Q  ^  .Q  ^  .D  ^ 

ju         Sm     5m     jm     Sm     Sui     Sm 

July    3,257,054  3.50  3.59  3.88  4.40  5.19  4.64 

Aug:ust     3,377,501  3.29  3.30  3.60  4.10  4. 98  4.61 

September     .  .  3,637,994  3.12  3.45  3.43  3.90  4.72  4.63 

October    4,817,727  3.36  3.33  3.27  3.92  4.39  5.30 

November   ...  5,511,982  3.60  3.88  3.26  3.49  4.23  4.32 

December    ...  6,070,874  3.65  3.63  3.24  3.49  4.22  4.53 

January 5,492,912  3.26  3.43  3.49  3.25  4.31  4.70 

February    ...  4,894,079  3.47  3.61  3.64  3.50  4.47  4.90 

March 5,067,349  3.55  3.27  3.42  3.38  4.63  5.07 

April 4,438,862  3.58  3.52  3.20  3.51  4.91  5.19 

May    3,889,917  3.38  3.53  3.42  3.76  4.93  5.10 

June    3,325,194  3.29  3.55  3.29  4.07  4.74  5.22 

Totals     ...53,781,445        3.42        3.51        3.43        3.68        4.59       4.84 

lamp  when  series  alternating-current  arcs  replaced  the 
Brush  lamps  ;  it  was  again  reduced  to  an  average  of  about 
$2.06  per  lamp  per  year  for  the  4-amp.  luminous  arcs. 


Fio.  2.  Genek.vi,  Plan  of  the  Station 


present  capacity  then  is  3500  boiler  liorsepower.  The  new 
units  will  add  1200  hp.,  giving  a  ratio  of  1  boiler  horse- 
power to  2.43  kw.  of  generating  capacity.  A  coal  conveyor 
raising  the  fuel  to  overhead  bunkers  has  been  in  operation 
for  about  two  years. 

These  improvements  in  the  boiler  and  engine  rooms  can 
be  checked  from  one  year  to  another  by  tlie  rc(hution  in 
consumption  of  coal  per  unit  output.  In  1908  the  coal 
liurncd  per  kilowatt-liour  averaged  5.23  lb.;  last  year's 
records  show  3.42  lb.  per  unit,  a  reduction  of  more  than 
34  per  cent.  Table  2  gives  the  average  monthly  fig- 
ures for  the  last  si.x  months.  During  this  time  the  grade 
of  coal  used  has  been  appro-ximately  tiie  same.  All  coal  is 
purchased  on  a  penalty  basis.  This  year's  contract  for 
West  Virginia  nut,  pea  and  slack,  on  a  contract  guarantee 


wiiich  are  grachially  rcphu-ing  tlie  series  alternating-cur- 
rent lamps.  Of  the  latter  there  are  only  23.37  in  operation, 
and  the.se  are  in  tlie  outlying  districts  of  the  city. 

At  present  7376  arc  lamps  are  in  service  and  about  1500 
more  will  be  added  during  the  year.  Tlie  time  of  liglit- 
ing  for  the  year  ending  June  30,  1914,  totaled  3917  hr.  10 
min.,  and  the  average  per  night  was  10  hr.  42  miu.  The 
average  number  of  arcs  operated  during  the  year  was 
6684.  The  lamp-hours  ,«cliedulcd  were  27,101,524  and 
the  lamp-hours  out,  due  largely  to  line,  lamp  and  station 
troubles,  were  50,494,  a  ratio  of  only  0.18  of  1  per  cent. 

In  addition  to  the  arc  lighting,  service  is  supplied  to 
more  than  200  public  buildings,  including  school  house.s, 
fire-department  engine  hou.ses,  police  stations,  libraries, 
piil)lic  parks,  etc.     This  also  includes  service  for  a  con- 
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nected  load  of  142T  lip.  in  motors  and  more  than  :{0,000 
iiuandesceut  lamps. 

Last  year  the  output  was  15,677,255  kw.-hr.,  divided 
between  arcs  and  incandescents,  as  sho\\Ti   in  Table  3 ; 

TABLE  3— COMPARATIVE  KILOWATT-HOUR  OUTPUT 
(Twelve  months  to  June  30,  1914) 

Arc  Incandescent  Total 

July    759,041  171,434  930,475 

August 856,499  170,481  1,026,980 

September    962,138  205.797  1,167,935 

October    1,127,833  304,932  1,432,765 

November   1,219,437  313,113  1,532,550 

December    1,327,618  335,272  1.662,890 

January 1,325,199  360,501  1,685,700 

February    1.113,313  296,587  1,409,900 

March     1,117,665  309,375  1,427,040 

April     986,070  255,360  1,241,430 

May    920,976  228,934  1,149,910 

June     827,210  182,470  1.009,680 

Totals 12,542,999  3,134,256  15,677,255 

under  the  latter  heading  motors  are  included.  Tlie  cost 
of  operating  the  plant  is  given  in  detail  in  Table  4  for  the 
year  ending  June  30,  1914,  and  the  totals  for  four  years. 
The  total  operating  expense  is  divided  under  tlie  various 
heads  of  maintenance,  executive,  station,  lighting  and 
some  miscellaneous  items.  The  division  referring  to  the 
station  operating  expense  is  naturally  of  the  greatest  in- 
terest, as  these  data  are  directly  comparable  with  statis- 
tics from  any  type  of  generating  plant.  The  fuel  co.'^t 
per  unit  of  output  forms  a  good  basis  on  which  to  judge 
the  economy  of  the  plant.  In  the  present  instance  a 
charge  of  0.393c.  per  kw.-hr.  may  be  considered  excel- 
lent. The  wages  add  0.232c.,  supplies  0.013c.  and  oils 
0.003c.  A  total  operating  expense  of  0.641c.  per  kw.-hr. 
compares  favorably  with  the  best  of  privately  owned 
plants,  and  this  good  showing  was  made  during  a  period 
of  reconstruction.  With  the  large  unit  carrying  the  load 
and  being  supplied  with  steam  from  tlic  boilers  equipped 
with  stokers,  a  reduction  in  the  operating  expense  may  be 
expected. 

Adding  the  other  items  to  the  operating  expense  gives 
a  total  of  1.45c.  per  kw.-hr.  A  comparison  with  other 
years  shows  that  there  has  been  a  gradual  reduction,  ex- 
cept that  the  unit  cost  for  1913  is  just  a  shade  lower  than 
for  the  present  year. 

From  the  inauguration  of  the  plant  up  to  June  30, 
1914,  $2,847,567.80  has  been  expended  for  the  building 
and  site  and  the  plant  equipment,  substations  and  line: 
The  amounts  charged  off  for  depreciation,  etc.,  lower  this 
to  $2,102,984.30.  In  round  numbers  the  value  of  the  sta- 
tion proper  is  $767,000,  or  $67  per  kw.  of  rated  generating 
capacity.  This  includes  the  building  and  the  site  but  no 
part  of  the  equipment  of  the  line  or  the  substations. 

To  make  the  generating  cost  comparable  with  other 
plants,  it  would  then  be  necessary  to  add  to  the  operating 
expense  of  0.641c.,  given  in  Table  4,  a  12  per  cent,  charge 
on  the  investment  to  cover  interest,  depreciation,  insur- 
ance and  taxes.  The  cit)%  of  course,  does  not  pay  taxes  on 
its  own  property  and  other  plants  do.  On  $767,000,  a 
yearly  charge  of  12  per  cent,  amounts  to  $92,040,  and  di- 
viding by  the  output,  the  total  reduces  to  0.58c.  per  lav.- 
hr.  Adding  the  operating  and  fixed  charges,  the  total 
cost  per  kilowatt-hour  is  1.22c. 

The  plant  is  favorably  located  on  the  river  bank,  about 
half-way  between  the  east  and  west  liiuits  of  the  city. 
Coal  and  carload  lots  of  supplies  are  delivered  directly 
into  the  station  yard  over  a  spur  track. 

All  electrical  energy  is  generated  at  2300  volts,  two- 
))hase.  For  outlying  districts  tliis  voltage  is  raised  to 
5500  and  6600  volts  and  distributed  to  five  substations 


(about  3y2  miles  from  the  main  station),  from  which  the 
several  arc  circuits  for  the  respective  districts  are  car- 
ried. 

The  wages  of  the  help  are  about  the  same  as  those  paid 
by   Detroit   private   corporations   for   the   same    service. 

TABLE     4— COST    OF    OPERATING    PLANT,     FISCAL    YEAR 
ENDING  JUNE  30,   1914 


Output   this   year   en 
Output   last   year   en 

Maintenance — . 
Buildings,           track, 

dock,     etc 

Steam    plant     

Electric    plant     .... 
Miscellaneous     tools 

and  machinery    .  . 

aing  June 
ling  June 

Wages 

$1,830.05 
4,306.23 
1,753.49 

894.82 
909.20 

2,934.30 

5,563.75 

19,093.88 

30,   1914... 
30,    1913... 

Stores 

$3,079.90 

3,490.99 

947.39 

1,770.61 
527.42 

524.23 

2,667.88 
10,216.19 

15,677,255 
13,787,975 

Total 

$4,909.95 
7,797.22 
2,700.88 

2,665.43 
1,436.62 

3,458.53 

8,231.63 
29,310.07 

kw.-hr. 
kw.-hr. 

Cost  per 
Kw.-Hr. 

Towers     and      lamp 

Arc       lamps       and 

switches     

Lines    and     cables.  . 

Total  maintenance 

Executive — . 

Salary      secretary 
and  city  electrician 

Printing     and      sta- 
tionery    

537,285.72 

$.S. 000.00 

"3,'205.57 
6,123.86 

5,671.65 

$23,224.61 

$1,006.15 

71.10 

381.12 

83.40 

$60,510.33 

$8,000.00 

1,006.15 
3,276.67 
6,504.98 

5,755.05 

$0.00385 

Office  expense    

Superintendent     and 
.Irafting 

Total     executive.. 

Station — 
Oils    

$23,001.08 
$36,44'8'.!i6 

$1,541.77 

$424.42 

34.07 

61,614.72 

1,982.28 

$24,542.85 

$424.42 

34.07 

61,614.72 

1,982.28 
36,448.50 

$0.00157 
$0.00003 

Waste   

Coal 

Miscellaneous      sup- 
plies   

0.00000 
0.90393 

0.00013 

Total   station    

Lighting- 
Trimming     and     pa- 
trolling     

$36,448.50 
$18,228.45 

958.24 

■5'9V.44 
152.43 

$64,055.49 

$313.82 
7,705.13 
1,848.10 

3,945.73 

576.33 
2,530.74 

95.23 
93.53 
31.52 

$100,503.99 

$18,542.27 
7,705.12 

1,848.10 

3,945.73 

1,534.57 
2,530.74 

95.23 
692.97 
183.95 

$0.00641 

llectitier  tubes 

Incandescent      lamp 

Incandescant     light- 
ing expense    

Globes  

Miscellaneous      sup- 

Belle  Isle  Park 

Palmer  Park    

Total   lighting    .  .  . 

Shop  supplies 

Surgeon  and  hospital 
Relief  fund   

$19,938.56 

'  $ 33 0.93 
3,757.52 

$17,140.12 

$24.90 

582.05 

$37,078.68 

$24.90 

912.98 

3,757.52 

$0.00237 

$0.00000 
0.00006 
0.00024 

Total         operating 

$120,762.31 

$108,036.66 

102,080.00 

99,396.37 

91.022.46 

$106,568.94 

$30,479.77 
85.732.96 
80,171.52 
80.238.65 

$227,331.25 

$198,516.43 
187,813.05 
179,567.89 
171.261.11 

$0.01450 

12    months    to    June 
30,  1913 

$0.01440 

12    months    to    June 
30.  1912 

12    months    to    June 
30,  1911 

12    months    to   June 
30.  1910 

0.01538 
0.01686 
0.01710 

The  working  day  is  eight  hours.  Every  year  ten  days'  va- 
cation with  pay  is  given  to  each  employee.  In  case  of  in- 
jury while  on  dutj',  all  expenses  for  medical  attendance 
are  paid  by  the  commission,  and  full  pay  is  given  to 
the  injured  employee  during  the  time  that  he  is  inca- 
pacitated. That  conditions  are  agreeable  to  the  work- 
men is  proved  by  the  fact  that  in  every  department  there 
are  employees  who  helped  in  the  construction  and  first 
year's  operation  of  the  plant. 

That  the  municipal  plant  of  Detroit  is  a  success  is  due 
to  the  ability  of  Frank  E.  Misterskv',  general  superinten- 
dent, and  to  the  caliber  of  the  men  who  have  served  as 
public  lighting  commissioners.  Some  of  Detroit's  most 
eminent  citizens  have  considered  it  an  honor  to  be  able 
to  serve  the  city  and  have  given  liberally  of  their  valuable 
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No.       Equipment 
4  Boilers 


Kind 

Double  deck 
tubular 

Down-draft . . . 

Vertical  water- 
tube 

Detroit 

Vertical  water- 
tube 

Underfeed ... 


PRINCIPAL  EQUIPMENT  OF  DETROIT  PUBLIC  LIGHTING  PLANT 

Size  Use  Operating  Conditions  Maker 

300  hp Generate  steam 100  lb.  pressure,  hand  fired Sharkey  &  Peck 

46  sq.ft Serving  Peck  boilers Hawley  Down  Draft  Furnace  Co- 


3  Superheaters. 
1  Coal  conveyor 
1  Track  scales. . 

1   Pump 

1  Pump 

1  Pump 

1  Pump 


1  Pump 

1  Heater 

2  Turbo-alternators 


2  Condensers. . 

2  Pumps 

2  Pumps 


Foster 

Bucket 

5  section 

Duplex 

Duplex 

Duplex 

Three  -  stage 
centrifugal. . 

Duplex 

Receiver  type . 

Alternating- 
current  

Barometric. . . . 

Centrifugal.  .  . 


400  hp Generate  steam 160  lb.  pressure,  100  dog.  superheat . 

Projected       area 

43 . 5  sq.ft Ser\'ing  Wickes  boilers 

400  hp Generate  steam 160  lb.  pressure 

Projected  area 

43 . 5  sq.ft Sennng  Sterling  boilers 

On  400-hp.  Wickes  boilers  100  deg.  superher.t 

40  tons  per  hr. . .   Raise  coal  to  bunkers 

100  ton Weigh  incoming  coal 

10x5xl0-in Feed  boilers 160  lb.  steam 

14x8ixl0-in Feed  boilers 160  lb.  steam . 

10x7xl5-in Feed  boilers 160  lb.  steam, 

300  gal.  per  min. .   Feed  boilers Driven  by  Kerr  turbiiu' 

1000  gal.  p6r  m^in.  Fire  pump 160  lb.  steam. 


Wickes  Boiler  Co. 


Babe 


American  Engineering  Co. 
Power  Specialty  Co. 
Link  Bolt  Co. 
Fairbiuik.s  Morse  &  Co. 
HrTirv  U    Wi.rthington 
llrnrv  K.  \\  orthington 
riatt  Iron  Works  Co. 

Jeanesville  Iron  Works  Co. 
Henrj'  R.  Worthingto 


3500  hp Boiler  feed  water Exhaust  steam  from  aux Harrison  Safety  Boiler  Works 

60-cycle.  2300  volts,  1200  r.p.m..  .  Westinghouse  Machine  Co. 

Alberger  Pump  &  Condenser  Co. 

rt.  comp'd  engine.  Alberger  Pump  &  Condenser  Co. 


2000  kw Main  units Two-phi 

50,000  lb.    steam 

per  hr Serving  2000  kw.  units 

100  gal.  per  min.  Serving    barometric    con- 
densers     Driven  by  Wcstingh 


1   Turbo-alternator  Alte 


1  Condenser 

1  Pump 

1  Pump 

1  Pump 

1  Marine  engine. 


1  Generator.. 

1  Engine. .  .  . 


current. . . . 

Surface , 

Centrifugal. . . 

Centrifugal. .  . 

Centrifugal- . . 

Triple-expan- 
sion  

Induction.. .  . 


Three   -  line 
triple-expan- 


1  Generator.. 
1   Condenser. 


1  Exciter. 
1  Exciter. 
1  Exciter. 


Eng.  driven . 
Eng.  driven. 
Eng.  driven. 


12x22xl8-in Serving    barometric    con- 
densers    Alberger  Pump  &  Condenser  Co. 

6250  kw Main  unit Two-phase.  60-cvcle.  2300  volts,  1800  r.p.m. .  .  Westinghouse  Machine  Co. 

8000  sq.ft Ser\-ing  6250-kw.  unit Westinghouse  Machine  Co. 

8000  gal.  per  min.  Circulating  cooling  water..  Driven  by  Westinghouse  turbine Westinghouse  Machine  Co. 

7-in.  discharge. . .   Air  pump .    Driven  by  Westinghouse  turbine Westinghouse  Machine  Co. 

6-in.  discharge. . .  Condensate  pump Driven  by  Westinghouse  turbine Westinghouse  Machine  Co. 

17x27x46x30-in..    Main  unit 160  lb.  steam,  vac.  26  in.,  120  r.p.m S.  F.  Hodge  &  Co. 

600  kw Direct  connected  to  Ma- 
rine eng Two-phase,  2200  volt,  120  r.p.m Stanley 

13Ax20As32x 

13iVin Main  unit 160  lb.  steam.  20-in.  vac.  277  r.p.m Willana 

600  kw Direct  connected  to   Will- 

ans  eng Two-phase,  2200  volt,  277  r.p.m Stanley 

50,000  lb.  steam 

per  hr Ser\'ing  two  600-kw.  units  Henry  R.  Worthington 

60  kw Excitation  of  main  units  Driven  by  100-hp.  Willans  eng.,  450  r.p.m Northern  Electric 

40  kw Excitation  of  main  units.  .   Driven  by  100-hp.  Willans  eng.,  325  r.p.m Northern  Electric 

60  kw Excitation  of  main  units..   Driven  by  100-hp.  Willans  eng.,  450  r.p.m Westinghouse  Electric  &  Mfg.  Co. 


time  and  ability.  The  present  board  of  conimissioners  in- 
cludes J.  J.  Barium,  president;  Charles  H.  Bryan,  vice- 
president;  J.  T.  Lynn,  J.  F.  Lewis,  Fred  Gnenther  and 
Georofe  Burns. 


Wliat  has  been  desi<:ned  to  be  a  siin])le,  jiractical,  low- 
cost,  automatic  method  of  preventing  scale  formation  in 
steam  boilers  is  illustrated  herewith.  It  is  manufactured 
i)y  the  Mechanical  Scale  Prevention  Co.,  105  Chambers 
St.,  New  York  City. 
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Sectiox  Tiiiiouoii  Scale  Piieventer 


The  device  consists  of  a  tube  C,  at  one  end  of  which 
is  the  filter  chamber  D.  This  is  made  with  a  perforated 
plate  next  to  the  two  flan<2:es  of  the  thimble.  The  space 
between  the  two  perforated  plates  is  filled  with  filtering 
material.  The  apparatus  is  placed  in  the  top  or  the  bot- 
tom of  the  horizontal  return-tubular  boilers  or  in  the 
steam  drums  of  water-tube  boilers.  It  is  in  sections  and 
no  change  in  piping  is  necessary  when  putting  it  in  n 
hoiler. 

The  feed  water  enters  through  the  pipe  A  and  passes 
into  the  heater  and  settling  chamber  C,  where  the  water  is 
heated  sufficiently  to  precipitate  the  solids.  The  water 
minus  the  impurities  pa.sses  through  the  filter  D  into 
the  boiler  at  nearly  steam  temperature. 

As  the  preventer  is  in  contact  with  water  only,  the 
solids  do  not  bake  or  harden  to  the  shell;  they  arc  re- 
moved through  the  blowofF  B.  This  is  done  by  closing 
the  valve  in  the  supply  pipe  A  and  by  opening  the  one 
in  the  blow-down  pipe  B,  which  produces  a  reverse  pre.*- 
sure  on  the  filtering  material  and  blows  out  whatever  sedi- 
ment has  l)een  collected  by  the  filter  in  the  precipitating 
and  heatinir  chaniber  C. 


l.nrKi-  '■'■■NtinK  TrnnnforiiHT — Two  students  of  the  Univer- 
sity of  Wa.sliington  li.-ivc  unilcrtaken  tlie  construction  of  wh.Tt 
Is  said  to  he  tlio  laiBesl  testing-  transformer  on  the  Pa- 
ciflc  Coast,  .IS  a  thesis  for  a  degree  in  engineering.  Tliey  are 
Leo  Dashley  .and  Joan  Dodds.  lioth  Seattle  men.  The  trans- 
former, which  win  bo  ready  for  use  In  the  spring,  will  lie  sur- 
passed only  by  those  in  the  testing  Ial)oratories  of  some  of 
the  big  electrical  companies.  The  apparatus  is  to  bo  set  up  In 
the  tMiKlncerlng  building  for  research  work  and  the  testlmt 
of  Insulating  materials.  It  will  be  7  ft.  high.  1  ft.  wide  and  2 
ft.  thick;  will  contain  .'iOO  lb.  of  wire:  .ind  will  step  up  the 
voltage   from   220   to   220,000. 
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By  John  A.  Kandolph 


SYNOPSIS — Principle  of  the  power-factor  meter  and  its 
operation  on  single-,  two-  and  three-phaae  circuits. 

m 

The  power-factor  indicator  or  meter  is  an  instrument 
for  obtaining  readings  of  the  power  factor  of  a  circuit  to- 
gether with  an  indication  as  to  whether  the  current  is  lag- 
ging or  leading.  Such  an  instrument  is  necessary  in  sta- 
tions equipped  with  alternating-current  machinery  in  or- 
der that  the  excitation  of  the  machines  may  be  so  regu- 
lated as  to  secure  at  all  times  the  maximum  efficiency 
in  the  operation  of  the  system.  They  are  also  connected 
to  feeders  for  an  indication  of  the  power  factor  -.m  the 
various  parts  of  the  distribution  system. 

As  ordinarily  constructed,  the  power-factor  indicator 
consists  of  two  sets  of  coils.    One  set,  called  the  current 


Fig.  1.  Fig.  2. 

Illustrating  Peixciple  of  Single-Phase  Powek- 

Factoe  .Metee 

coils,  is  connected  to  tlie  secondary  side  of  one  or  more 
current  transformers  in  the  power  lines;  the  other  set, 
known  as  the  voltage  coils,  being  connected  either  directly 
across  the  lines  or  to  the  secondaries  of  potential  trans- 
formers; the  latter  are  always  used  on  high-tension  lines. 
In  one  type  of  instrument  the  voltage  coils  are  movable 
and  are  set  upon  the  scale  pointer  shaft  with  axes  in 
the  same  plane  but  at  an  angular  displacement,  depend- 
ing upon  the  number  of  coils  used.  The  shaft  with  its 
coils  is  free  to  move,  inasmuch  as  it  is  not  restricted  by 
springs  or  weights.  Wliile  the  coils  of  the  movable  ele- 
ment are  so  arranged  and  connected  as  to  produce  a  ro- 
tating field,  the  current  coils  are  stationary  and  may 
produce  either  a  fixed  or  rotating  field,  depending  upon 
whether  there  is  one  coil  connected  to  one  phase  or  two 
or  more  coils  connected  to  more  than  one  phase. 

Single-Phase  Meter 
The  fundamental  connections  and  elements  of  a  single- 
l)hase  instrument  of  this  type  are  represented  in  Fig.  1, 
in  which  V^  and  "F,  are  two  voltage  coils  comprising  the 
movable  element.  They  are  placed  at  right  angles  to  each 
other  on  the  pointer  shaft.  One  of  the  coils,  V^,  is  con- 
nected across  the  lines  or  transformer  secondary  through 


a  non-inductive  resistance  R,  the  other,  V„,  being  con- 
nected to  the  same  source  but  through  an  inductance  L. 
Inasmuch  as  the  resistance  R  is  noninductive,  the  current 
])assing  tlirough'Fi  will  be  in  phase  with  tlie  line  volt- 
age ;  that  in  V^,  however,  will  lag  behind  the  line  voltage 
owing  to  the  inductance  L.  The  latter  is  generally  cali- 
hratcd  to  cause  the  current  in  F,  to  lag  90  deg.  behind 
tliat  of  Fj.  As  a  result  of  this  phase  difference,  the  cur- 
rout  in  T',  will  be  at  its  maximum  when  that  of  Fj  is 
zero,  and  vice  versa.  The  residtant  magnetic  field  of  the 
Iwo  coils  will  rotate  similarly  to  the  field  of  an  induction 
motor. 

When  the  voltage  is  in  phase  witli  tlie  line  current,  the 
magnetic  field  of  V^  will  reach  its  maximum  at  the  same 
instant  as  that  of  the  stationary  current  coils  G,  the  field 
of  v.,  passing  through  zero  at  the  same  time.  Moreover, 
when  the  field  of  F,  is  at  its  maximum,  that  of  the  cur- 
rent coils  will  be  a  mininmm. .  No  turning  moment, 
tlierefore,  will  be  exerted  upon  the  voltage  coils.  How- 
c\er,  when  the  line  current  is  out  of  phase  with  the  volt- 
age, the  currents  in  the  coils  F^  and  C  will  reach  tlieir 
maxima  at  different  times.  Furthermore,  the  current  in 
T'o  will  no  longer  be  at  zero  simultaneously  with  the  max- 
imum of  the  current  in  coils  C,  but  will  exert  a  force  upon 
tlie  field  of  coils  C  depending  in  intensity  upon  the  dif- 
ference in  phase  between  the  line  current  and  the  voltage. 
The  action  of  the  field  of  the  current  coils  upon  the  re- 
sultant field  of  Fj  and  V„  will  serve  to  turn  the  latter 
away  from  the  position  shown  in  Fig.  1  to  one  such  as 
shown  in  Fig.  3,  the  angle  of  deflection  depending  upon 
fhe  lag  or  lead  of  the  line  current.  The  pointer  at  one 
curt  of  the  shaft  of  the  movable  element  registers  the  ex- 
tent of  the  deflection  upon  a  scale  calibrated  to  give  di- 
rect readings  either  of  the  power  factor  corresponding 
to  the  deflection  or  of  the  phase  difference  in  degrees  be- 
tween voltage  and  current.  It  also  .shows  whether  the 
current  is  leading  or  lagging  by  swinging  to  the  right 
or  left  of  the  unity  point  on  the  scale.  Wlien  the  current 
in  coil  Fj  is  in  phase  with  the  line  current  in  coils  C, 
the  power  factor  of  the  circuit  will  be  imity  and  will  be 
so  indicated  by  the  pointer. 

Poly  phase   ]\I  eter 

The  principle  of  operation  for  these  instruments  is  the 
same  as  for  the  single-phase  type.  However,  the  arrange- 
ment and  connections  of  the  coils  are  different  owing  to  the 
additional  phases.  No  inductance  is  used  for  phase  split- 
ting in  connection  with  the  potential  coils,  inasmuch  as  the 
]3hase  difference  necessary  for  the  rotating  field  of  these 
coils  is  secured  by  connecting  the  latter  directly  across 
the  line  phases.  The  number  and  angular  spacing  of  the 
iwtential  coils  depend  upon  the  number  of  phases  in  the 
line  circuit.  On  two-phase  systems  the  potential  ele- 
ment consists  of  two  coils  placed  90  deg.  apart,  whereas, 
on  three-phase  systems  there  are  three  star-connected  coils 
placed  120  deg.  apart.  On  balanced  systems,  only  one 
current  coil  is  necessary,  bxit  on  unbalanced  systems  more 
must  be  used.  On  the  unbalanced  three-phase  system 
three  current  coils  are  necessary  in  addition  to  the  tliree 
potential  coils  in  order  that  the  variation  in  the  strength 
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of  the  line  currents  may  be  taken  into  account.  In  such 
an  instrument,  the  fields  of  both  sets  of  coils  are  rotating 
and  their  resultant  effort  on  the  movable  element  will 
cause  it  to  move  the  pointer  to  a  position  corresponding 
to  the  power  factor  of  the  circuit  as  in  the  single-phase 
tvpe. 

Fig.  3  is  a  diagram  of  connections  for  a  power-factor 
indicator  on  a  two-phase  circuit.    It  will  be  observed  that 


sultant  magnetic  field  is  rotary.  Under  the  influence  of 
the  field  of  coil  C,  the  iron  vanes  act  as  the  magnetic  poles 
of  an  electro-magnet  and  will  therefore  be  turned  in  re- 
sponse to  the  action  of  the  flux  from  the  voltage  coils 
Fj  and  F,. 

If  the  line  current  is  in  phase  with  the  voltage,  the  cur- 
rents in  coils  T^,  and  C  will  reach  their  ma.xima  at  the 
same  instant,  the  current  in  coil  F^  then  being  at  zero 


^Resisfance 


Fig.  3.  Two-Phase  Connections 
FOR  Balanced  System 


Fig.  4.  Three-Phase  Connec- 
tions FOR  Balanced  System 


Fig. 


^Fovable-Vane  Type 

OF  Meter 


there  is  but  one  current  coil  and  that  this  is  excited  from 
only  one  of  the  phases,  this  being  a  common  practice  on 
balanced  systems.  However,  on  imbalanced  systems  such 
a  connection  would  not  give  the  average  power  factor  of' 
the  circuit  as  a  whole,  but  of  only  one  of  the  phases.  For 
that  reason,  for  accuracy,  it  is  necessary  to  use  instru- 
ments with  two  or  more  current  coils  excited  from  cur- 
rent transformers  so  connected  in  the  lines  as  to  furnish 
an  indication  relative  to  the  current  flowing  in  all  the 
phases.  On  systems  whose  load  is  made  up  of  polyphase 
motors  and  converters,  a  balanced  condition  exists ;  there- 
fore, on  such  circuits,  power-factor  indicators  taking  cur- 
rent from  only  one  line  are  generally  used. 

A  noninductive  resistance  is  generally  ])laccd  in  series 
with  each  potential  coil  lead  for  purposes  of  {'alibration 
and  current  regulation.  In  Fig.  5  are  shown  the  con- 
nections for  a  three-phase  indicator  as  used  on  a  balanced 
system. 

Movable-Vane  Type 

This  instrument  operates  in  a  similar  manner  to  tlicsc 
already  (lescril)e(i,  but  all  of  its  coils  are  stationary.  The 
movable  element  consists  primarily  of  two  iron  vanes 
or  armatures  attached  to  the  pointer  shaft  an<l  extending 
radially  in  opposite  directions  as  shown  in  Fig.  5.  In 
the  single-phase  type  there  are  two  voltage  coils  F,  and 
Fj,  with  a.xes  at  right  angles  to  each  other,  and  one  cur- 
rent coil  C  whose  plane  coincides  with  that  of  the  axes  of 
the  voltage  coils.  Tiie  connections  of  the  voltage  coils 
arc  similar  to  those  of  Fig.  1,  one  coil  l)eing  connected 
across  the  line  through  a  noninductive  resistance  and  the 
other  through  an  inductance,  the  currents  in  the  two  coils 
consequently   being   in    quadrature.      Therefore,   the   re- 


because  of  its  set  relation  to  that  of  coil  F,.  The  vanes 
will  then  take  a  position  parallel  with  the  axis  of  coil  F; 
as  shown,  and  the  pointer  will  indicate  unity  power  factor 
on  the  scale.  If,  however,  the  line  current  is  out  of  phase 
with  the  voltage,  the  current  in  Fj  will  no  longer  be  at 
zero  when  that  of  C  is  at  its  maximum,  but  will  have  a 
value,  at  that  instant,  depending  upon  the  phase  differ- 
ence between  the  line  current  and  the  voltage.  It  will, 
therefore,  act  with  coil  F„  in  exerting  a  turning  force 
upon  the  iron  vanes.    The  latter  will  be  shifted  to  a  point 


••«••        3  3  3 
Fid.    (i.    ClIiCl'I.AI! 

Dim,  Type 


Fig. 


Horizontal  Edgewise 
Type 


wlierc  c(|iiilil)riuni  will  he  rcaclu'(l  between  the  magnetic 
fields  of  the  current  and  voltage  coils,  the  pointer  then 
indicating  the  power  factor  at  this  particular  instant.  The 
function  of  the  laminated  iron  ring  is  to  form  a  low-re- 
sistance i>ath  for  the  magnetic  flux  of  the  rotating  field 
thus  rendering  the  latter  stronger  and  more  efiicient. 

In  the  polyphase  instrument  of  this  type  tlic  positions 
of  the  current  and  voltage  coils  are  interchanged  from 
that  shown  in  Fig.  5,  the  rotating  field  being  then  pro- 


838 


POWER 


Vol.  40.  Xo.  24 


duced  br  the  current  coils  instead  of  by  those  on  the  volt- 
&<re  circuit.  In  the  two-phase  meter  there  are  two  ciir- 
rent  coils  which  are  placed  90  deg.  apart,  and  in  the 
three-phase  instrument,  the  three  coils  are  placed  120 
deg.  apart, 

COKSTRUCTIOX  AND  INSTALLATION 

The  power-factor  indicator  is  made  in  both  the  lircular 
and  horizontal  edgewise  patterns,  the  circular  type  being 
shown  in  Fig.  6.  The  directions  which  the  pointer  wiU 
take  on  leading  or  lagging  currents  are  indicated  by  ar- 
rows narked  accordingly.  The  scale  gives  readings  from 
zero  to  one  hundred,  thus  enabling  any  percentage  of 
power  factor  to  be  read. 


The  liorizontal  edgewise  indicator  is  shown  in  Fig.  7. 
The  dial  of  the  instrument  is  curved  cylindrically,  but 
the  scale  divisions  are  vertical  and  the  pointer  maintains 
a  constantly  vertical  position.  The  pointer  swings  to 
right  or  left  depending  upon  whether  the  current  is  lead- 
ing or  lagging,  and  the  scale  records  power-factor  read- 
ings from  60  per  cent,  to  unity,  this  covering  the  range 
ordinarily  encountered. 

The  resistances  used  in  connection  with  the  voltage  coils 
of  the  various  types  are  separate  from  the  instrument 
and  are  usually  in  a  convenient  position  on  the  back  of 
the  panel.  They  are  contained  in  a  small  rectangular 
sheet-iron  box  so  constructed  as  to  allow  free  ventilation 
and  readv  access. 


By  OsBORN  MONNETTJ 


SYNOP-'^IS — Headroom  ix  the  principal  factor  with 
these  stokers.  For  smolceless  operation  no  special  hriclc- 
work  is  required.  Their  application  to  different  types  of 
boiler  and  in,^tructions  for  operation  are  given. 

The  application  of  underfeed  stokers  to  nearly  all  types 
of  boiler  is  simple  and  no  preparation  in  the  form  of 
arches  or  brickwork  construction  of  any  kind  is  re- 
quired. Fig.  1  shows  a  72-in.  by  18-ft.  boiler  served  by  an 
American  stoker.  From  the  dead  plate  to  the  boiler  shell 
the  measurement  is  42  in.  With  a  similar  boiler  the 
standard  height  for  Jones  stokers  varies  from  36  to  42  in. 

Fig.  2  is  a  typical  installation  of  a  Jones  stoker  and  a 


Fig.  1.  American  Stoker  under  Return-Tubular 
Boiler 

return-tubular  boiler.  This  stoker  may  be  easily  applied 
to  a  water-tube  boiler  when  the  baffles  are  horizontal. 
If  desired,  a  T-tile  can  be  used  over  the  fire  to  any  ex- 
tent to  increase  the  heat  absorption.  Fig.  3  shows  such 
an  installation  consisting  of  an  Oil  City  water-tube  boiler 
and  a  Jones  stoker;  this  arrangement  is  Working  out  satis- 
factorily. The  headroom  in  this  instance  is  6  ft.  3  in. 
from  the  floor  line  to  the  bottom  of  the  front  header  and 
all  the  other  dimensions  are  in  proportion. 

•Copyright,    1914,   by   Osborn    Monnett. 
tSmoke  inspector,  City  of  Chicago. 


In  the  case  of  a  B.  &  W.  boiler  with  a  SeweU  baffle,  Fig. 
4,  a  similar  setting  would  be  used,  but,  due  to  the  pitch  of 
the  tut)es,  the  headroom  would  be  7  ft.  When  using  the 
vertical  baffle,  care  should  be  taken  that  sufficient  flame 
travel  is  provided  to  avoid  the  dampening  effect  of  the 
lubes  on  combustion.  As  in  other  stokers,  the  bank  of 
tubes  has  a  wonderfully  dampening  effect  on  the  flame; 


Fig.  2.  Jones  Stoker  under  Return-Tubular  Boiler 

if  set  too  close  to  the  fire,  the  boiler  will  show  consider- 
able Xo.  1  and  Xo.  2  smoke.  On  vertically  baffled  boilers 
of  the  B.  &  W.  type  using  American  or  Jones  stokers, 
8  ft.  6  in.  should  be  the  minimum  distance  from  the 
floor  to  the  bottom  of  the  front  header.  Fig.  5  is  typical 
and  shows  the  proper  dimensions.  There  is  nothing  spe- 
cial to  be  said  regarding  the  application  of  the  Jones 
stoker  to  Stirling  boilers;  the  setting  may  be  made  flush 
front  and  the  standard  Stirling  arch  can  be  used,  as  in 
Fig.  6. 

Operating  American  or  Jones  Stokers 

Starting  Fires — Fill  the  retort  by  means  of  the  ram 
so  that  the  tuyere  blocks  are  covered  with  green  coal. 
Scatter  fire  from  another  furnace  along  each  side  and  at 
the  center  of  the  retort  on  top  of  the  green  coal.  Start 
the  blower  slowly,  increasing  the  speed  as  the  fire  builds 
up.  If  steam  is  not  available  to  work  the  stoker,  fill  the 
retort  with  scoops  and  start  a  wood  fire  on  top  of  the  coal 
in  the  usual  manner,  leaving  the  doors  cracked  open  to 
prevent  smoke.  Fire  by  hand  until  steam  is  raised  to 
work  the  ram  and  blower. 

Carrying  the  Load — Always  carry  a  thick  fire  on  the 
retort,  from  14  to  24  in.  After  the  load  is  on,  the  oper- 
ation is  automatic  and  is  taken  care  of  by  the  steam  pres- 
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sure.     Wlien  carrying  a  load,  never  throw  in  green  coal 
on  top  of  the  fire  as  this  will  cause  smoke. 

Cleaning  Fires — Clean  the  fires  when  the  accumulation 


draft  and  close  the  fire-doors  and  damper.  If  the  bank 
has  been  on  for  a  considerable  period,  some  clinker  may 
form  iu  the  retort.    When  starting  up  remove  this  clinker 


Fig.  3.  Jones  Stoker  and  130-Hp.  Oil  City  Hokizontallt  Baffled  Boiler 


of  clinker  interferes  with  combustion.  Lift  the  clinker 
from  the  dead  plate  with  a  slice  bar  and  remove  it  through 
the  front  doors  with  a  hook.  Never  clean  so  as  to  expose 
the  dead  plates  to  the  intense  heat  of  the  fires.  Let  the 
ii.sh  and  unconsumed  coal  remain  on  the  side  plates. 
Clean  the  dead  plates  and  tlie  top  of  the  tuyere  blocks 
only;  the  retort  will  keep  itself  clean.    Shut  otf  the  forced 


with  a  hook  and  bi'eak  up  the  coked  coal.    The  draft  can 
then  be  turned  on  and  the  stoker  .started  as  usual. 

Taylor  Stokers 

This  stoker  is  a  development  of  the  underfeed  principle. 
There  is  a  number  of  successful  installations  operating  in 
the  Middle  West.  While  this  stoker  is  not  so  well  adapted 


Tig.  4.  Babcogk  &  WiLfox  Boiler,  134  Hi'.,  with  'I'- 
TiLE  KooF  Served  hv  Jones  Stokki: 


Fro. 


.  Jones  Stoker  under  13I-Hp.  Verticaixt 
IUfflkd  Baik-ook  &  Wil('ox  Boiler 


draft  wlien  cleaning.     Do  not  luirn  down  the  fire  too  thin  to  reconstnutidii  jobs,  especially  where  the  boilers  are  set 

before  cleaning,  and  when  clcdning,  do  not  poke  into  the  low,  due  to  the  headroom  required  for  a  successful  instal- 

preen  coal  as  this  will  cau.se  smoke.  lation,  on  a  new  job  having  plenty  of  headroom  it  is 

Banking  and   Hreaking   Up   Fires — Introduce   several  easily  possible  to  get  a  good  setting.     Fig.  7  shows  this 

ciiarges  of  coal  by  means  of  the  ram,  shut  oil  the  forced  stoker  serving  a  B.  &  W.  boiler  set  9  ft.  above  the  floor 
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when  measuring  to  the  bottom  of  the  front  header.  This 
outfit  is  running  satisfaetorih'  on  Illinois  bituminous 
coal.  The  iiame  travel  is  sufficient  to  allow  thorough 
burning,  and  under  loads  up  to  considerably  over  rating 
the  performance  should"  be  ;,good.  The  capacity  of  tlie 
stoker  to  bum  coal  is  limited  only  by  the  character  of  tlie 
refuse  formed  from  that  coal,  and  in  turn  the  capacity  of 
the  stoker  to  free  itself  from  this  refuse.     If  ihe  coal  is 


Fig.  6.  Stieling  Boiler,  .500-Hp..  Seuved  by  Three 
t  •  JoxES  Stokers 

such  that  the  stoker  can  be  run  without  working  the  fire 
from  the  side  doors,  there  is  little  danger  of  smoke.  The 
application  of  Taylor  stokers  to  vertical  boilers  is  simple. 
Fig.  8  shows  a  typical  installation  for  a  500-hp.  unit. 

Operating  Taylor  Stokers 

Starting  Fires — Feed  in  sufficient  coal  to  cover  the  Ujp 
tuyeres,  then  shut  down  the  stoker  and  build  a  tire  on  this 
coal  along  the  front  wall,  using  clean  kindling  wood  or 
live  coal  from  another  fire.     Let  this  coal  become  thor- 


FlG. 


Taylor  Stoker  under  Babcock  &  Wilcox  2.50- 
Hp.  Vertically  Baffled  Boiler 


oughly  ignited  by  natural  draft,  then  begin  feeding  a  little 
more  coal  slowly,  using  a  little  forced  draft,  and  gradually 
increase  the  feed  and  air  pressure  as  the  fire  builds  up. 

There  is  no  need  to  work  the  fires  by  hand  except  pos- 
sibly to  clean  an  occasional  clinker  from  the  side  walls. 
The  best  time  to  do  this  is  on  a  banked  fire;  if  carefully 
done,  there  is  no  occasion   for  making  any  smoke. 

At  the  time  of  dumping  there  should  be  no  green  fuel 
on  or  Just  above  the  dump  plates.  If  smoke  is  made  wheji 
dumping,  it  is  caused  by  dislodging  coal  which  has  not 


had  its  volatile  entirely  distilled.  Therefore,  dumijing 
and  cleaning  out  should  be  confined  to  that  refusi;  w^iich 
lies  directly  on  the  dump  plates.  Leave  the  blast  on  while 
dumping  and  do  not  disturb  the  rest  of  the  fuel  bed. 

Banking  Fires — The  fire  is  not  cleaned  previous  to 
banking.  When  banking,  the  air  is  shut  off  and  the  coal 
iu  the  hopper  is  fed  in,  leaving  the  hopper  "emptv.  One 
liopper  full  of  coal  will  ordinarily  carry  a  bank  from  36 
to  40  hr.  For  longer  periods,  a  small  amount  of  coal 
is  fed  in  from  time  to  time.  The  ashes  may  be  dumped 
during  the  banking  period. 

In  starting  from  a  banked  fire,  first  dump  the  ashes 
and  then  start  the  stoker  running  for  a  number  of  revoiu- 


I  e'-ii '    tl 


Fig.  8.  Wickes  .500-Hp.  Boiler  and  Taylor  Stoker 

tions  with  the  hopper  empty.  This  will  force  the  accumu- 
lation of  ash  onto  the  dump  grate  and  give  a  clean  fire, 
upon  which  coal  can  be  fed  in  the  usual  manner. 


To  reduce  the  expense  of  boiler-furnace  maintenance, 
the  engineering  department  of  the  Eobert  Gair  Co., 
Brooklyn,  N.  Y.,  has  tried  cement  instead  of  firebrick  or 
fireclay  for  lining  the  furnaces.  The  cement  is  of  a  5  to  1 
mixture  of  cement  and  hard-coal  ash,  with  just  a  small 
jjart  of  sand,  the  latter  being  used  sparingly,  of  course, 
Ijecause  of  the  low  temperature  at  which  it  melts. 

The  lining  is  41/2  in.  thick  on  the  side  walls.  The 
l)ack  arch  is  of  concrete  supported  by  T-irons,  around 
which  the  concrete  is  pottred.  Wliile  one  or  two  brick 
arches  fell  down,  the  concrete  arches  continue  to  give  sat- 
isfactory service.  In  a  neighboring  plant  settings  of  con- 
crete were  tried,  but  they  failed. 

It  would  be  interesting  if  those  who  have  tried  cement 
and  concrete  for  boiler  settings  would  tell  their  experi- 
ences to  Power  readers. 


Po^ver  in  Minings — The  growing'  importance  of  mechanical 
power  to  the  mining  industry  is  shown  by  the  fact  that  if 
mules  alone  were  still  relied  on,  the  increased  amount  of 
power  required  in  the  last  ten  years  would  call  for  an  ad- 
ditional investment  of  nearly  eight  million  dollars  in  mules, 
not  including  replacing  any  that  died  during  that  period.  As 
a  matter  of  fact,  the  number  of  mules  actually  used  decreased 
from  16,139  in  1902  to  15.187  in  1912,  while  the  electric  loco- 
motives increased  from  53  to  9.51  and  the  steam  locomotives 
on  the   surface  from   373  to  579. 
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An  iinderfeed  stoker  has  been  developed  by  the  West- 
inghouse  Machine  Co..  Pittsburgh,  Penn.  It  is  designed 
to  burn  sufficient  coal  to  evaporate  three  or  more  times 
the  rated  amount  of  water  in  a  given  boiler,  and  has  been 
tlioroughly  tested  in  actual  service.  Its  constniction  and 
operation  will  be  understood  by  referring  to  Fig.  1, 
which  shows  the  essential  details. 

Box  girders  A  are  bolted  at  their  fronts  to  the  ram 
boxes  B  and  secured  at  their  rear  ends  to   a   channel 


which  form  a  support  and  air-supplying  channels  for  the 
moving-grate  sections  (r,  and  the  dumping  grate  H. 

The  moving-grate  sections  reciprocate  with  a  variable 
stroke  between  certain  limits.  The  dumping  grate  is 
pivotally  mounted  on  the  brackets  F.  Between  the  bridge- 
wall  and  the  end  of  the  dumping  grate  //  are  secondary 
corrugated  dumping-grate  sections  mounted  on  a  shaft. 
The  upper  surfaces  of  the  moving-  and  the  dumping-grate 
sections  consist  of  interchangeable  corrugated  grate 
bars  I. 

At  the  upper  end  of  the  bo.x  girders  and  extending  lat- 
erallj'  across  the  furnace  are  air-distributing  boxes  J,  hav- 


FifJ.  1.  Details  of  the  New  Westinghouse  Uxdeiifeed  Stokek 


structure  B'  extending  laterally  across  the  furnace. 
These  box  girders.  su|)|K)rt  the  ])lates  C,  which  form  tlie 
l)ottoni  of  the  retorts.  Picsting  upon  tlie  toji  of  cadi  box 
girder  are  tlie  grates  V.  These  grates  have  an  expansion 
joint  between  two  sliding  surfaces  and  the  expansion 
space  is  further  packed  witli  asbestos  at  E. 

Bolted  to  tlie  ends  of  tlie  bo.v  girders  are  the  brackets  F, 


ing  a  double  row  of  nozzles  for  injeiting  air  above  tlic 
fuel  bed.  These  bo.xes  are  bolted  to  the  ram  boxes  /;. 
The  air-distributing  boxes  also  form  an  exiiaiiding  tliroat 
section  for  the  coal  fed  into  the  furnace. 

Tiic  fuel-feeding  mechanism  for  each  retort  consists 
of  a  cylindrical  plunger  or  ram  K.  having  an  inclined 
face  L.    The  ram  i.s  connected  by  a  rod  M  to  a  steel  crank- 
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shaft  ^V.  The  crankshaft  is  rotated  through  a  double 
set  of  worms  aud  gears  driven  from  the  speed  shaft  and 
sprocket,  which,  in  turn,  is  connected  by  a  chain  to  the 
main  driving  shaft. 

The  secondary  pusher  0  is  actuated  through  connect- 
ino-rods  from  the  pin  P  and  tlie  stroke  of  the  pusher 
is  adjustable. 

The  moving-grate  sections  Gr  are  also  connected  to  the 
pin  P  through  suitable  rods  and  reciprocate  with  an  ad- 
justable stroke  in  unison  with  the  main  plunger.  The 
different  crankshafts  are  set  1)0  deg.  apart,  thus  distrib- 
uting the  load  on  the  -H^orni  gears. 

The  stroke  of  the  main  ram  is  12  in. ;  that  of  the  sec- 
ondary ram  is  generally  tlnee  inches  and  may  be  varied 
from  five  to  one  inches,  de])ending  upon  the  condition 
of  the  fuel  bed  and  the  fuel  used.  The  stroke  of  the 
movable-grate  sections  will  vary  from  nothing  to  a  max- 
imum of  three  inches. 

The  dumping  grate  11  is  operated  by  a  worm  gear 
and  shaft  and  levers  through  a  ratchet  at  the  side  of  the 
furnace.  The  bridgewall  dumping  grate  i.s  operated  from 
the  side  of  the  furnace  l)y  a  lever,  and  can  be  so  adju.sted 
tliat  the  ash  is  moved  forward  by  the  grate  (r  and  is  con- 
tinuously discharged.  Tlic  position  of  the  main  dumping 
grate  may  also  be  adjusted  to  accomplish  the  same  result. 

The  coal  from  the  liopper  is  forced  over  the  grates  into 
a  position  indicated  by  the  outline  U,  being  deepest  at 
the  front  portion  of  the  fuel  bed  and  gradually  declining 
toward  the  rear.  The  fuel  bed  with  varying  fuel  is  main- 
tained through  the  use  of  the  relatively  small  incline  of 
the  stoker  and  the  adjustable  deflecting  plate  6'. 

The  space  under  the  grates  is  sealed  by  means  of  a  re- 
inforced-concrete  floor  and  the  front  plate  T,  which  car- 
ries the  air-tight  doors  V,  used  for  inspection  and  to 
admit  air  when  the  stoker  is  operating  under  natural 
draft.  Under  forced  draft,  the  air  is  admitted  through 
the  main  damper  V  and  is  further  distribtited  in  correct 
\olume  and  pressure  to  the  fuel  bed  through  the  damper 
ir,  which  controls  the  air  for  the  lower  portion  of  the 
grates.  A  partition  X  in  the  box  girder  segregates  the 
grates  into  two  parts. 

Air  for  the  moving-grate  sections  is  controlled  by  the 
damper  Y  from  the  side  of  the  furnace.  The  air  for  the 
distributing  box  J  passes  through  the  connections  Z  and 
is  controlled  by  dampers  operated  from  a  single  shaft. 

The  absence  of  moving  levers  and  links  under  the  front 
of  the  stoker  permits  installation  where  there  is  restricted 
head  room  and  where  boilers  are  set  relatively  low  and 
still  maintain  a  large  combustion  space.  The  ash  hop- 
]:)ers  can  also  be  separated  from  the  boiler  room  as  no  lev- 
ers or  operating  rods  pass  through  them.  This  arrange- 
ment prevents  ashes  or  gases  from  coming  into  the  boiler 
room. 

The  fuel  bed  B  is  almost  twice  as  thick  at  the  front 
as  it  is  at  the  rear  of  the  furnace,  and,  therefore,  the  re- 
sistance to  the  passage  of  air  is  greatest  at  the  front. 
Most  of  the  volatile  gases  or  hydrocarbons  are  distilled 
and  pass  through  the  fuel  bed  at  the  front,  and  as  these 
hydrocarbons  require  almost  three  times  as  much  air  for 
combiistion  as  does  the  coke,  the  importance  of  a  large 
air  supply  at  this  point  is  apparent. 

In  this  stoker  the  volume  of  air  at  the  highest  pressure 
employed  for  a  certain  rating  enters  under  the  front  part 
of  the  stokers.  The  proper  volume  of  air  at  a  lower  pres- 
sure is  admitted  to  the  lower  end  of  the  fuel  bed  through 


the  dampers  and  is  gradually  decreased  as  it  passes 
through  the  dampers  for  the  moving  and  the  dumping 
grates  to  suit  the  gradually  decreasing  tliickness  and  com- 
bustible percentage  of  the  fuel  bed.  The  secondary  air  is 
diffused  with  a  carbon  monoxide  gas  above  the  fuel  bed 
through  jets  arranged  across  the  width  of  the  furnace,  and 
the  air  and  gas  are  well  mixed. 

By  this  arrangement  of  introducing  the  correct  amount 
of  air  at  the  necessary  pressure  and  in  the  proper  part 
of  the  fuel  bed,  less  air  is  required  per  potmd  of  coal, 
thereby  increasing  the  furnace  temperature  and  decreas- 
iuK  the  stack  losses  due  to  excess  air. 


Fig.  2.  Westinghouse  Undekfeed  Stokees 

The  novel  combinalion  of  an  active  grate  under  forced 
draft,  which  at  the  same  time  serves  the  purpose  of  a 
dumping  grate,  allows  the  installation  of  a  maximum  ac- 
tive grate  area  for  high  capacities  inside  of  certain  given 
furnace  dimen.sions. 

Through  this  control  of  four  different  parts  of  grate 
surface,  the  best  rate  of  combustion  per  square  foot  of 
grate  surface  for  a  certain  boiler  rating  can  be  main- 
tained by  operating  the  different  dampers.  For  instance, 
at  low  ratings  under  forced  draft  the  air  may  be  closed 
off  from  the  moving  and  the  dumping  grates.  While  these 
grates  then  serve  only  as  a  collecting  surface,  they  may, 
with  the  demand  for  increased  boiler  capacity,  be  added 
as  active  grate  surfaces.  Thus  the  efficiency  curve  of  the 
grate  will  be  almost  a  straight  horizontal  line  for  boiler 
capacity  varying  between  wide  limits  if  plotted  against 
the  percentage  of  efficiency  on  a  vertical  line. 

The  stoker,  attached  to  a  batterv  of  boilers,  is  shown  in 
Fig.  2. 
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By  Charles  H.  Bromley 


SYNOPSIS — Interesting  features  of  the  largest  refrig- 
eration unit  ever  constructed.  The  machine  is  built  for 
the  unusually  high  speed  of  75  r.p.m.  and  handles  two 
widely  different  suction  pressures.  The  builders  were 
required  to  work  to  measurements  in  thousandths  of  an 
inch.  Very  fine  pitch  threads  on  the  piston  rods  prevent 
them  from  hading  out  of  the  crossheads.  The  center 
cranl-pin  is  grooved  circumferentialhj  midway  between 
the  cranks  so  that,  should  it  break,  the  machine  will  run 
as  two  side-crank  engines.  Hydraulic  jacks  are  perman- 
ently located  under  both  flywheels  for  raising  the  shaft. 

m 
Features  of  the  1000-Ton  Compressor 

One  thousand  tons  of  refrigeration  every  twenty-foni 
hours !  And  from  one  machine,  in  the  Sargent's  Wharf 
plant  of  the  Quincy  Market  Cold  Storage  &  Warehouse 
Co.,  Boston,  llass. 

One  ton  of  refrigeration  capacity  is  the  ability  to  ab- 
sorb as  much  heat  as  will  melt  one  ton  of  ice  at  32 
deg.  P.  into  water  at  32  deg.  F. ;  the  latent  heat  of  ice 
at  32  deg.  F.  is  144  B.t.u.  Then,  with  no  losses,  to  freeze 
1000  tons  of  water  at  32  deg.  into  ice  at  32  deg.  F.  re- 
quires 

1000   X   2000   X   Ui  =  288,000,000  B.t.u. 

Suppose  that  the  25-lb.  cake  of  ice  your  iceman 
puts  into  your  refrigerator  keeps  it  sufficiently  cool  for 
two  days.  One  day's  capacity  of  this  machine  would  keep 
it  cool  for 


288,000,n00 

144  X  25" 

2 


=  100,000  dai/s 


440  years  continuously ;  or,  if  it  were  cooling  ice  boxes 
of  this  size,  one  day's  capacity  would  keep  80,000  such 
boxes  cool  for  two  days.  And  one  day's  capacity  is  equal 
to  the  heat  absorbed  by  the  melting  of  a  pillar  of  ice 
one  foot  square  in  .section  and  34,6G2  ft.  high.  This  is 
nearly  46  times  as  high  as  the  Woolworth  Building,  over 
5600  ft.  higher  than  Mt.  Deodliunga  in  the  Himalayas, 
believed  to  be  the  highest  in  the  world;  and,  if  the  pillar 
could  be  pushed  vertically  to  the  greatest  ocean  depth 
discovered  (31,614  ft.  in  the  Pacific),  it  would  rise  above 
the  surface  3048  ft. 

The  compres.sor  weighs  about  1,000,000  lb.  and  there 
is  approximately  15  tons  of  bronze  in  the  bearings. 
Thirty-five  cars  were  required  for  its  shipment.  The 
foundation  weighs  about  2,500,000  lb.  and  contains  over 
800  yd.  of  concrete  anchored  to  a  mat  which  rests  upon 
steel  caissons  driven  into  the  blue  clay  and  fillcil  with 
concrete. 

Judging  from  the  performances  of  the  other  machines — 
the  800-  and  the  400-ton— Jlr.  Fairbanks,  chief  engi- 
neer for  the  company  and  designer  of  the  compressor, 
feels  confident  that  he  can  produce  refrigeration  with  the 
1000-ton  machine  for  20  cents  per  ton,  wliich  includes 
pumping  the  brine.  With  the  800-ton  com]iressor  the 
cost  is  25  cents  per  ton.  These  costs  do  not,  of  course, 
include  the  overhead  charges. 


The  800-  and  400-ton  machines  were  heavily-  over- 
loaded and  the  continually  increasing  demands  called 
for  an  unusually  large  machine  to  relieve  the  over- 
loaded ones  and  serve  for  future  gro\vth.  Nearly  all 
the  land  the  company  owned  was  already  occupied,  so  a 
1000-ton  machine  was  decided  on  to  occupy  the  engine- 
room  space  available  after  moving  a  large  brine  pump. 
Many  of  the  compressor  builders  were  consulted,  but  none 
cared  to  construct  the  machine  according  to  the  speci- 
fications, which  required  its  making  a  speed  of  75  r.p.m. 
This  speed  is  much  higher  than  large  compressors  are 
run ;  40  r.p.m.  is  considered  high  and  is  usually  utilized 
for  short  periods  only.  Ammonia-compressor  speed  is 
dependent  primarily  on  the  rapidity  with  which  the  am- 
monia valves  will  open  and  close  successfully;  therefore, 
the  design  of  these  valves,  to  be  taken  up  later,  is  in- 
teresting. 

When  the  specifications  were  drawn  and  all  the  draw- 
ings were  completed,  the  Farrel  Foundry  &  ^lachine  Co. 
of  Ansonia,  Conn.,  started  making  the  large  castings 
and  the  Providence  Engineering  Works  did  all  the  ma- 
chine work.  The  builders  were  required  to  work  to 
measurements  in  thousandths  of  an  inch,  "\\lierever  pos- 
sible, a  reasonable  leeway,  above  or  under  or  both,  was 
permitted.  Although  at  first  the  workmen  were  an- 
noyed by  being  held  down  to  such  narrow  limits,  they 
later  expressed  their  approval  of  the  practice  and  the 
designer  heartily  commends  the  builders  for  so  success- 
fully meeting  the  specifications.  Although  the  machine 
was  not  erected  before  being  assembled  on  its  present 
foundation,  every  part  fitted  without  alteration. 

While  the  plant's  drafting  force  consists  of  three 
draftsmen,  several  additional  men  were  obtained  from 
the  builders  to  assist  in  drawing  the  plans,  a  charge 
of  70  cents  per  hour  per  man  being  made.  Skeleton 
patterns  were  used  and,  as  they  were  ready  to  be  drawn 
from  the  molds,  the  designer  was  notified  and  visited 
the  Farrel  Foundry  &  Machine  Co.  to  inspect  the  mold 
before  the  pouring  was  done.  This  was  a  wise  precaution, 
because  if  slight  changes  in  the  mold  were  desired  the 
designer  could  instruct  the  molder  to  allow  for  slightly 
more  or  less  thickness  here  or  there.  The  molder  could 
do  most  of  this  finishing  with  a  trowel.  The  use  of 
skeleton  patterns  was  a  big  saving,  for  if  the  usual  ty])e 
patterns  had  been  used  they  would  have  cost  about  $3500 
more. 

All  yokes  are  of  openhearth  cast  steel  instead  of  cast 
iron  as  is  usual.  Ordinarily,  (  rankpins  are  made  of  com- 
paratively low-carI)on  steel  and  are  case-hardened,  but 
the  crankpins  of  tliis  machine  are  of  0.45  carbon  steel, 
annealed. 

Experience  with  botii  of  the.  other  niadiines — they  had 
l)edplates  of  usual  weight  and  strength  for  all  stresses- 
])roved  that  they  were  insufficiently  reinforced  trans- 
versely to  be  absolutely  safe  against  fracture  under  all 
normal  conditions  of  stress  impo.'<cd  by  the  continuous 
service.    The  bed])latc  of  the  400-ton  coniprcssor,  for  ex- 
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ample,  broke  three  times  in  tlie  same  place.  namcl_y,  in 
the  middle  between  the  A-frames  and  immediately  under 
the  shaft  housing.  Now  all  bedplates,  including  that  of 
the  1000-ton  machine,  are  reinforced  about  three  times 
as  much  as  in  common  practice,  for  a  fractured  bedplate 
is  serious  and  long  shutdowns  here  are  out  of  the  ques- 
tion. It  was  uear  the  end  of  a  busy  season  when  the  bed- 
plate of  the  400-tou  machine  last  let  go.  Only  the  t^vo 
machines  were  available  then,  for  the  1000-ton  compres- 
sor liad  not  then  been  built.  It  was  dangerous  to  run  this 
already  overloaded  machine  in  this  condition,  but  the 
e.xiijencies  of  the  service  demanded  that  it  be  done  for 
weeks  or  until  the  load  dropped. 

These  were  not  the  only  fractures  in  this  plant,  and 
experience  here  and  in  other  places  leads  one  to  conclude, 
notwithstanding  all  that  has  been  said  and  done  about 
it,  that  designers  would  do  well  to  continue  giving  more 
consideration  to  the  effects  of  fatigue  in  paris  of  ma- 
chines in  nearly  constant  service  or  likely  to  experience 
such  service,  and  make  greater  allowances  for  it. 

FiXE-PlTdl     TlIIiEAUS     FOE    PiSTOX     RoDS     AND     OtIIKK 

Paets 

United  States  standard  screws  have  eight  threads  to 
the  inch  for  a  1-in.  diameter  screw,  4%  for  a  2-in. ; 
31/2  for  a  3-in. ;  3  for  a  4-in. ;  314  for  a  5-in. ;  and  2Vi 
for  a  6-in.  Engine  builders,  however,  usually  use  threads 
of  a  little  finer  pitch  for  such  parts  as  piston  rods, 
plunger  rods,  etc. 

Here  again  experience  showed  the  necessit)'  of  going 
common  practice  one  better  if  accidents  and  shutdowns 
due  to  piston  rods  backing  out  of  the  crossheads  were  to 
be  made  remotely  possible.  The  threads  must  be  of  a 
much  finer  pitch  so  that  after  a  nut  was  set  up  and  driven 
home  with  a  hammer  blow  on  the  wrench,  it  would  stay 
tight.  The  piston  rods  of  the  new  compressor  were  given 
threads  of  finer  than  usual  pitch — the  Gi^-in.  rod  ha\ing 
6-in.  threads  to  the  inch — and,  as  the  rods  in  the  other 
machines  are  renewed  they  too  will  be  so  threaded. 

As  an  additional  safeguard  against  rods  backing  out, 
a  screw  with  a  large  roimd  head  is  put  into  the  piston 
rod  near  the  erosshead  after  the  rod  has  been  screwed  in 
as  tightly  as  possible.  The  engineers  and  oilers  are  in- 
structed to  watch  and  feel  these  screws  as  they  make 
their  regular  rounds.  If  the  head  of  the  screw  is  above 
or  below  a  horizontal  line  through  the  center  of  the  rod, 
the  attendants  know  that  the  rod  is  backing  off  or  screw- 
ing in.  Soft-steel  washers  are  used  imder  all  nuts  such 
as  those  for  the  foundation,  frame  and  flywheel  bolts.  To 
avoid  troubles  due  to  the  expansion  of  foundation  bolts 
of  unequal  lengths,  which  sometimes  puts  serious  stresses 
on  parts  of  the  bedplate,  ^Ir.  Fairbanks  provided  for 
bolts  of  equal  length. 

Main   Bearing   Shells   Bored   in    Position 

After  the  bedplates  were  erected,  the  foundation 
grouted  and  the  cement  thoroughly  set,  the  bedplates 
were  pulled  into  position  by  56  foundation  bolts,  each 
of  3  in.  diameter  and  14  ft.  long.  The  jaws  carrying 
the  main  bearing  shells  were  next  bored  in  position  with 
a  bar  to  insure  perfect  alignment  of  the  shells.  The  speci- 
fications called  for  a  deviation  of  not  over  0.002  in. 
[Micrometer  measurements  showed  that  there  was  a  de- 
viation of  only  seven-eighths  of  0.001  in.  All  bearings 
are  of  specified  bronze  with  diagonal  babbitt  inserts  in 


the  larger  ones.  Tlie  takeups  are  of  the  draw- wedge 
type,  with  double  capscrew  lock.  There  are  1.")  tons  of 
bronze  in  these  bearings. 

Jack  undeh  Flywheels  to  Lift  Shaj'T 

Everyone  who  has  had  to  stop  an  engine  because  of  a 
liot  main  bearing  and  scrape  and  fuss  with  the  bearing 
before  the  machine  could  be  put  back  in  service,  knows 
that  considerable  delay  is  occasioned.  To  avoid  this  at 
the  Sargent's  ^liarf  plant  the  bearing  shells  are  in  du- 
plicate and  turned  within  0.002  in.  of  each  other.  Should 
a  hot  bearing  fail  to  be  cooled  by  even  refrigeration- 
]ilant  methods,  and  a  sjmtdown  results,  the  bearing  caps 
may  be  removed  and  the  shaft  and  connected  parts  rai.sed 
hx  permanently  located  hydraulic  jacks,  one  under  each 
of  the  two  flywheels.  The  hot  brasses  may  then  be  lifted 
out  and  cool  ones  inserted. 

Tliese  jacks  are,  of  course,  a  convenience  and  undoubt- 
edly save  time,  but  on  account  of  the  size  of  the  machine 
it  would  take  about  four  hours  to  remove  all  caps,  re- 
))lace  the  hot  with  cool  shells  and  get  the  machine  back 
into  .service.  Here  is  where  the  deflection  of  the  main 
shaft  proves  valuable. 

Deflection  of  the  Main  Shaft 

This  shaft  is  24  in.  in  diameter  by  26  ft.  long,  has  a 
T-in.  hole  through  the  center  and  is  of  0.45  carbon,  fluid- 
compressed,  openhearth  steel  with  a  tensile  strength  of 
90,000  lb.  per  sq.in.  While  meaeuring  the  deflection  of 
the  shaft  with  disk  micrometefs,  a  valuable  discovery 
was  made.  (Bear  in  mind  that  it  would  require  about 
four  hours  to  put  new  brasses  in  a  bearing.)  Wliile 
measuring  the  deflection  between  No.  3  bearing  and  No. 
4,  or  the  outboard  bearing  (the  jack  or  load  on  the  shaft 
being  applied  at  No.  4),  it  was  found  that  the  microm- 
eter at  No.  4  showed  a  deflection  of  0.019  in.  before  the 
instrument  at  No.  2  began  to  show  any  deflection,  but 
0.011  in.  deflection  liberated  the  bearing  shells.  So,  if 
ever  it  becomes  necessary  to  quickly  put  new  brasses  in 
either  of  the  outboard  bearings,  the  cap  of  the  affected 
bearing  only  need  be  lifted  and  the  shaft  raised  with  a 
jack  until  the  brasses  are  free  to  be  pulled  out.  Although 
there  is  considerable  deflection  between  two  bearings,  it 
might  be  foimd  that  when  the  brasses  were  hot  they  could 
not  be  relieved  by  the  jack  until  the  cap  on  the  next  bear- 
ing was  loosened  a  trifle,  but  this  would  occasion  no  ap- 
preciable delay. 

^Iachine  Two   Side-Chank   Engines   if   Center 
Crankpin  Breaks 

The  cranks  are  of  0.35  carbon  openhearth  cast  steel  and 
the  connecting-rods  of  0.45  carbon  openhearth  forged 
steel ;  the  crankpins  also  are  0.45  carbon  steel  annealed. 
Tlie  center  crankpiu  (the  compressor  has  three  vertical 
ammonia  cylinders  and  two  horizontal  steam  cylin- 
ders) has  a  groove  %  in.  wide  by  14  ^-  deep  in 
the  circumference  of  the  pin  midway  between  the 
cranks.  In  case  of  serious  stress  from  any  abnormal  con- 
dition, the  pin  would  presumably  break  in  the  groove, 
thus  leaving  the  two  sections  of  the  pin  in  their  respective 
cranks,  and  allowing  the  compressor  to  be  run  as  two 
side-crank  engines. 

The  next  and  third  article 'of  the  series  deals  with 
many  other  points  of  interest  about  the  1000-ton  com- 
pressor. 
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SYNOPSIS— Chief  Teller,  fulluwimj    the   discussion  of 
Ihc  barometer,  gives  Will  a  line  on  the  manometer. 

"The  other  (k_Y,  Will,  we  discussed  the  barometer. 
'I'iiere  is  another  meter  which  is  equally  interesting,  called 
the  manometer,  or,  more  familiarly,  a  pressure  gage." 

"Gee,  Chief,  a  manometer  must  be  a  gage  with  a  col- 
lege education  to  have  a  name  like  that.'"' 

"After  all,  sou,  in  its  simijlest  form  it  is  just  a  U-tube 
with  any  liquid  inside — iisually  water  for  low  pressures 
and  mercury  for  higher.  With  the  U-tube  partly  filled, 
any  pressure  exerted  on  one  side  will  depress  the  liquid 
in  tliat  side  and  drive  it  up  in  the  other.  Don't  you  re- 
member? We  used  it  in  the  discussion  of  heating  piping 
some  time  ago"  (p.  51,  July  14). 

"You  are  familiar  with  draft  and  blower  gages  having 
water  in  them,  so  we  will  ]3ass  to  the  mercury  tube  and 
see  what  may  be  learned  from  it. 

"To  begin  with,  if  we  put  mercury  into  a  rather  long 
U-tube  and  connect  one  side  to  a  boiler  or  other  source 
of  pressure,  the  mercury  will  be  depressed  in  one  side 
and  driven  up  in  the  other.  You  will  remember  that  a 
column  of  mercury  30  in.  high,  at  the  level  of  the  sea  and 
under  ordinary  atmospheric  conditions,  will  exert  a  pres- 
sure of  1 1.T  lb.  Therefore,  the  difference  in  the  level  of 
the  mercury  in  the  two  sides  of  the  U-tube  indicates  the 
pressure  being  exerted  on  the  one  side  moi'e  than  on 
the  other.  This  difference  in  tlie  level  in  inches,  Fig.  1, 
multiplied  liy  0.49001  or  nnilitplied  by  14.7  and  divided 
by  30,  is  resolved  into  pounds  pressure.  Or,  as  our 
foreign  friends  often  express  it,  each  ;>0  in.  equals  so 
many  atmospheres,  plus  one,  for  there  is  nlways  one 
atmosphere  acting  on  the  open  side.  This  runiishes 
an  accurate  nicfliod  of  testing  steam  gages  and  indicator 
springs,  bnt,  in  this  case  again,  we  must  consult  the  ba- 
lonietcr. 

"Another  form  of  manometer  has  the  tube  closed  at 
th(!  top  and  as  the  mercury  rises  in  that  side  it  compresses 
the  air  in  tlic  tnlie.  Therefore,  it  does  not  require  such 
a  higii  column  of  mercury.  Tiu^  air  trapped  in  the  tube 
follows  a  definite  law,  known  as  Boyle's  or  I\Iariotte's  law, 
which  is  expressed  by  the  P  X  V  =  C  formula.  Get 
this  formula  (i.xed  in  your  mind,  Will:  T  got  started  on 
this  subject  for  that  purpose.  This  law  enters  into  the 
study  of  the  action  of  steam  in  an  engine  cylinder  or  of 
air  in  a  compressor — in  fact,  it  is  one  of  the  laws  most 
frequently  met  with  in  the  study  of  gases  under  pres- 
sure." 

"What  does  tills  law  mean.  Chief,  and  how  was  it  es- 
tablished." 

"In  Uifi2,  Tiiibcrt  F>oyle,  an  Hnglish  physicist,  ami,  in- 
dependently, in  lii^!),  Hdiiie  .Mariotte  in  France  made 
experiments  and  came  to  the  same  conclusions:  namely, 
The  temperature  remaining  the  same,  the  volume  of  a 
'i\('n  quantity  of  gas  is  inversely  as  the  pressure  it  bears." 
There  are  slight  variations  at  extreme  |}ressures  and  with 
ilifferent  gases,  but  for  practical  purposes  they  need  not 
b(^  considered. 

"The  law  is  known  in  I'^ngland  as  I'xiyle's  Law  and  on 
tlie  Continent  as  Mariotte's  Law;  in  this  c(uintry  by 
either  or  both  names. 


"It  means  that  when  a  given  volume  of  gas  is  com- 
in-essed  into  a  space  of  one-half  the  volume  and  the  tem- 
perature is  kept  the  same  as  before,  it  will  have  double 
the  pressure  it  had  at  first,  or,  if  allowed  to  occupy  xloubk 
the  space,  it  will  have  only  one-half  the  original  pressure. 
The  temperature  remains  the  same,  remember.  If,  one 
at  a  time,  such  facts  can  be  made  to  stick  like  a  burr, 
it  won't  be  lost  nor  will  the  time  be  ill  spent." 

"But,  Chief,  do  not  air  and  all  other  gases  get  more 
heat  when  compressed  ?" 

"The  heat  of  compression  you  refer  to  is  not  th&t  the 
gas  gets  more  heat  than  it  had,  but  that  the  total  heat, 
of  a  cubic  foot  for  example,  is  compressed  into  a  much 
smaller  space.  That  is  a  subject  we  will  talk  about  some 
other  time,  not  to  get  off  this  present  one.  In  this  ex- 
periment the  heat  incidental  to  compression  must  be  re- 
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moved  and  the  temperature  l)i-ought  to  the  same  degree. 
The   illustration   will   give  you   the  story.   (Fig.   2.) 

"The  short  end  of  the  tube  is  closed  ami  the  other  is 
open.  Willi  jiisl  enough  mercury  pourecl  in  to  fill  the 
tube  at  the  bend,  it  is  evident  that  the  air  in  the  short 
side  will  be  at  the  same  pressure  as  the  other — 14.7  lb., 
or  one  atmos])here — and  the  mercury  will  be  at  the  same 
level  in  both.  If,  however,  more  mercury  is  poured  into 
the  long  tube  it  cannot  rise  in  the  short  tube  except  as  it 
coni|)n'sses  the  air  somewhat.  If  we  continue  to  j)our 
in  mercury  until  there  is  a  dilTerence  of  30  iu.  between 
th(!  heights  of  the  mercury  in  the  two  sides,  it  will  be 
found  that  the  nu'rcury  in  the  shoit  tube  has  risen  half- 
way between  the  first  nuirk  and  the  toi)  of  the  short 
tube.     Therefore,  as  tlic  air  in   tiie  short  tube  is  sus- 
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tiiiuini;-  an  unbalanced  coliunn  of  mercury  30  in.  liigh,  it 
has  a  pressure  of  14.7  lb.  above  the  atmosphere,  or  two 
atmospheres  in  all,  and  it  occupies  a  space  just  one-half 
as  great  as  originally."  (Fig.  3.) 

"Will  the  space  the  air  occupies  iDe  reduced  oue-half 
again  if  30  in.  more  of  mercury  is  poured  in?" 

"ISTo,  Will,  whatever  pressure  there  may  be  on  the  air 
must  be  doubled  m  order  to  compress  the  air  into  one- 
half  the  space.  Therefore,  to  get  it  compressed  into  one- 
half  the  space  and  have  the  pressure  consequently  doubled, 
it  is  necessary  to  put  in  twice  the  height  of  mercury  next 
time — that  is,  60  in.  more,  making  90  in  all,  above  the 
level  in  the  short  tube  (not  above  the  original  level). 

"You  see,  the  air  will  occupy  a  fourth  of  the  original 


space  and  have  four  times  the  pressure,  or  four  atmos- 
pheres, three  of  which  will  be  due  to  the  90-in.  head  of 
mercury  and  the  fourth  to  the  air  pressure  on  top  of  it 
in  the  long  open  tube.  So,  this  is  the  P  X  ^^  =  C  for- 
mula, which  is  the  short  statement  of  this  law, 
where  P  =  pressure,  V  =  volume  and  C  is  the  con- 
stant quotient  when  the  two  variables  are  multiplied  to- 
gether. The  same  law  applies  to  the  expansion  of  gas,  so 
if  the  space  or  volume  be  increased  the  pressure  will  be 
reduced  as  a  result.  For  an  every-day  example,  take  the 
expansion  of  steam  in  the  engine  cylinder  after  cutoff  and 
in  the  other  way  to  the  air  in  the  compressor  cylinder. 
At  some  future  time  we  will  take  up  the  application  of 
this  law  to  our  own  plant." 
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By  Hexky  D.  Jai  kson 


SYXOPSIS — An  arialii-sis  of  central -station  costs,  show- 
ing that  while  the  actual  switchboard  cost  is  low,  the  over- 
head charges,  losses  and  distribution  expense  bring  the 
total  cost  far  above  thai  in  the  isolated  plant,  providing 
the  latter  is  operated  efficiently. 

At  a  gathering  of  engineers  recently,  one  said  that  the 
time  was  coming  when  every  large  city  would  have  but 
one  central  plant  for  heat  and  power.  He  based  his  ar- 
gument on  the  value  of  concentration  as  regards  the  cost 
of  generation  and  distribution  of  power. 

That  such  is  the  trend  so  long  as  the  central  stations 
are  controlled  as  at  present,  cannot  be  denied;  but  that 
such  is  not  the  logical  trend  if  such  plants  are  regu- 
lated for  the  benefit  of  the  people  at  large  and  not  for  the 
few,  the  writer  believes,  cannot  be  denied. 

The  large  central  plants  can  and  do  produce  power  at 
the  switchboard  at  prices  below  that  attainable  by  most  of 
the  isolated  plants  vmder  the  present  system  of  construc- 
tion and  operation.  This  is  due  to  a  number  of  things 
among  which  are : 

1.  The  generating  units  are  large  and  designed  for  the 
most  efficient  operation. 

3.     Careful  operating  methods  are  employed. 

3.  There  is  every  refinement  in  the  plant  to  gain  low 
operating  cost. 

4.  The  boiler  room  is  carefully  watched  and  every 
step  is  taken  to  secure  the  utmost  results  from  the  coal. 

All  of  these  result  in  very  low  operating  costs  and. 
therefore,  in  a  low  cost  of  power  at  the  switchboard; 
but  many  of  them  add  largely  to  the  fixed  charges,  which 
must  not  be  lost  sight  of. 

Few  of  these  refinements  are  worth  while  in  an  isolated 
plant.  The  size  of  the  unit  is  dependent  on  the  power 
required  and,  to  a  certain  extent,  the  economy  of  oper- 
ation may  have  to  be  sacrificed  somewhat.  This  de- 
pends largely  on  the  conditions,  which  often  call  for  a 
comparatively  inefficient  unit,  so  far  as  steam  consump- 
tion is  concerned,  owing  to  the  value  of  the  exhaust  steam 
for  other  purposes.  Therefore,  it  is  often  advisable  to 
purchase  a  moderate-priced  \xnit,  inefficient  in  steam,  but 
efficient  as  concerns  the  whole  plant,  owing  to  the  reduc- 
tion in  fixed  charges. 

As  for  operating  methods,  there  is  no  reason  why  a 


small  plant  should  not  be  P"?  carefully  operated  as  a 
large  one.  Kefinements  of  this  nat^ir^  can  be  made  in 
an  isolated  plant  just  as  well,  providing  they  are  war- 
ranted by  the  resultant  gain.  It  is  in  the  boiler  rocr'-; 
where  most  of  the  isolated  plants  fall  down  and  where 
the  greatest  gain  can  be  made  by  proper  supervisioii.  The 
cost  of  coal  is  about  one-half  the  total  cost  of  power  at 
the  switchboard,  even  in  the  large  plants,  and  this  may 
reach  a  large  proportion  of  the  ujtal  costs  in  other  plants. 

The  coal  that  is  wasted  in  the  majority  of  isolated 
plants  is  astonishing.  It  is  not  uncommon  to  find  plants 
using  high-grade  coal,  ranging  from  13,500  to  14,000 
B.t.u.,  with  an  evaporation  in  the  neighborhood  of  six 
pounds,  even  with  hot  feed  water.  This  vmquestionalDly 
results  from  improper  firing,  a  poor  condition  of  the 
boilers,  and  possibly  such  causes  as  poor  boiler  settings. 
By  far  the  greater  cause  is  that  no  steps  are  taken  to 
measure  the  water  fed  or  to  weigh  the  coal ;  hence,  neither 
the  fireman,  engineer,  nor  owner  has  any  idea  from  day 
to  day  as  to  what  the  boilers  are  doing.  The  only  thing 
the  owner  knows  is  that  his  coal  bills  are  steadily  going 
up,  although  th'j  plant  output  may  be  holding  constant. 
Arguments  by  the  engineer  or  fireman  for  the  installation 
of  scales  and  meters  are  frequently  of  no  avail.  These 
cost  money,  and  the  owner  either  cannot  or  will  not  see 
that  money  spent  here  will  return  larger  dividends  than 
that  spent  in  almost  any  other  part  of  the  plant. 

Central  stations,  on  the  3ther  hand,  in  order  to  obtain 
low  production  costs;  install  meters  and  scales  wherever 
they  will  show  valuable  results,  and  recording  or  indicat- 
ing devices  to  show  the  condition  of  the  furnaces  and  what 
the  boiievs  are  doing;  until  at  present  the  fireman  has  at 
his  service  far  more  devices  to  show  what  is  going  on 
than  the  engineer.    This  is  economy. 

Unless  the  boilers  are  kept  clean,  there  will  be  an  in- 
crease in  the  coal  necessary  to  evaporate  the  water ;  unless 
the  coal  is  properly  fired,  much  will  be  wasted ;  unless  the 
dampers  are  properly  regulated,  a  large  part  of  the  heat 
will  go  up  the  stack  or  much  of  the  coal  will  not  be  com- 
pletely burned ;  and  unless  the  feed  water  is  properly  reg- 
ulated, the  steam  pressure  will  fluctuate.  Therefore,  it 
will  be  seen  that  the  fireman,  who  is  poorly  paid  as  com- 
pared to  the  engineer,  is  responsible  for  far  more  value 
than  is  the  latter  for  he  can  in  many  cases  waste  more 
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than  his  wages  every  day  without  its  being  apparent,  un- 
less adequate  records  are  kept. 

In  most  plants,  it  may  not  bo  necessary  to  install  all, 
or  even  a  small  part,  of  the  boiler-room  devices  available; 
but  meters  to  measure  the  water,  scales  to  weigh  the  ooal, 
thermometers  to  determine  the  temperature  of  the  feed 
water,  and  feed-water  purifiers,  in  case  the  water  is  bad, 
are  essential  features  for  economical  results.  In  addition, 
CO,  recorders  and  steam-flow  meters  are  valuable  ad- 
juncts and  will  help  to  keep  down  the  costs.  Every  big 
]ilant  has  these  devices,  and  every  day  more  of  them  are 
being  used  in  the  smaller  plants. 

'Consider,  for  instance,  a  600-hp.  ])laut  utilizing  15,000 
lb.  of  steam  per  hour  in  a  10-hr.  day,  with  an  evaporation 
of  10  lb.  This  would  represent  15,000  lb.  or  71/2  short 
tons  of  coal  per  day.  At  an  evaporation  of  5  lb.,  it  vi^ill 
represent  15  tons  per  day.  With  the  c^oal  costing  $4  a 
ton,  an  evaporation  of  10  Hi.  would  represent  $30  per 
day  against  $60  with  an  evaporation  of  5  lb.  This  is  an 
extreme  case,  to  be  sure,  but  it  illustrates  to  a  marked  ex- 
tent what  is  often  done  as  compared  to  what  might  be  at- 
tained. The  difference  of  $30  in  one  day  will  go  a  long 
way  toward  paying  the  interest  on  the  devices  necessary 
for  measuring  the  water  in  an  isolated  plant  of  500  hp. 
and  every  other  day  will  pay  a  large  dividend  on  the  in- 
vestment, part  of  which  could  well  be  spent  as  a  bonus 
to  the  fireman  for  keeping  up  the  good  work. 

One  might  be  led  to  ask:  What  has  this  to  dd  with 
the  central  stations?  Tt  has  this  to  do  with  them.  Cen- 
tral station.s,  as  a  rule,  could  not  compete  with  isolated 
plants  if  the  plant  owners  would  attempt  to  operate  their 
l>lants  as  the  central  stations  are  run.  If  the  plant  own- 
ers would  put  the  same  amount  of  energy  ancl  care  into 
operating  their  plants  that  they  put  into  the  operation 
of  other  departments  of  their  factories,  there  need  be  no 
fear  of  central-station  competition. 

Attention  has  been  called  to  the  cost,  of  coal  as  approx- 
imately one-half  that  of  power  at  the  central-station 
switchboard,  and  for  this  reason  the  managements  have 
put  an  enormous  amount  of  energy  and  money  into  reduc- 
ing their  coal  bills.  It  might  be  equally  instructive  if  at- 
tention were  called  to  the  fact  that  the  cost  of  ])ower  at  the 
central-station  switchboard  is  but  a  small  item  in  the  total 
cost  of  power  as  delivered  to  the  customer,  for  the  cen- 
tral station,  owing  to  its  high  investment,  has  exceedingly 
heavy  fixed  charges. 

It  is  a  common  belief  that  in  central  stations  the  in- 
ve.stnient  per  kilowatt  of  capacity  is  low.  owing  to  the 
large  units.  Many  large  central  stations  carry  their  plant 
values  on  tiieir  books,  exclusive  of  real  estate,  at  approxi- 
mately $110  per  kilowatt.  This  is  far  higher  than  would 
be  the  cost  of  a  moderate-sized  isolated  plant,  including 
the  real  estate  and  building,  which  can  be  installed  for 
aljout  $100  per  kilowatt,  witii  every  refinement  necessary 
or  desirable  for  the  most  efficient  operation.  Thus,  the 
lixcd  charges  on  the  central  station  should  lie  as  heavy 
and,  in  fact,  heavier  than  those  of  the  isolated  jilant  ])er 
kilowatt  of  installation;  and  as  the  central-station  units 
run  but  a  comparatively  .short  time  at  full  load,  the  actual 
fixed  charges  ])er  kilowatt-hour  are  far  greater  than  in  the 
cas(!  of  the  average  isolated  plant.  This  covers  only  the 
power  plant.  In  the  isolat(;d  ])lant,  the  fixed  charges 
cea.sc  here.  In  the  case  of  the  central  station,  however, 
lliere  must  be  added  the  fixed  charges  on  ofTi<-f  buildings, 
transmission  line.s,  transformers  for  distributing,  meters 


for  recording,  and  other  incidental  apparatus  required 
for  carrying  on  the  business.  Thus,  the  fixed  charges  be- 
come a  large  item  in  the  cost  of  power  as  delivered. 

The  power  when  it  reaches  the  isolated-plant  switch- 
board has  readied  the  end  of  its  cost,  for,  in  comparing 
its  cost  with  that  of  purchased  power,  it  is  at  this  point 
that  the  central-station  power  charge  begins.  In  the  case 
of  the  central  station,  however,  when  the  power  has 
reached  the  switchboard,  its  cost  has  but  just  begun. 
This  power  must  be  distributed,  and  many  times  it  has 
to  be  carried  miles  before  it  reaches  the  customer.  There 
is  a  heavy  loss  over  these  lines,  also  in  the  transformers 
and  meters,  and  the  plant  itself  uses  a  large  amount  of 
power  for  advertising  and  other  purposes;  so  that  the 
power  actually  delivered  to  the  customers  ranges  from 
70  to  75  per  cent,  of  the  power  generated  at  the  station. 
Thus,  the  power  cost  at  the  station  must  be  increased  by 
the  time  it  arrives  at  the  consumers'  premises  by  25  to 
30  per  cent.,  in  order  that  it  may  cover  the  actual  cost 
to  the  central  station.  This  is  for  line  or  transmission 
losses  alone. 

The  transmission  lines  must  be  added  to  from  time  to 
time,  and  replaced  and  maintained,  which  is  expensive. 
The  general  handling  of  the  business  details  of  the  cen- 
tral station  is  also  expensive,  for  the  meters  must  be  read, 
their  readings  returned  to  the  office,  checked,  the  cost 
made  out  and  bills  rendered  and  collected;  the  plant  or 
plants  must  be  supervised,  the  officers'  salaries  must  be 
paid,  and  all  the  details  of  a  large  office  and  engineering 
organization  have  to  be  accounted.  Jloreover,  a  central 
station  must  pay  taxes,  as  any  other  business.  In  addi- 
tion, there  are  a  number  of  incidentals  not  enumerated, 
together  with  interest  on  the  investment,  covering  the 
plant,  real  estate,  lines  and  all  the  apparatus  necessary 
for  the  carrying  on  of  a  central-station  business.  These 
items,  based  on  a  kilowatt  of  output,  are  invariably  sev- 
eral times  the  actual  switchboard  cost.  On  an  average, 
the  cost  at  the  switchboard  will  be  about  one-sixth  that 
as  actually  delivered  to  the  customer.  This  being  the  case, 
it  is  hard  to  see  wherein  a  central  station  can  compete 
with  an  isolated  plant  if  the  isolated  plant  is  operated 
with  the  same  attention  to  detail  as  is  the  central  plant. 


The  IlritiKh  Tliornial  linit — One  B.t.u.  is  the  quantity  of  Iieat 
required  to  raise  tlie  temperature  of  one  pound  of  water  one 
deg^ree.  As  a  gaUon  of  water  weiglis  SJ  lb.,  it  requires  8,\ 
B.t.u.  to  raise  tlie  temperature  of  one  gallon  one  deprree,  or 
1C§  B.t.u.   to  raise  tlie  temperature  two  deKrees,  and  so  on. 

Thus,  when  a  given  coal  Is  said  to  have  a  heat  value  of 
]3,,S00  B.t.u.  per  lb.,  it  is  meant  that  if  all  the  heat  caused 
by  the  complete  combustion  of  one  pound  of  that  coal  could 
be  transmitted  to  13,800  lb,  of  water  It  would  raise  the  tem- 
perature of  that  water  one  degree.  Or,  if  all  the  heat  could 
be  transmitted  to,  say  13S  lb.  of  water,  it  would  raise  the 
temperature    of   that    water   just    100   deg.,    because 

138  X  100  ==  13.S00 
Tlu;  pounds  of  water  heated  multiplied  by  the  number  of 
degrees  tbo  temperature  has  been  raised  equals  the  number 
of  B.t.u.  The  standard  method  of  finding  the  heat  value  of  a 
fuel  is  to  burn  a  small  sample  of  It  in  a  tight  steel  bomb 
under  water.  The  he.at  caused  by  the  burning  of  the  samplfl 
Is  then  all  .absorbed  by  the  water  and  by  multiplying  the 
weight  of  the  water  by  its  rise  In  temperature  and  dividing 
by  the  weight  of  the  sample,  the  boat  value  of  the  coal  Is 
calculated  direct  In  B.t.u.  per  pound.  Thus,  if  we  burned  a 
small  sample  weighing  one-flve-hundredth  of  a  pound  In  a 
bomb  Immersed  in  .'i  lb.  of  water,  and  if  the  temperature  of 
that  water  increased  from,  say,  70.4  dog.  to  7.'>.92  deg.,  a 
rise  of  5.52  deg.,  the  heat  value  of  the  coal  would  be 
5  X  5.52 

=   13,800  B.t.u.  per  lb. 
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Con>:isting  of  a  set  of  hollow  grate  bars,  a  forced-draft 
outfit  and  galvauized-iron  diicts  couneoting  the  fan  with 
the  ashpit,  the  Nicholson  furnace  has  been  recently 
placed  on  the  market  to  increase  the  capacity-  and  effici- 
ency of  a  boiler  over  results  obtained  with  natural  draft 
and  hand-firing.  It  is  especially  adapted  to  bum  slack 
and  cheap  grades  of  coal  efficiently,  due  to  the  thorough 
mixing  of  the  air  with  the  products  of  combustion. 


at  the  bottom  there  is  little  tendency  to  clog.  The  pro- 
portions of  the  bar  and  the  hollow  construction  present 
a  large  cooling  surface  to  the  air,  which  tends  to  keep 
the  grates  cool  and  prevents  clinkering. 

The  fan  is  located  centrally  with  a  flue  to  each  ash- 
pit. The  speed  of  the  fan  may  be  controlled  by  the  throt- 
tle, or  automatically,  and  a  damper  in  each  flue  permits 
individual  adjustment. 

On  tests  made  on  a  horizontal  tubular  lioiler  and  Nich- 
olson furnace  at  the  Rock  Island  water-works,  the  results 


Fiu.  1.     XicHOLsoN  Grate  Baes 

The  grates  are  hollow  cast-iron  bars  of  the  general 
shape  indicated  in  Figs.  1  and  2  and  are  made  in  sizes 
to  fit  the  furnace.  The  depth  of  the  bar  is  about  6  in., 
the  width  varies  from  8  to  9  in.  and  the  length  is  decided 
by  the  furnace.  As  no  change  in  setting  is  necessarv',  the 
grate  may  be  easily  adapted  to  old  boiler  plants.  As 
shown  in  Fig.  3,  the  grates  are  placed  side  by  side  on  the 
rest  bars  of  the  former  furnace  or  on  the  bars  of  a  new 
installation.  A  mixture  of  fireclay  and  cement  is  filled 
in  between  the  bars  and  around  the  sides  so  that  no  air 
can  enter  the  furnace  except  through  the  circular  and 


Fig.  2.     Bottom  of  Bae 

given  in  the  accompanying  table  were  obtained  with  in- 
ferior grades  of  coal.  The  maker  of  the  furnace  is  the 
Improved  Combustion  Co.,  445  Peoples  Gas  Building, 
Chicago,  111. 

D.\TA   AND    RESULTS    OF    EVAPORATIVE    TESTS 
, Kind   of  Fuel- 


FiG.  3.     Bai!s  Placed  ix  Fukxace 

radial  slots  shown.  These  slots  are  all  cut  at  an  angle 
so  that  the  air  is  thoroughly  diffused  and  forced  to  every 
pari  of  the  fuel  bed.  The  jets  of  air  meet  and  mix  with 
the  fuel  gases  instead  of  passing  directly  upward  through 
the  fuel  bed.  The  air  space  forms  only  8  to  10  per  cent, 
of  the  grate  surface,  but  an  air  pressure  of  %  to  1  in. 
of  water  in  a  sealed  ashpit  insures  the  passage  of  suf- 
ficient air  through  the  slots  to  burn  the  coal.  Due  to 
the  design  of  the  bottom  of  the  bar  and  the  restricted 
openings,  an  equal  distribution  of  air  over  the  whole 
grate  surface  is  insured. 

As  the  slots  are  at  au  angle,  and  narrow  at  the  top, 
it  is  difficult  for  small  particles  of  coal  to  fall  through 
against  the  air  pressure,  and  as  the  openings  are  larger 


(2)  Matherville 
(1)  Fi-anklin      (Mercer  Co.) 


29S0 

109.6 

16.2 

60 

14S.6 

Cora- 
)ry        bus- 


Duration  of  trial,  hr 10 

Grate   surface,    sq.ft 58 

Water    heating    surface,    sq.ft 2980 

Av.  corrected  steam   pressure,  lb..  109.4 

Av.    temp,    of   external   air,    deg.    F.  3.5 

Av.  temp,   of  fireroom    59 

Av.   temp,   of   feed   water,   deg.    F..  150.8 

Corn- 
Dry        bus- 
Prox.  analysis  of  coal —  .Coal        tible       Coal       till 

Fixed    carbon,    per    cent 52.8         60.9  37.1  5C 

Volatile    matter,     per    cent 34.05       38.1  36.9  4i 

Total    moisture,    per   cent 9.0  12.5 

Ash   "dry  coal,"    per   cent 13.15  25.0 

Sulphur   "as   received,"    per    cent...      l.J  6.0 

Dry    coal    per    sq.ft.    grate    surface 

per    hr.,    lb 10.5S  12.9 

Calorific  value  bv  Parr  calorimeter 

"dry   coal,"    B.t.u 12,247  10,216 

Horsepower    developed    162  172 

Builders'  rated  horsepower 300  300 

Water   evap.   per  lb.   of  coal    under 

actual    conditions,    lb 7.5  6.26 

Equiv.   evap.   f.    and    a.    212   deg.   F. 

per  lb.  of  wet  coal,  lb 8.3  6.95 

Equiv.    evap.    f.    and   a.    212   deg.    F. 

per  lb.  of  dry  coal,  lb 9.13  7.95 

Equiv.   evap.    f.    and   a.    212   deg.    F. 

per   lb.   of   combustible,   lb 10.5  10.60 

Efficiency    of    boiler,    per    cent 72.0  75.0 

Cost  of  coal    per   ton   delivered....  $1.97.".  ?1.40 

Cost  of  fuel  used  for  evap.  1000  lb. 

of  water  f.  and  a.   212   deg.    F...  $0.1186  $0,100 


Nitrogeii  Lamps  Under  Varying  Voltage — An  experiment 
was  performed  recently  with  a  400-watt  gas-fllled  nitrogen 
lamp  rated  at  110  volts,  for  the  purpose  of  finding  the  be- 
havior of  the  filament  when  subjected  to  low  voltages.  The 
results  were  as  follows:  Barely  red  at  9  volts;  bright  red  at 
20;  very  red  at  30;  white  at  40;  dazzling  white  at  50,  and 
blinding  white  at  110.  It  would  appear  from  this  that  the 
fluctuations  in  voltage  will  be  less  apparent  with  the  nitrogen 
lamp  than  with  the  old  style  lamps. 

The  Efficiency  of  tlie  Electric  Generator  is  the  ratio  of  the 
useful  output  to  the  total  input,  or  letting 

B   =  Total  energy  used  in  driving  the  generator; 
E'  —  Energy  available  at  terminals  of  the  machine; 
e   =  Total  losses. 


E' 
efficiency   =  —  = 


E' 


E- 


E 


E'  -1-  e 

The  efBciency  of  ordinary  alternators  varies  from  90  to 
95  per  cent.  The  losses  consist  of  windage,  bearing  and  brush 
friction,  iron  losses  and  copper  losses. 
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aril  set  of  refrigerant  regulations  applicable  in  all  cities 
and  agreeable  to  all  eoucerned. 


Ou  January  first  the  regulations  of  the  Fire  Preven- 
tion Bureau  of  the  Fire  Department  of  New  York  City 
governing  the  use  and  handling  of  refrigerants  go  into 
efleet.  These  regulations  are  printed  on  page  863  of 
this  issue. 

Engineers,  manufacturers — all-  seem  to  have  learned 
only  recently  that  the  real  solution  to  the  boiler  inspec- 
tion, specification  and  operating  problem  was  a  national 
code  such  as  was  formulated  and  approved  at  the  recent 
annual  meeting  of  the  American  Society  of  Mechanical 
Engineers.  The  rules  that  should  govern  the  local  use 
of  refrigerants  may  with  equal  benefits  be  apjsroved  by 
users  nationally. 

Escaping  ammonia  gas  is  just  as  dangerous  in  Mil- 
waukee as  in  Boston,  New  York  or  Richmond.  Yet  New 
York  and  Boston,  each  conscious  of  the  necessity  of  reg- 
ulating the  disposition  of  refrigerants,  simultaneously 
started  out  to  investigate  and  to  formulate  and  apply 
such  regulations.  Did  they  cooperate  ?  No ;  that  would 
be  too  unusual.  We  doubt  if  either  city  realized  that 
each  had  ammonia  machines  in  its  confines. 

What  is  the  result  ?  On  January  first  New  York  City 
will  p\it  into  effect  a  set  of  regulations  some  of  the  sec- 
tions of  which  are  said  to  be  objectionable  if  not  danger- 
ous. This  is  demonstrated  by  the  Massachusetts  Board 
of  Boiler  Rules  in  its  investigation  of  the  dangers  at- 
tendant upon  the  handling  of  refrigerants. 

For  e.xaniple,  section  two  of  the  New  York  regulations 
calls  for  a  pipe  to  lead  escaped  ammonia  gas  into  water 
or  to  continue  the  outlet  pipe  at  least  ten  feet  above 
adjacent  buildings.  At  the  recent  annual  meeting  of  the 
American  Society  of  Refrigerating  Engineers,  it  was 
pointed  out  that,  although  the  ^Massachusetts  Board  of 
Boiler  Rules,  assisted  by  prominent  engineers  and  pro- 
fessors of  engineering,  had  made  investigations  into  the 
disposition  of  escaped  ammonia  gas,  as  from  compressor 
lioads  and  condens-^"s  through  safety  valves  and  pijjing, 
these  authorities  were  by  no  means  satisfied  with  any 
<)(  the  methods  in  use. 

The. use  of  pop  safety  valves  for  such  service  was  con- 
demned because  they  opened  too  .suddenly,  quickly  liberat- 
ing too  mucii  gas.  A  valve  that  would  begin  to  blow 
at  about  twenty-five  pounds  below  the  pressure  at  whicli 
it  was  set  to  open  was  necessary  to  give  the  operator 
warning  timely  enough  to  allow  him  to  take  steps  to  re- 
duce the  pressure. 

Th<!re  is  need  for  uniformity  of  regulatious  for  Ihe 
handling  of  refrigerants.  Trouble  may  be  expected  when 
tlic  New  York  City  rules  are  applied. 

The  American  Society  of  Refrigerating  Engineers  lias 
not  discliargcd  its  regulations  committee.  The  American 
Society  of  Mechanical  Engineers  has  just  been  through 
the  experience  of  drawing  up  a  national  boiler  code. 
We  suggest  that  these  two  bodies,  together  with  the  allied 
interests,  confer  for  the  purpose  of  drawing  up  a  stand- 


Congress  has  recently  passed  a  jniblic  utilitii 


law  for 


the  District  of  Columbia  which  makes  it  illegal  for  any 
pidjlic  utility  to  give  discriminatory  rates.  The  Public 
Utilities  Commission  of  the  District  has  begun  an  in- 
vestigation of  certain  rates  given  by  the  Potomac  Elec- 
tric Power  Co.  which  are  lower  than  those  in  the  schedule 
submitted  to  the  commission  by  the  company. 

The  users  affected  declare  that  the  contracts,  which 
were  drawn  in  their  favor  prior  to  the  passage  of  the 
public  utilities  law,  were  made  in  good  faith  and  that 
Congress  had  no  right  to  enact  any  law  which  would 
cancel  these  contracts.  The  commission  maintains  that 
it  is  not  a  question  if  Congress  had  such  a  right,  but  if 
these  contracts  contain  discriminatory  rates. 

The  opinion  to  be  handed  down  in  this  case  will  be  of 
vital  importance  to  those  who  operate  isolated  plants  or 
who  are  contemplating  their  discontinuance  in  favor  of 
the  special  rates  offered  by  the  central  stations. 

Four  years  ago  we  had  something  to  say  about  a  per- 
petual-motion scheme,  which  was  then  being  foisted  on 
the  public  by  the  National  Mechanical  Power  Co.,  of 
1548  East  Sixty  Third  Street,  Chicago.  As  then  ex- 
plained, the  scheme  was  the  old  fallacy  of  falling  weights 
on  the  periphery  of  a  wheel,  the  weights  being  returned 
to  their  starting  place  at  a  point  on  the  wheel  less  distant 
from  the  center.  The  same  number  of  weights  is  ascend- 
ing and  descending  at  all  times  and,  due  to  the  longer 
leverage,  those  going  down  are  supposed  to  develop  excess 
energy  which  may  be  used  for  jiower  purposes. 

In  the  company's  literature  the  operation  was  explained 
as  follows:  "Each  wheel  has  two  rows  of  pockets,  the 
inner  rov/,  called  the  short  side,  and  the  outer  row,  tiic 
long  side.  The  wheel  is  made  to  revolve  by  falling  balls. 
W'iien  a  ball  has  passed  up  the  short  side  to  the  top,  it 
rolls  out  into  a  rectangular  conduit,  which  is  fast  on  the 
side  of  the  wheel,  and  rolls  down  into  the  outer  row  of 
jxickets.  After  it  has  reached  a  point  near  the  bottom 
of  the  wheel,  it  passes  through  another  conduit  back  into 
the  inner  row  of  ])ockets  and  is  elevated  to  the  starting 
jM)int,  thereby  making  the  (jravily  greater  than  the  Ipviti/." 

Of  course,  the  device  is  a  fake — and  an  old  one.  Un- 
less a  motor  is  concealed  in  the  casing,  there  is  small 
chance  of  revolving  the  wheel,  and  even  then  centrifugal 
force  may  play  an  embarrassing  part.  Notwithstanding 
these  minor  dilTiculties,  the  same  promoters,  uiuler  the 
firm  name  of  the  International  Power  Co..  have  bloosonuMl 
out  suddeidy  on  the  west  side  of  the  same  city.  This  time, 
as  an  extra  inducement  to  buy  stock,  the  company  is  ])ro- 
])osing  to  build  a  modern  seventeen-story  hotel,  which 
will   be  sn])plicd   with   |iower  and  light  by  its  "fuelless" 
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oii.iriiK'.  Also  a  couple  of  niodek  will  l>o  on  exliibitioii  in 
the  loliliv.  where  they  may  be  seen  in  daily  operation  by 
iinests  of  the  hotel  and  prospective  customers  for  stock. 

ft  ap])ears  that  the  comiwny  has  had  the  good  sense 
not  to  give  any  visual  demonstrations  o(  the  working  of 
the  machine  in  its  present  quarters.  Blueprints  are  iu 
evidence  and  a  photograph  of  the  exterior,  but  the  actual 
models,  it  is  claimed,  are  in  storage  as  the  eomjiany  wishes 
to  protect  the  spet-ial  constructive  features  it  has 
adopted.  In  this  way  it  will  have  a  monopoly  when 
the  engine  is  placed  on  the  market  and  the  dividends  to 
the  stockholders  will  be  much  greater. 

It  is  not  known  with  what  success  the  company  has  met 
in  its  recent  operations.  It  is  our  hope  that  the  returns 
have  been  small.  To  the  public  there  is  not  even  tlie 
di\ersion  of  something  new.  It  is  high  time  for  the 
proper  authorities  to  act. 
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Much  repetition  of  any  statement  will  make  it  readily 
believed.  Thus,  the  alleged  wa.stefulness  and  inefficiency 
of  the  steam  boiler  and  engine  have  been  harped  on  imtil 
now  they  are  popularly  accepted  as  just  accusations.  We 
occasionally  read,  in  a  Sunday  newspaper  or  equally  scien- 
tific publication,  an  article  worthy  of  a  recent  high-school 
graduate  to  the  effect  that  from  80  to  !).')  per  cent,  of  the 
fuel  in  ])ower  plants  is  wasted ;  in  fact,  is  thrown  away. 
The  worst  of  it  is  that  invariably  the  implication  is  that 
the  engineering  profession  is  responsible  for  allowing  this 
condition  to  exist. 

An  engineer  employed  in  the  mechanical  department  of 
a  large  factory  that  maintained  an  elaborate  system  of 
cost-keeping  was  told  by  a  cost  clerk  that  a  considerable 
sa%'ing  would  result  from  abolishing  the  power  plant.  Of 
course,  the  engineer  answered  that  abolishing  the  power 
plant  would  also  mean  abolishing  the  fac^tory  and  the 
position  of  cost  clerk. 

The  latter  had  been  discoursing  on  the  economy  of 
the  other  departments  and  then  referred  sarcastically  to 
the  power  plant's  ten  per  cent,  (or  so)  efficiency  in  the 
matter  of  extracting  energj^  from  coal.  Explaining  that 
the  energy  in  coal  was  not  all  available  or  possible  of 
utilization,  and  that  the  oft-repeated  charge  of  wasteful- 
ness was  unfair  to  the  power  plant,  was  useless,  naturally, 
for  any  man  that  can  believe  the  contrary  knows  too  little 
about  mechanical  things  to  be  able  to  understand. 

In  the  scheme  of  cost  keeping  at  this  plant  (in  others 
as  well)  the  power  plant  was  regarded  as  an  "expense"; 
it  did  not  directly  produce  any  of  the  finished  products  of 
the  factory  and  consequently  it  was  an  evil,  although 
a  necessary  one.  This  feeling  is  often  evidenced  by  the 
attitude  of  those  in  the  manufacturing  departments 
toward  the  engineer.  It  does  not  occur  to  the  cost  depart- 
ment to  look  at  it  in  the  light  that  the  engineer  manu- 
factures steam  for  heating  and  electricity  for  power  and 
light,  from  the  raw  materials,  coal  and  water;  hence  is 
to  be  classed  as  a  producer.  This  feeling  toward  the 
power  department  sometimes  extends  to  the  manager,  who 
oi'teu  refuses  needed  improvements  in  the  power  plant  on 
the  ground  that  the  "expense"  must  be  kept  down. 

If  the  power  plants  of  manufacturing  establishments 
are  an  expense,  they  will  probably  continue  so  until  some 
clerk  or  bookkeeper  succeeds  in  making  an  operative  "per- 
petual-motion" machine. 


It  lias  long  been  customary  to  regard  municipal  engi- 
neering as  the  ]iarticular  province  of  the  civil  engineer; 
only  lately  has  the  important  role  of  the  mechanical  and 
electrical  engineer  in  such  work  become  recognized.  Sig- 
nificant of  the  new  order  of  things  is  the  fact  that  the 
American  Society  of  ■Mechanical  Engineers  devoted 
an  all-day  session  'at  its  annual  meeting  to  public-ser- 
vice affairs. 

That  the  engineer  is  already  an  important  factor  in 
municipal  affairs,  and  that  this  inflvience  will  extend,  is 
certain,  but  it  is  also  evident  that  under  present  condi- 
tions this  lichl  is  not  as  attractive  as  it  might  be  and  the 
engineer  is  not  accorded  full  credit  for  his  efforts. 

As  pointed  out  by  Mr.  Cooke,  in  his  excellent  paper 
on  "Factors  in  Municipal  Engineering,"  it  is  difficult  to 
get  the  high-class  man  to  enter  municipal  service,  or  even 
to  act  in  an  advisory  capacity,  especially  when  the  point 
at  issue  is  one  between  the  city  and  some  private  com- 
pany. This  may  be  due  in  part,  as  he  suggested,  to  the 
fact  that  many  of  the  prominent  engineers  are  affiliated 
with  the  private  concerns  either  directly  or  through  re- 
tainers, but  the  "red  tape"  incident  to  appointments  and 
the  restrictions  upon  the  initiative  in  such  positions  are 
probably  equally  responsible. 

Obviously,  the  remedy  is  first  to  make  municipal  ser- 
vice attractive,  .so  that  the  best  men  will  be  drawn  to  it, 
not  merely  as  a  monetary  consideration,  but  as  a  place 
where  the  greatest  latitude  will  be  afforded  to  engineering 
ability.  In  this  way  only,  will  it  be  possible  to  build  up 
a  personnel  of  such  a  standard  as  to  render  municipal 
undertakings  independent  of  outside  aid  and  at  the  same 
time  able  to  meet  the  private  interests  on  equal  terms. 

•^: 

The  longer  you  look  at  the  cartoon  this  week,  the 
more  you  realize  that  it  is  a  real  problem  that  is  put  up 
to  the  boss.  The  situation  is  a  typical  one  and  the  ex- 
perience a  very  frequent  one  wdth  those  in  managerial 
positions. 

The  chap  who  does  not  get  the  promotion  can  think 
of  many  reasons  why  the  boss'  choice  was  a  poor  one. 
It  is  only  when  one  is  on  the  outside  looking  in,  as  we 
are  in  the  case  of  the  picture,  purely  impartially,  that 
we  can  begin  to  ajipreciate  how  difficult  it  may  be  for 
a  conscientious  superior  to  select  the  one  to  promote 
when  all  have  their  good  points  and  each  deserves  ad- 
vancement. 

Take  the  three  in  the  picture,  consider  each  one  by  him- 
self and  you  will  agree  that  you  wou^d  hate  to  be  in  the 
position  of  having  to  decide  which  snould  be  advanced. 

The  point  of  the  picture  is  this :  Do  not  be  too  quick 
to  criticize  the  old  man's  decisions,  for  perhaps  you  may 
not  know  what  circumstances  complicated  his  problem. 

A  movement  to  create  a  Bureau  of  Labor  Safety  in  the 
Department  of  Labor  ought  not  to  scare  big  business,  and 
elicit  squeals  from  the  "Let-us-alone"  coterie.  Big  bus- 
iness ought  to  be  interested  in  minimizing  the  death  rate 
in  the  industrial  war.  But  who  objected  when  unanimous 
cc/nsent  was  asked  for  the  consideration  of  such  a  bill .'' 
Smoot  I 
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ruu  this  pipe  into  a  bucket  full  of  water,  submerging  the 
outlet  of  the  pipe  several  inches  below  the  surface.  Then 
crack  the  purge  valve  slightly,  and  so  long  as  bubbles  rise 
to  the  surface  keep  the  valve  open,  but  when  the  bubbles 
cease  to  rise  and  a  cracking  noise  is  heard,  one  may  be 
sure  that  ammonia  gas  is  escaping  from  the  condenser. 
Water  absorbs  ammonia  gas  \\-ith  a  distinct  cracking  sound 
similar  to  the  noise  heard  when  heating  cold  water  with 
live  steam. 

The  oil  and  the  water  in  the  system  will  absorb  am- 
monia until  they  are  saturated.  The  presence  of  oil  is 
caused  by  faulty  operation,  by  defective  apparatus  and  by 
using  oil  that  is  not  suitalile  for  refrigerating  machines. 

The  main  oil  trap  between  the  compressors  and  con- 
densers, which  the  oil  first  reaches  after  leaving  the  com- 
pressors and  where  it  is  most  readily  trapped  and  drawn 
off  when  in  the  liquid  state,  should  receive  the  closest  at- 
tention. It  should  be  equipped  with  a  gage  glass  and  not 
be  allowed  to  fill  to  overflowing,  so  that  tlie  oil  reaches  the 
condensers,  for  there  it  mixes  with  the  ammonia,  contam- 
inating it.  If  tie  system  is  not  equipped  with  an  am- 
monia purifier,  the  oil  reaches  the  expansion  coils,  and, 
once  there,  it  is  difficult  to  remove. 

Oil  for  lubricating  a  compressor  cylinder  shoidd  be  free 
from  animal  and  vegetable  fats.  These  fats  are  saponified 
by  ammonia,  and  if  they  are  allowed  to  enter  the  system 
they  will  soon  clog  it  up.  Ordinary  mineral  oil  is  also  un- 
suitable, as  all  such  oils  contain  paraffin,  which  hardens 
wJien  chilled.  Specially  prepared  mineral  oils  should  be 
used,  because  they  have  a  reasonably  high  fire  test — that  is, 
they  remain  liquid  under  high  temperatures  and  will  not 
gasify  to  any  extent  (due  to  the  temjierature  of  compres- 
sion), and  thus  pass  the  oil  trap  as  a  gas  to  condense  with 
tlie  ammonia.  They  have  been  chilled  to  zero  temperature 
(ir  lower  and  the  paraffin  filtered  while  solid.  An  oil  so 
prepared  can  be  used  for  lubricating  ammonia  compressors 
iMid  it  will  give  the  least  amount  of  trouble. 

'\\'ater  in  the  system  is,  in  many  resijects,  more  harm- 
lid  than  oil.  It  gathers  in  the  expansion  coils  as  a 
mushy  frost,  and  not  as  a  hard  lump  of  ice,  as  many 
suppose.  In  this  condition  it  makes  an  ideal  retainer 
I'oi-  any  oil  that  may  be  in  the  system. 

These  two  substances,  oil  and  water,  in  the  expansion 
coils  absorb  much  of  the  ammonia.  The  resultant  mix- 
ture is  what  is  called  "dead  liquor,"  which,  remaining 
in  the  expansion  coils,  cuts  Aovra  the  efficiency  of  the 
coils ;  also,  it  reduces  the  available  heat-absorbing  sur- 
face. 

Water  enters  the  system  through  leaks  in  the  coils 
or  around  a  leaking  compre.ssor  cylinder  head  equipped 
with  a  water  jacket  when  any  jiart  of  the  system 
is  pumped  down  below  zero  gage  pressure  for  making 
repairs  or  for  charging  in  fresh  ammonia.  It  is  safer, 
thei'efore,  to  see  that  the  low-pressure  gage  never  registers 
lielow  zero;  in  other  words,  do  not  pump  a  vacuum  on 
the  system. 

When  it  is  necessary  to  pump  down  to  zero,  as  in 
emptying  a  drum  of  ammonia,  the  machine  should  be 


In  the  Nov.  3  issue,  page  65(j,  Robert  G.  Thurston 
states  that  "in  testing  for  leaks  in  the  brine  tanks  it  is  best 
to  stoj)  the  circulation  of  brine  for  a  short  time  and  allow 
the  brine  to  become  quite  .saturated  with  the  ammonia." 
This  is  not  good  practice  for  this  reason :  In  a  brine  tank 
of  average  size  a  few  pounds  of  ammonia  would  be  lost 
into  the  brine  before  its  presence  could  be  detected  by 
litmus  paper  or  by  Nessler's  reagent  test. 

The  premier  way  to  test  the  coils  in  the  brine  tanks  is 
to  reduce  the  ammonia  pressure  in  them  to  abnit  5  lb. 
gage;  then  pump  out  the  lirine  and  test  the  coils  for 
leakage  with  a  lighted  sulphur  stick.  This  is  better  than 
to  allow  the  brine  to  absorb  the  ammonia  until  it  becomes 
so  saturated  that  its  presence  can  be  detected  by  litmus 
paper  or  by  Xessler's  reagent. 

I  have  found  that  smelling  the  brine  is  good  to  dis- 
cover ammonia  If-alii,  as  the  brine  wiU  give  off  an  ammonia 
odor  bug  Oefore  the  litmus  paper  or  iSTessler's  solution* 
will  indicate  its  presence. 

Further  on,  Mr.  Thurston  states  that  ''The  greatest 
sources  of  ammonia  losses  are  in  the  compressors,  the 
discharge  tanks,  the  condenser  and  its  valves."  I  would 
like  Mr.  Thurston  to  explain  what  he  meant  when  he  said 
"discharge  tanks.'" 

The  main  loss  of  ammonia  in  the  compressor  is  caused 
by  leakage  past  the  piston  i-od  through  the  packing  or 
stuffing-box.  This  amount  should  be  small  in  a  well  regu- 
lated plant.  Another  source  of  leakage  in  compressors 
is  the  gaskets  on  the  heads,  the  ammonia  .so  lost  being 
absorbed  and  carried  away  by  the  jacket  water.  The  best 
aiul  quickest  way  of  detecting  such  leakage- is  to  operate 
the  compressor  without  jacket  water  for  a  short  time,  so 
that  the  ammonia  escapes  into  the  jacket  space,  and  its 
presence  is  then  readily  detected. 

One  loss  in  a  refrigerating  plant,  assuming  that  the 
f.ystem  is  well  looked  after  and  kei)t  reasonably  tight,  is 
due  to  the  disintegration  or  dissociation  of  ammonia  and 
impurities  in  the  system  which  cause  permanent  or  non- 
condensible  gases  and  dead  liquor.  Deterioration  of  am- 
monia is  caused  by  high  discharge  temperatures  and  l>y 
oil  and  water  in  the  system.  Ammonia  g:  at  high  tem- 
peratures attacks  the  iron  or  steel  pipes  in  the  condenser 
and  fonns  other  gases  whicli  cannot  be  liquified  at  the 
pressures  and  temperatures  generally  carried  in  the  con- 
densers of  refrigerating  plants. 

These  permanent  gases  represent  a  loss  of  ammonia, 
they  are  a  detriment  to  the  economical  operation  of  the 
plant  and  they  must  be  removed  as  soon  as  possible. 
Pumping  these  gases  through  the  refrigerating  'system 
causes  loss  in  output  and  in  efficiency.  They  can  be  re- 
moved by  burning  them  when  flowing  from  the  purge 
valve  on  the  condensei'  or  they  may  be  purged  off  into  a 
bucket  of  water.  When  adopting  the  latter  method  it  is 
customary  to  connect  a  small  pipe  to  the  purge  valve  and 
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slowed  down  a;;  the  liack  pressure  lowers.  This  should 
always  be  done  as  the  needle  approaches  zero,  for  with 
a  low  back  pressure  and  the  machine  running  fast,  a 
paftial  vacuimi  will  be  formed  in  the  cylinder  at  the  be- 
ginning of  each  stroke.  Wlien  this  happens,  it  does  not 
take  much  of  a  leak  around  a  cylinder  head  to  admit  suf- 
licient  water  to  cause  trouble. 

C.  E.  AXDEKSOX. 

("hicasro.  III. 


1  l^e'w  E^EsgaE&es 

Replying  to  .Mr.  Pearce's  letter  on  page  (i!)0,  Nov.  10,  I 
wish  to  state  that  both  diagrams  on  page  427  of  the 
Sept.  22  issue  were  from  the  Corliss  type,  nonreleasing 
four-valve  engines  with  shaft  governors.  It  was  not  a 
case  of  more  or  less  lead.  The  difference  was  due  to  that 
in  the  design  of  the  valve-gear,  and  it  brings  out  an  im- 
portant point.  I  have  never  found  that  excessive  lead 
alone  or  combined  with  excessive  compression  would 
raise  the  efficiency  of  any  engine,  but  always  to  the  con- 
trary. Quick  opening,  to  me,  always  meant  increased 
economy,  and  this  is  one  example.  The  diagram  showing 
the  slow  admission  was  from  an  engine  with  little  valve 
travel.  No.  2  had  a  quick  valve  movement  with  a  large 
port  opening  and  had  less  lead  than  No.  1 ;  No.  2  showed 
better  average  economy  as  nearly  as  two  distinct  types  of 
engines  could  be  compared. 

The  compression  was  good  in  both  engines.  No.  1  has 
always  shown  a  higher  economy  on  lighter  loads.  The 
boiler  pressure  and  indicator  springs  were  nearly  the 
same  on  the  two  engines. 

C.  K.   ilcGiUEY. 
Baltimore,  ifd. 


iBBiiairag 

A  simple  method  for  determining  the  polarity  of  a 
cinuit,  ha\'ing  tlie  added  advantage  that  it  does  not  re- 
quire any  particular  preparation,  is  as  follows : 

Tear  off  a  piece  of  blueprint  paper  (about  an  inch 
square  will  do  for  110-  and  220-volt  circuits)  and  wet  it. 
Place  the  two  terminals  of  the  circuit  about  a  quarter 
of  an  inch  apart  on  a  110-volt  circuit  and  a  trifle  more  on 
220  volts.  The  paper  around  the  negative  lead  will  turn 
white.  A  lamp  can  he  placed  in  series  with  one  of  the 
leads  to  avoid  a  short-circuit. 

Blueprints  are  usually  available  on  a  job,  but  I  have 
seen  wiremen  who  had  frequent  occasion  to  determine 
the  polarity  of  circuits,  carrv"  strips  of  blueprints  in  their 
tool-kits  for  this  purpose. 

P.  JUSTCS. 
Cleveland,  Ohio. 

^I.  E.  Griffin's  method  of  machining  piston  rings  for 
gas  engines,  in  the  Oct.  27  issue,  recalls  a  job  I  once  saw 
on  a  marine-engine  cylinder.  This  was  on  the  interme- 
diate cylinder  of  a  triple-expansion  engine,  which  wa? 
about  :50  in.  in  diameter.  Upon  taking  off  the  head  at  the 
end  of  a  trip,  the  cylinder  was  found  to  be  badly  scored  on 
one  side,  the  cuts  running  lengthwise  about  10  in.  and 
covering  a  place  about  4  in.  wide,  half-way  down  the 
lylinder;  the  rest  of  the  cylinder  was  as  smooth  as  glass. 
The  chief  was  notified  and  came  down  to  look  at  it.    Af- 


ter looking  it  over,  he  put  on  his  overalls  and,  jumping  into 
the  cylinder,  called  for  a  hammer  and  a  flat  cold-chisel. 
With  these  he  proceeded  to  crosscut  the  whole  spot  to  tho 
same  depth  as  the  lengthwise  cuts  and  when  he  finished. 
it  was  a  rough  looking  cylinder.  He  climbed  out  with 
the  remark:  "I  guess  that  will  fix  her,"  and  told  us  to 
put  the  head  on. 

We  made  a  round  trip,  and  upon  opening  the  cylinder 
again,  I  was  much  surprised  to  find  the  spot  had  nearly 
disappeared.  At  the  end  of  a  second  trip  the  cylinder 
was  found  to  be  smooth  all  over  and  one  could  not  tell 
where  the  spot  had  been. 

William  N.  Wixg. 

Brooklyn,  N.  Y. 


Testis 

As  one  of  the  members  of  the  Power  Test  Committee, 
which  has  just  presented  its  report  at  the  annual  meet- 
ing of  the  American  Society  of  ilechauical  Engineers,  I 
am  interested  in  the  letter  of  E.  E.  Morri.'jou  in  the  issue 
of  Nov.  10  on  "'Simplifying  Eeports  of  Boiler  Tests." 

He  will  find  on  p.  55  of  this  report  what  the  commit- 
tee considered  the  l)est  form  for  a  short  report,  contain- 
ing onlv  the  principal  data  and  results.  It  has  only 
21  items,  but  gives  more  information  of  value  to  the 
owner  and  engineer  than  does  Mr.  ilorrison's  form  of  39 
items.  Moreover,  this  form  is  in  harmony  with  all  the 
best  literature  on  the  subject  of  boiler  tests  that  has  ap- 
peared in  the  past  forty  years,  including  the  reports  of 
the  1885  and  1899  committees,  the  Centennial  Exhibition 
reports  of  1876,  the  American  Institute  report  in  1871, 
and  all  the  reports  on  boiler  tests  that  have  been  made  in 
recent  years  by  officers  of  the  United  States  Navy.  If 
any  "Tjusy  brainy  man"'  who  is  "lost  among  the  coniasion 
of  unnecessary  technical  phrases"  does  not  understand  this 
form,  all  he  needs  to  do  is  to  get  his  engineer  to  explain 
it  to  him.  He  would  not  understand  "standard  fuel"  and 
"standard  evaporation"  any  more  than  he  w"ould  under- 
stand "B.t.u."  and  "from  and  at  212  deg."" 

William  Kent. 

:\Ioiit(lair.  X.  .1. 


The  writer  agrees  with  the  view^s  of  ^Ir.  ilorrison,  as 
expressed  on  p.  667  of  the  Nov.  10  issue,  that  many  boiler- 
test  reports  could  be  shortened  to  advantage  and  that 
the  chief  things  which  interest  the  business  man  are  the 
capacitv'  and  economy  obtainable.  If  he  is  sufficiently 
interested  to  pay  for  obtaining  this  information,  he  will 
probably  also  wish  to  know  how  it  compares  with  the  best 
practice  and  the  reasons,  should  it  fall  short. 

ilr.  Morrison  introduces  the  skill  of  the  fireman  as  an 
item,  but  this  is  presumably  based  on  the  judgment  of 
the  engineer  conducting  the  test,  and  is  likely  to  be  a  va- 
riable factor.  It  is  better  to  give  a  complete  heat  balance 
as  tills  involves  comparatively  little  e.xtra  work  and  gives 
exact  figures  upon  which  to  place  the  responsibility  for  the 
various  losses.  In  fact,  the  heat  balance  has  been  made 
too  much  of  a  mysterj^  in  books  and  it  no  longer  requires 
an  ultimate  analysis  of  the  fuel,  for  if  the  region  from 
which  the  latter  comes  is  known,  a  similar  coal  can  be 
found  in  the  reports  of  the  United  States  Bureau  of  Klines 
and  the  ultimate  analysis  of  this  can  be  used  in  accord- 
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ance  with  the  method  described  by  Prof.  E.  E.  Sommer- 
meier  in  his  l)ook  on  "Coal,"  p.  54. 

The  writer  prefers  the  following  form  of  heat  !)alanee : 

1.  Heat  utilized  in  evaporation; 

2.  Loss  due  to  latent  heat  of  water  resulting  from  hy- 
drogen in  coal; 

3.  Loss  in  products  of  combustion; 

4.  Loss  due  to  excess  air; 

5.  Loss  due  to  unburned  carbon  monoxide; 

6.  Loss  due  to  unburned  carl)on  in  ashpit ; 

7.  Loss  due  to  radiation  and  that  unaccounted  for. 
etc. 

The  methods  of  calculating  these  are  fully  given  by 
Prof.  Somniermeier  and  need  not  be  repeated  here,  but 
the  writer  has  found  an  even  simpler  method  whit-h  gi\es 
on  tests  with  coals  from  the  Eastern  fields,  results  ac- 
curate to  0.1  per  cent,  on  the  heat  balance.  This  is  based 
on  the  fact  that  while  the  heat  values  of  carbon  and  hy- 
drogen per  pound  of  each  are  widely  different,  the  heat 
developed  per  j)ound  or  per  cubic  foot  of  oxygen  or  air 
used  to  l)urn  them  is  not  very  different.  Hydrogen  de- 
velops (i2,.500  B.t.n.  per  lb.,  and  requires  8  lb.  of  oxygen 
for  combustion,  while  carbon  develops  14,650  B.t.u.  per 
lb.  and  requires  only  2%  lb.  of  oxygen.  Tliis,  taken 
with  the  rather  small  and  uniform  percentage  of  hydro- 
gen available  for  combustion,  results  in  the  weights  of 
the  products  of  combustion  being  directly  proportional  to 
the  heat  de\eloped.  From  the  heat  balances  of  a  large 
uiimber  of  tests  worked  up  in  the  regular  manner  the 
writer  finds  that  item  3,  the  loss  in  the  products  of  com- 
bustion, will  be  approximately  two  per  cent,  of  the  heat  of 
tiie  fuel  for  each  hundred  degrees  Fahrenheit,  hy  which 
the  temperature  of  the  flue  gases  leaving  the  boiler  ex- 
ceeds that  of  the  air  entering  the  ashi^it.  Or,  putting  it 
in  the  form  of  a  formula : 
loss  in  pro'hicis  of  comhustion   {in  per  cent.)    =   2   X 

Tf  —  Ta 

100 
where 

Tp  =  Temperature  of  gases  leaving  boiler; 
Fa  =  Temperature  of  gases  entering  asiipit; 
The  excess  air  may  be  calculated  from  the  gas  analysis 
by  the  formula : 

perrenfa;,e  of  erce.s  air  =  ^^^g  ^  _  ^ 

and 

Iter  rent,  loss  in  excess  nir  =  1.70  X  /"^''  cent,  excess  air 

Tf—  Ta 


X 


100 


In  a  similar  way  it  has  been  found  tliat 
loss  in  unburned  carbon  monoxide  (in  per  cent.)  =  (iO  X 
CO 
00^  +  00 

Items  1,  2,  ()  and  'i  are  calculated  in  Ihe  usual  manner, 
but  it  will  be  found  that  the  above  three  items  corn^sponij 
to  the  greater  amount  of  work  in  figuring  the  heat  i)a]aii(c 
and  are  the  most  important  in  judging  of  tlic  |)crl'()nnnncc 
i)f  tlie  boiler. 

Tf  ]H)ssible,  gas  samples  should  occasioiuilly  be  taken 
ill  file  top  of  the  first  pass  in  a  vertically  batlli'il  water- 
tube  boiler,  or  at  a  point  wliere  air  leakage  through  the 
.-netting  has  not  had  an  opportunity  to  dilute  the  gases  of 


combustion  simultaneously  with  those  at  the  uptake.  The 
latter  should  be  taken  at  the  point  where  the  temperature 
of  the  escaping  flue  gases  is  taken.  This  is  especially  im- 
portant in  obtaining  an  accurate  heat  balance,  for,  if  the 
products  of  comlnistion  become  diluted  by  air  leakage 
after  passing  the  pyrometer  and  before  reaching  the  samp- 
ling tube,  the  heat  balance  will  show  too  high  a  loss  up 
the  stack  and  vice  versa.  If  gas  samples  taken  close  to 
the  fire  along  the  path  of  the  gases  show  a  satisfactory 
and  considerably  higher  CO.  than  those  at  the  flue,  this 
will  indicate  that  the  fireman  is  doing  his  work  projierly, 
but  that  the  boiler  setting  is  leaking  badly.  A  tight  set- 
ting should  not  allow  over  twenty-five  to  thirty  per  cent, 
excess  air  to  leak  in  between  the  end  of  the  first  pass  and 
the  flue,  and  if  more  than  this  is  found  the  cracks  should 
Ije  searched  out  with  a  candle  and  plugged.  Old  magnesia 
pipe  covering  made  into  a  paste  with  water  is  satisfactory 
for  this  purpose. 

The  maximum  permissible  loss  in  the  products  of  com- 
bustion \aries  somewhat  with  the  equipment  and  con- 
ditions of  operation,  but  it  should  seldom  exceed  nine  per 
cent,  unless  the  boilers  are  being  forced  to  an  unreason- 
able extent.  A  greater  loss  than  this  indicates  dirty  boil- 
ers, leaky  baffles,  or  the  carrying  of  such  a  thick  fire  that 
at  times  the  gases  burn  all  the  way  through  the  boiler, 
which  can  be  determined  by  physical  inspection. 

The  loss  in  excess  air  and  that  in  imburned  gas  are 
somewhat  dependent  on  each  other,  for  as  the  latter  is 
diminished,  the  former  is  increased.  In  general,  it  pays 
to  keep  the  loss  in  unburned  gases  as  low  as  possible. 
The  point  of  best  economy  even  with  perfect  firing  will 
depend  on  the  furnace  volume  and  the  rate  of  driving. 
With  boilers  set  high  above  the  grates  it  is  possible  to  at- 
tain 15  per  cent.  CO.,  at  200  per  cent,  rating,  giving  not 
over  3  per  cent,  loss  in  excess  air  with  a  negligible  quan- 
tity of  carbon  monoxide ;  in  those  set  low  a  fireman  visu- 
ally has  difficulty  in  averaging  11  or  12  per  cent.  CO2 
without  making  much  carbon  monoxide,  even  at  low  rates. 

In  general,  a  fireman's  work  can  be  considered  satisfac- 
tory if  the  gas  analyses  show  good  CO™  with  an  occasional 
0.2  or  0.3  per  cent.  CO.  Losses  in  unburned  CO  of  over 
1  per  cent,  are  excessive  and  permissible  only  if  the  dral't 
is  limited  and  extreme  capacity  is  required.  Even  in  such 
erases  steps  should  be  taken  to  remedy  the  situation,  for 
when  a  fire  is  being  carried  at  the  point  where  a  slight 
amount  of  carbon  monoxide  is  formed,  it  requires  only  a 
slight  change  in  'onditions  to  increase  this  sufficiently 
to  cause  a  10  to  20  per  cent.  loss. 

With  i)ro])er  grates,  losses  due  to  carbon  in  the  a.slipit 
are  largely  under  the  control  of  the  fireman  and  result 
from  carelessness  in  cleaning  fires,  shaking  tJie  grates  too 
much  or  from  too  mucli  barring  and  working  of  the  fires. 
Kxce])t  when  tlie  grate  is  too  coar.se  and  entirely  unsuited 
I0  the  fuel  or  the  coal  clinkers  badly,  the  refuse  should 
not  contain  over  30  per  cent,  combustible  with  low-asb- 
coals  and  less  with  those  of  higher  a.sh  content;  hence, 
item  (i  should  not  exceed  3  ])ci'  cent.  In  endeavoring  to 
lower  this  figure  more  is  likely  to  be  lost  in  excess  air 
|iassing  througb  boles  in  the  fire  lliaii  could  be  saved. 

Tlut  last  item  {"•  )  is  obtained  l)y  difference  and  forms 
a  valuable  check  on  the  test,  especially  in  compari.son 
witli  otiicr  tests,  as  any  errors  in  the  otlicr  items  affect 
it  directlv.  The  absolute  value  of  the  radiation  part 
seems  rathe,  uncertain,  but  for  the  whole  itcju  the  values 
seem  to  range  from  12  or  15  per  cent,  for  small  boilers 
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set  siiisrly  and  operated  at  rather  low  rates,  to  7  or  8  per 
pent,  for  fair-sized  nuits  at  average  rates,  down  to  3  or 
.1  per  cent,  for  very  large  boilers  t:teaniiug  at  high  rates, 
sufh  as  those  at  the  Delray  station  of  the  Detroit  Edi- 
son Co. 

With  the  usual  methods  of  gas  analysis,  losses  due  to 
unconsunied  hydrogen,  hydrocarbons,  etc.,  also  fall  in 
this  item  and,  if  conditions  are  very  l)ad,  may  increase  it 
con sidera illy.  The  writer's  experience  on  a  series  of  tests 
where  conditions  were  such  that  there  was  a  marked  evo- 
lution of  these  gases,  and  the  flue  gases  were  carefully 
analyzed  for  them,  was  that  these  losses  about  equaled 
those  due  to  unburned  carbon  monoxide;  applying  such 
a  correction  to  other  series  of  tests  brought  the  radiatiou 
items  into  closer  agreement. 

As  a  ruh  item  2  (the  loss  due  to  latent  heat)  will  be 
between  2.5  and  3  per  cent.,  depending  on  the  moisture 
content  of  the  coal.  It  is  an  item  entirely  independent 
of  the  plant  or  operating  force  as  it  depends  only  on  the 
qualit\-  of  the  fuel. 

Summing  up  all  these  items,  the  writer  would  say  from 
an  extended  experience  in  boiler  tests  that  the  following 
tabulation  represents  about  what  can  be  expected  in  the 
way  of  the  "hest,"'  ''good"  and  "'poor'"'  results  under  aver- 
age power-plant  conditions.  E.xceptional  conditions,  of 
course,  may  enable  one  to  do  somewhat  better  in  some  of 
the  items : 

Item  Title  Best         Good        Poor 

1  Heat  utiliiied  in  evaporation 78.5         72.3         39.0         59.0 

2  Loss  due  to  latent  he.it 2   i  2.7  3.0  3.0 

3  .  Loss  in  products  of  combastion S.O  9.0         12.5         110 

4  Loss  in  excess  air 30  5.0  3.5  14.0 

5  Loss  due  to  unburned  carbon  monoxide  0,0  0..t  5.0  0.0 
G  Loss  due  to  unburned  carbon  in  ashpit  2.0  3.0  5.0  5.0 
7  Loss  due  to  radiation,  etc CO  7.5  12.0  SO 

Two  tA'pical  heat  balances  are  shown  in  the  "poor''  col- 
umn, the  first  where  fhe  losses  are  largely  due  to  carrying 
too  thick  a  fire  with  a  waste  of  unburned  gases;  the  sec- 
ond due  to  holes  in  the  fire  with  high  excess  air  and  per- 
haps leaky  baffles.  These  are  by  no  means  the  worst  the 
writer  has  encountered,  but  they  are  unfortunately  too 
near  the  average  of  what  occurs  in  many  Ijoiler  plants. 

"  H.  D.  Fisher. 

Newton  Highlands,  ^lass. 

■•?; 
Stop  iF(D5?  GsiSoSiEa®  E-sa^lira© 

The  sketch  shows  a  device  employed  to  stop  automatic- 
ally a  Ig-hj).  gasoline  pumping  engine  in  a  railroad  water 
station.  The  tank  is  about  6000  ft.  from  the  pump  house, 
and  bolted  to  the  roof  of  the  former  is  a  box  18  in.  long 
and  4  in.  square.  A  slot  is  cut  lengthwise  in  it  to  allow 
a  bolt  to  slide  up  and  down,  the  end  of  the  bolt  being 
attached  to  a  wooden  float  in  the  box.  As  the  water  level 
falls  in  the  tank  the  bolt  acts  as  a  stop  and  allows  the  float 
to  fall  only  a  short  distance.  A  copper  point  and  one 
of  the  wires  to  the  engine  stop  is  fastened  to  the  end  of 
the  float  stem  and  a  notched  piece  of  copper,  con- 
nected with  the  other  wire,  is  attached  to  the  roof  of  the 
tank  directly  over  the  float  stem. 

At  the  pumping  station  there  is  a  small  upright  post 
earrjdng  a  hinged  wooden  lever.  The  latter  is  ordinarily 
supported  in  a  horizontal  position  by  the  -free  end  rest- 
ing on  a  small  projection  of  a  second  ujjright  stick  hinged 
at  the  lower  end  and  carrying  a  piece  of  soft  steel  at  the 
upper.  An  electro-magnet,  placed  near  the  soft  steel,  is 
connected  in  the  tank  circuit.  There  is  also  a  switch  in 
the  line  just  above  the  horizontal  lever.    The  latter  carries 


a  weight  near  the  center  and  this  switch  is  attached  to 
the  weiglit  by  a  cord,  as  is  also  the  switch  in  tlie  ignition 
circuit. 

When  the  water  ri.ses  in  tlie  tank  to  the  desired  level 
and  the  copper  contacts  close  the  tank  circuit,  the  electro- 
magnet is  energized  and   attracts  the  piece  of  sti«l   on 

/gniiion  Circuit 


Diagram  of  Tkippixg  Device  and  Circtits 

the  upright  stick,  thus  releasing  the  weighted  lever,  which 
drops  and  pulls  out  Ijoth  the  switch  on  the  tank  circuit 
and  the  one  on  the  engine  circuit. 

The  current  for  the  tank  circuit  is  supplied  by  six 
dry  cells  and  as  the  circuit  is  closed  only  long  enough 
to  cause  the  electro-magnet  to  act,  the  cells  will  last  a 
long  time.  Aside  from  the  wire  used,  the  only  outlay  was 
80  cents  for  the  magnet,  the  rest  of  the  material  being 
picked  up  around  the  plant. 

S.  A.  Standley. 

Fort  Wayne.  Lid. 

Att©inita®Ka   ®f  Faipeinffi®ffii 

On  reading  Mr.  Dixon's  comments  in  the  Oct.  27  issue, 
imder  the  heading  "Poor  Firemen,"  and  which  criticized 
the  editorial,  "Attention  of  Firemen,"  in  the  Sept.  15 
issue,  I  referred  to  the  latter  issue  and  again  read  the 
editorial.  I  agree  with  Mr.  Dixon.  He  quotes  the  case 
of  a  fireman  traveling  twenty-five  miles  three  times  a 
week  to  attend  the  evening  sessions  of  a  technical  school. 
As  Mr.  Dixon  says,  it  may  be  an  extreme  case,  but  it 
shows  the  spirit  in  this  state. 

Many  industrial  schools,  which  teach  many  kinds  of 
trades  and  engineering  are  scattered  over  Massachusetts. 
There  are  evening  sessions  for  day  workers  and  special 
morning  sessions  for  night  workers.  At  the  industrial 
school  in  this  citj'  we  have  four  evening  classes  of  eighteen 
pupils  each,  a  morning  class  of  seventeen,  an  evening 
class  on  the  same  lines  at  the  local  textile  school  with 
twelve  pupils,  and  twenty  pupils  go  once  a  week  to  a 
private  school  fourteen  miles  away ;  this  makes  a  total  of 
121  men  engaged  in  operating  steam  plants.  This  num- 
ber includes  men  from  coal  passers  to  chief  engineers,  a 
large  percentage  being  firemen. 

It   is  a   creditable  showing  for  a   city  of   100,000. 

JoHx  Powers. 

New  Bedford,  Mass. 
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Some  time  ago  a  correspondent  in  Power  stated  that 
emery  is  a  good  conductor  of  electricity  and  for  that  rea- 
son should  not  be  used  on  a  commutator.  This  impression, 
which  is  held  also  by  many  power-station  men.  evidently 
is  the  result  of  expressions  by  certain  well  known  authors, 
which  would  lead  one  to  believe  that  emery  is  a  cond\ictor 
of  electricity.  I  have  always  used  emery  clotli  on  com- 
mutators and  have  never  had  any  trouble  traceal^le  to 
that  source.  Furthermore,  I  have  tested  emery  and  emery 
cloth  re])eatedly  and  have  invariably  been  unable  to  find 
any  that  was  a  conductor  of  electricity. 

Recently,  to  settle  an  argument  with  one  of  my  engi- 
neers, I  inserted  both  terminals  of  a  magneto  in  a  five- 
poimd  can  of  emery,  but  I  could  not  ring  through.  We 
then  placed  some  of  the  emery  on  a  piece  of  paper  and 
applied  the  terminals  of  the  magneto,  but  the  bell  \va^; 
silent.  Finally,  we  brought  the  terminals  closer  and 
closer  together  and,  to  the  engineer's  astonishment,  tlie 
Iiell  would  not  ring  until  they  had  been  brought  into  con- 
tact with  one  another.  We  repeated  the  experiment  with 
emery  cloth  and  got  the  same  results. 

I  was  taught  early  that  copper  dust  would  cansc;  trouble 
and  soon  found  out  that,  if  any  grinding  was  to  be  done 
around  a  commutator,  it  was  much  better  to  wait  until 
the  machine  was  dead.  Furthermore,  I  found  it  well  to 
immerse  the  emery  cloth  or  sandpaper  in  thin,  clean  en- 
gine oil  and  then  wipe  oil  all  of  the  oil  with  a  clean  rag. 
Of  course,  the  emery  cloth  or  sandpajser  did  not  last  as 
long,  but  I  was  quite  sure  that  by  employing  this  means 
no  chopper  dust  was  liberated  to  get  into  the  windings  or 
back  of  the  commutator  lugs  under  the  windings,  such  as 
to  short-circuit  the  adjoining  bars.  Unquestionably,  dust 
of  any  kind  is  a  bad  thing  around  electrical  machinery, 
and  for  lluit  reason,  ordinarily,  it  is  bad  practice  to  grind 
connnutators  with  emery  cloth.  However,  an  operating- 
engineer  is  bound  to  run  into  a  variety  of  circumstances. 
and  will  find  many  times  that  oiled  emery  cloth  is  con- 
venient for  smoothing  a  balky  commutator. 

Al  ])rescnt.  T  ba\c  a  motor-driven  exciter,  u))on  which 
I  lia\e  Used  cinory  for  some  time.  It  is  applied  with  a 
block  which  just  fits  tlie  jieriphery  of  the  commutator. 
The  machine  is  now  running  much  better  than  when  first 
installed;  moreover,  the  commutator  surface  has  a  hard, 
mahogany  apj)earance  and  requires  practically  no  atten- 
tion, ^ly  idea  is  to  get  a  hard,  glossy  surface  and  then 
leave  it  entirely  alone,  not  putting  anything  on  the  com- 
mutator. About  all  that  is  ever  required  is  to  remove 
the  brushes  one  by  one  and  wipe  off  the  accumulated  dust. 

Tlic  worst  feature  of  emery  is  that  the  grit  becomes  em- 
bedded in  the  (■o])per  and  brushes,  with  a  tendency  to  ])ro- 
duce  a  continual  cutting.  Flowever,  if  the  brushes  are  re- 
moved before  grinding  and  the  commutator  is  carefully 
wiped  off  with  a  clean  cloth  saturated  with  new  engine 
oil,  no  trouble  should  be  had  from  that  source  I  would 
advocate  the  use  of  emery  as  follows: 

1.  Comnnitators  worn  out  of  round  or  cut  should  be 
turned  off  without  delay,  if  conditions  ])crniit,  and  then 
ground  to  a  liard  glaze  with  oiled  emery  cloth.  Use  oiled 
sandpaper  for  the  final  finish  and  then  turn  the  sand- 
paper over  80  as  to  bufF  the  surface  of  the  conninitator. 
Never  use  a  file  on  a  commutator  to  any  great  extent — 
ju.st  enougli  to  knock  off  the  burrs  of  co])])('r. 

2.  \^lien  using  oiled  emery  cloth  :  licniove  the  brushes; 
use  a  wood  block  wliicli  fits  the  connnutator  snugly;  pay 


particular  attention  to  getting  the  proj^er  speed  for  grind- 
ing; use  high  speed  at  the  finish  ;  do  not  forget  to  examine 
the  mica  between  the  commutator  bars  for  bridges  of  cop- 
per; if  the  mica  has  been  undercut,  go  over  all  the  slots 
carefully  and  remove  all  dust. 

3.  Brushes:  A  brush  which  is  good  for  one  machine 
may  be  unfit  for  another;  special  brushes  roust  receive 
careful  adjustment  of  the  spring  tension;  I  have  used  a 
certain  make  of  brush  which  increased  the  capacity  of  di- 
rect-current motors  and  generators  more  than  25  per 
cent,  above  the  former  "arcing-over"  point. 

■f.  Slotting  of  conmmtators :  Not  always  a  success ; 
causes  destructive  chattering  of  brushes  in  many  eases; 
destructive  to  high-grade,  soft-composition  brushes  since 
it  wears  them  away  too  fast;  shallow  undercutting  of  mica 
has  given  best  results  in  most  cases. 

Waldo  A\'eavek. 

Kniporia.  Kan. 

-^. 

In  a  certain  plant  there  are  two  water-tube  boilers, 
rated  at  375  and  300  hp.,  respectively,  which  are  con- 
nected to  the  same  steam  main.  The  smaller  has  a  short 
straight  pass  to  the  stack  and  the  larger  is  about  20  ft. 
from  its  stack.  Each  has  one  automatic  damper  and 
both  are  operated  by  the  .same  damper  regulator.  The 
smaller  unit  had  better  draft  and  carried  more  than  its 
share  of  the  load.  To  correct  this  condition,  extra  damp- 
ers were  so  placed  in  both  stacks  that  the  fireman  could 
control  them  and  equalize  the  load.  Another  way  would 
be  to  install  a  quick-acting  damper  regulator  on  the 
larger  boiler  which  would  act  before  the  one  on  the 
smaller  boiler,  but  the  method  u-sed  was  the  cheapest. 

It  is  good  practice  when  one  damper  is  provided,  and 
that  controlled  automatically,  to  install  such  an  auxiliary 
damper.  It  sIkjuM  be  within  easy  reach  of  the  fire- 
man, where  it  is  nim'c  likely  to  be  used.  Otherwise,  he 
may. not  close  the  d:ini|icr  when  cleaning  the  fires,  and 
then  large  quantities  nt  cold  air  will  lie  admitted  through 
the  o]icn  doors,  causing  serious  strains  and  damage  to  the 
boilei'  and  setting. 

W.  F.  liOt'KWELL. 

r.oston.  Mass. 

Rep^air  Jolbs  w^iftlhi  Drcoiim  CemaeEatl 

As  letters  frequently  appear  on  the  u.se  of  various  iron 
cements,  my  exjierience,  while  in  charge  of  a  plant  in 
the  West  Indies,  nuiy  help  somebody. 

The  ])lant  was  comlensing  and  had  a  rather  antiquated 
rotative  dry-\aiiinni  |iuni|i  I'or  a  spare  unit.  One  day 
llic  air  piston  idd  lii'oke  at  the  crosshead,  the  piston 
being  driven  back  against  the  cylinder  head.  The  force  of 
the  blow  was  not  sufficient  to  break  the  head  on  the  air- 
cylinder  side,  but  it  cracked  tlie  water  jackets  of  the 
head  on  the  outside.  The  cracks  were  radial  from  the 
center  of  the  head  and  caused  the  cooling  water  to  leak 
considerably. 

We  scraped  off  all  the  paint  along  the  cracks  to  get  the 
nu'fal  clean.  Then  we  piped  the  water  inlet  of  the  head 
to  tlic  vacuum  line  from  another  pump  and  covered 
(he  other  outlets  with  ])icces  of  heavy  sheet  packing.  Air 
was  drawn  in  through  the  cracks  in  the  head,  which  were 
covered  with  a  fairly  thin  mixture  of  smooth-on  ce- 
ment; this  was  quickly  drawn  into  the  breaks  and  the 
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cnuks  were  sealed  after  allowing  the  cement  to  harden. 
The  pump  has  been  operated  regularly  I'or  three  years 
and  the  water  jacket  does  not  leak. 

By  the  same  method,  I  was  able  to  stop  a  leak  in  an  8- 
in.  steam  line,  carrying  125  lb.  steam  pressure.  This 
leak  was  around  the  threads  at  a  flange  in  a  section  of  the 
main  which  could  be  shut  off  from  the  rest  of  the  sys- 
tem, but  connected  with  a  238-hp.  boiler. 

One  day,  when  the  boiler  was  cold,  I  filled  it  with  water 
and  then,  with  all  the  valves  closed,  including  the  section- 
ing valve  on  the  steam  main,  the  pressure  was  taken  from 
the  leaking  part.  All  the  metal  around  the  leak  was 
cleaned  as  thoroughly  as  possible  and  the  main  valve 
opened.  Next,  the  blowoff  valve  was  opened  wide,  causing 
air  to  enter  through  the  small  leak.  This  air  leakage 
was  then  stopped  by  a  thin  smooth-on  paste  as  in  the  other 
case.  When  the  steam  was  afterward  turned  into  this  sec- 
tion of  the  header  there  was  no  sign  of  a  leak.  Although 
this  repair  job  was  only  meant  to  be  tem]Jorary,  it  is  stili 
steam-tight  after  a  year's  service. 

F.  E.  Meredith. 

Boston,  Mass. 

;« 

The  sketch  illustrates  an  apparatus  for  distilling  city 
water  for  drinking  purposes.  The  part  A  is  an  ordinary 
8.xl8xl0-in.  watertight  wooden  box,  containing  a  copper- 
l)all  float  and  valve  for  regulating  the  height  of  water  in 
the  l)ox  B.  so  as  to  cover  the  steam  coil  about  1  in. 

The  water  from  the  box  A  flows  by  gravity  to  the  box 
(jr  evaporator  B,  through  the  connecting  pipe  E,  con- 


Detail  of  Copper  Coil 
in  Box  Band  C 


Outfit  foe  Evaporating  Dkixkixg  Watek 

nected  from  the  bottom  of  A  to  B,  thus  insuring  the  steam 
coil  in  B  being  fully  covered  with  water  when  in  use. 

The  evaporator  B  and  the  condenser  C  are  round 
copper  pans  about  28  in.  diameter  by  8  in.  deep,  tinned 
on  the  inside  and  lagged  on  the  outside  with  1-in.  mag- 
nesia asbestos  pipe  covering.  In  the  bottom  of  the  evap- 
orator and  condenser  are  two  round,  flat  toils  two  pipes 
high,  constracted  of  <34-in.  copper  pi])e  well  tinned  on  the 
outside.  The  top  of  the  evaporator  has  a  snug-fitting, 
funnel-shaped  copper  cover,  with  a  ll/^-in.  outlet  at  the 
top,  which  connects  with  a  similar  arrangement  on  the 
condenser  C  by  a  1%-in.  pipe. 


One  end  of  the  coil  in  B  is  connected  to  the  main  steam 
line  with  a  globe  valve  between  the  coil  and  header,  while 
the  other  end  is  connected  to  a  steam  trap.  As  the  water 
boils  in  the  evaporator  B,  it  passes  up  and  out  through 
the  lyi-ii-  pipe  connection  at  the  top  and  into  C,  where 
it  is  condensed  when  it  comes  in  contact  with  the  cold- 
water  coil  in  the  bottom. 

The  condensate  then  passes  out  by  gravity  through 
the  1-in.  line  in  tlie  bottom  of  C  into  the  copper  tank  D, 
which  is  an  ordinary  50-gal.  tank,  such  as  is  used  by 
lunch  counters  and  restaurants  to  hold  ice  water. 

The  cold  water  in  the  coil  in  the  condenser  is  not  wasted. 
It  is  piped  over  to  the  box  A,  thereby  saving  a  few  heat 
units,  as  the  water  coming  from  the  condenser  coil  is  fair- 
ly warm ;  this  materially  helps  the  evaporator.  From 
the  tank  I)  the  distilled  water  is  drawn  off  into  o-gal. 
bottles  and  distributed  throughout  the  building  to  the 
water  coolers  as  it  is  needed.  By  this  home-made  device 
we  have  saved  much  money  on  drinking  water,  as  it 
was  cheaper  to  distill  water  than  to  pay  10c.  per  gal. 
for  it  from  some  so  called  mineral-water  company. 

C.     E.     AXDERSOX. 

Chicago.  III. 

Stairtasa^  ^  Saplhoia 

The  practice  of  filling  a  siphon  and  then  opening  the 
outlet  to  start  it  is  well  known,  ^\^lile  effective  under 
proper  conditions,  it  is  not  always  practical  to  use  this 
method.  The  manner  of  starting  here  described  and  il- 
lustrated is  efficient  under  most  conditions  and  it  per- 
mits the  pipe  line  for  the  siphon  to  be  arranged  to  best 
advantage  before  the  siphon  action  is  started. 

Place  the  ho.se  or  pipe  line  in  position,  with  its  outlet 
end  a  few  feet  or  so  below  the  water  level  to  be  acted  upon. 
Raise  the  inlet  end  above  the  highest  level  of  the  head  to 


.SiPHox  Filled  from  Inlet  End 

be  overcome.  The  inlet  is  filled  until  the  water  begins  to 
flow  from  the  outlet.  As  soon  as  the  flow  occurs,  the  in- 
let end  is  closed  and  lowered  into  the  water  and  reopened ; 
this  last  operation  wiU  take  but  little  time  and  it  will 
not  break  the  flow  of  the  siphon. 

While  a  ho.se  is  most  desirable,  it  is  not  essential  in  all 
cases.  Pipe  may  be  used,  it  being  only  necessary  to  have 
it  arranged  to  swing  easily  from  a  vertical  to  a  horizontal 
po.sition  for  the  transfer  of  the  inlet  end  from  the  filling 
to  the  drawing  position. 

A.   P.   Connor. 

Washington.  D.  C. 


Derember  15,  191-i  POWER  857 

^iiifliiiniiiiii I iiiiiiii Ill I II iiniiiiiiiiiiiiiiiiiiiiiiiiiiiii mill iiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiinniiiniiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiniiiiiiiiiiiiniiiiiii iiiiiii mn ii miiiii nniiiuiii iiiiiiiiiiiiiiiiini iiiiiiiiiiiiiiiiiiiiiiuii niiiiiiiiniig 


.imqf^iries  o 


f  Qeimersil  Iimtterest 


^iiii II Ill iiiiiiiii mill I iiiiimim iimim mil n i i m mimim i ii imimmimniiiimii iiiimiimm mi iim i ii iii i uin mmnii i iiiiiiiiiiiiiii 


Valne  of  Proximate  ts.  Ultimate  Analyses  of  Fael — Why  is 

not  the  proximate  analysis  of  fuel  as  reliable  as  the  ultimate 
analysis  for  determining  the  heat  value  of  a  fuel? 

T.  W. 
The  proximate  analysis  gives  the  proportions  of  fixed  car- 
bon, volatile  combustible  matter,  moisture  and  ash,  and  wliile 
it  affords  information  as  to  tlie  general  characteristics  of  a 
fuel  and  relative  value,  the  heat  value  cannot  be  directly 
computed  from  it  as  in  an  ultimate  analysis  because  the 
volatile  content  varies  widely  in  composition  and  heat  value. 


DistineniNliing  Iron  from  Steel — How  can  I  distinguish 
wrouglit  iron  from  steel  by  its  appearance  and  without  heat- 
ing tlie  material? 

G.    K. 

The  structure  of  steel  will  shou'  an  evener  and  finer  grain 
than  iron.  By  drawflling  the  side  of  a  rolled  bar  or  plate  of 
the  material  and  applying  an  acid,  iron  will  show  a  drawn- 
out,  fibrous  structure,  while  steel  will  exhibit  a  structure 
practically   devoid   of   fibrous  appearance. 


Heating;  Surface  per  Lineal  Foot  of  Pipe — What  amount  of 
heating  surface  is  allowable  per  lineal  foot  of  iron  pipe  of 
sizes  used  for  steam  heating  coils? 

B.   J.   W. 

The  sizes  of  iron  pipes  used  for  steam  heating  coils  are 
usually  from  %  to  2  in.  diameter,  though  1  in.  and  1%  in.  are 
the  sizes  most  commonly  employed. 

1  lin.ft.    of      ?4-in.   pipe  has  0.274S  sq.ft.   of  heating  surface. 

1  lin.ft.  of       1-in.  pipe  has  0.3442  sq.ft.  of  heating  surface. 

1  lin.ft.  of  l>4-in.   pipe  has  0.4345   sq.ft.   of  heating  surface. 

1  lin.ft.  of  1^2 -in.  pipe  has  0.4975  sq.ft.  of  heating  surface. 

1   lin.ft.  of       2-in.  pipe  has  0.621S  sq.ft.  of  heating  surface. 


Taking  Out  Bais  of  Boiler  Shell — When  a  bag  has  formed 
on  the  shell  of  a  liorizontal  return-tubular  boiler  what  ob- 
jection, if  any,  would  there  be  to  heating  the  bagged  part 
with  a  powerful  torch  and  forcing  the  bag  baci?  into  place  by 
pressure  or  pounding  from  the  outside? 

A.  B. 

In  the  formation  of  a  bag  the  sheet  becomes  stretched  and 
reduced  in  thickness,  and  to  restore  the  shell  to  its  original 
form  the  bag  cannot  be  removed  without  leaving  a  buckled 
surface  except  by  an  upsetting  process  of  forcing  the  ma- 
terial *ack  to  its  original  form  and  thickness,  employing  a 
"hold  back"  or  anvil  on  the  inside.  Although  heating  and 
straightening  the  sheet  may  be  skillfully  performed,  the  pro- 
cess is  likely  to  impair  the  homogeneity  and  strength  of  llie 
material   and    is   therefore   objectionable. 


Delivery  liy  Triplex  Plunger  Pump — Allowing  5  per  cent, 
slippage,  how  many  gallons  per  revolution  of  the  crankshaft 
will  be  pumped  by  a  geared  triplex  plunger  pump  having 
three  plungers  each  3  In.  diameter  and  4  in.  stroke. 

J.  C.  W. 
The  cross-sectional  area  of  each  plunger  would  be 
3  X  3  X  0.7854  =  7.0686   sq.in. 
hence    the   displacement   by    each    plunger    would   be 

7.0686  X  4  =  28.2744   cu.in.   per   stroke 
and  as  a  gallon  is  equal  to  231  cu.in.,  then  for  three  plungers 
the  displacement  would  be 
28.2744  X  3 


231 


=  0.3672  gal.  per  revolution 


and  allowing  5   per  cent,  slippage,   the  delivery   would   be 

0.3672   X    (100  —  5)    =    0.3488 
or  practically   0.35  gal.   per  revolution. 


Variation  of  PreHMure  llequlrert  for  Air  Ijift — In  pumping 
from  a  well  with  an  air  lift,  why  is  it  neces.sary  for  the  air 
supply  to  be  about  six  pounds  greater  pressure  in  starting  the 
lift  than  for  keeping  It  In   operation? 

J.  D.  W. 

The  air  pressure  must  be  sufficient  to  overcome  the  hydro- 
static pressure  In  the  well  at  the  point  where  the  air  first 
comes  In  contact  with  the  water.  During  pumping,  the  flow 
to  the  well  cannot  sustain  the  same  hydrostatic  pressure  as 
in  the  beginning  of  pumping  and  consequently  a  higher  air 
pressure  Is  required  In  starting  the  air  lift  than  for  kecplni^ 
It  in  operation.  This  reduction  of  hydrostatic  pressure  Is 
sometimes    referred    to    as    "drop"    of    the    well    and    a    redur- 


tion  of  6-lb.  pressure  would   be  equivalent  to  a  drop  or  a  re- 
duction of  air-pipe  submergence  amounting  to  about. 
6  ft.   -=-    0.4  34  =  13.8  ft. 

Nitrogen  Detrimental  to  Effloiency — In  combustion  of  fuel, 
what  part  is  taken  by  nitrogen  contained  in  the  air  supply 
and  contained  in  the  fuel? 

D.  A. 

The  nitrogen  contained  in  the  air  supply  performs  no  use- 
ful office  in  combustion  and  passes  through  the  furnace  with- 
out change.  It  dilutes  the  air,  absorbs  the  heat  and  reduces 
the  temperature  of  combustion,  and  as  each  pound  of  air  at 
atmospheric  pressure  contains  about  0.7685  lb.  of  nitrogen  it 
is  the  chief  source  of  heat  loss  in  furnaces.  Nitrogen  con- 
tained in  the  fuel,  either  free  or  in  combination  with  other 
substances,  is  inert  in  the  process  of  combustion,  and  as  it 
absorbs  heat  without  producing  any  benefit,  its  presence  is 
detrimental.  Since  the  specific  heat  of  nitrogen  is  0.2438,  each 
pound  of  nitrogen,  whether  contained  in  the  air  supply  or  the 
fuel  used,  causes  a  loss  of  0.2438  B.t.u.  for  each  degree  F.' 
difference  between  the  temperature  of  the  chimney  gases  and 
the  temperature  of  the  air  supply. 


Relative   Stress  in   Horizontal  and   Girth   Seams — How   is   it 

explained  that  in  a  cylindrical  sliell  the  stress  per  unit  of 
length  of  a  girth  seam  is  one-half  as  much  as  for  a  unit  of 
length  of  a  horizontal  seam? 

D.   J. 
The  total  stress   resisted   by   a   girth   seam   is  equal   to  the 
pressure    per    square    inch    multiplied    by    the    cross-sectional 
area  of  the  shell  in  square  inches,  i.e., 

pressure     X     diameter    X    diameter    X    0.7854, 
and  as  the  length  of  the  girth  seam  is  diameter  X  3.1416,  then 
the  stress  per  unit  of  length  of  a  girth  seam  is 

pressure  X  diameter  X  diameter  X  0.7854       pressure  X  diameter 


(a 


diameter  X  3.1416  4 

The   total   stress   resisted   by   a   unit  of  length   of  a   longi- 
tudinal seam  is, 

I,  ir    r  /                  v>  J-        .       V,  ,v       pressure  X  diameter  ,,  . 

one-half  of  (pressure  X  diameter  X  1)  = ^ (b) 

Comparing  the  values  (a)  and  (b)  it  is  seen  that  the  stress 
per  unit  of  length  of  a  girth  seam  is  one-half  that  for  a  unit 
of   length   of  a  horizontal   seam. 


Heating  Surface  of  Return-Tubular  Boiler — What  is  the 
method  of  calculating  the  heating  surface  of  a  return-tubular 
boiler  66  in.  in  diameter  by  16  ft.  long,  containing  98  tubes, 
3    in.    diameter    by    16    ft.    long? 

E.    T. 

The  usual  rule  is  to  consider  .as  heating  surface  all  of 
the  surfaces  exposed  to  the  flame,  or  heated  gas  on  one  side 
and  water  on  the  other.  This  for  return-tubular  boilers  with 
average  brick  settings  will  be  approximately  equivalent  to 
(a)  half  the  area  of  shell;  plus  (b)  the  area  of  the  tubes; 
plus  (c)  the  area  of  one  head  minus  twice  the  total  cross- 
sectlonal  area  of  the  tubes.  Taking  ail  dimensions  in  inches. 
one-half  of  the  area  of  the  shell  would  be 
66  in.  X  3.1416  X  (16-X  12) 
=  19,905.1  sq.in. 


(a) 
being 
(b) 


The   internal   diameter   of  a   standard   3-ln.   boiler   tube 
2.7S2  In.,  the  Internal  area  of  the  tubes  would  be 

2.782  X  3.1416  X    (16  X   12)   X   98  =    164.450.5  sq.in. 
The  gross  area  of  one  head  would  be 

66   X  66   X  0.7854    =    3421.2  sq.in. 
and   .as   the   total    cross-sectional   area   of   the   tubes   would    be 

(2.782  X  2.782  X  0.7854)    X  98    =    595.7  sq.in. 
the  heating  surface  of  the  heads  would  be  taken  as  equivalent 


3421.2  —    (595.7   X   2)    =    2229.8  sq.in. 
Adding  results  (a),  (b)  and  (c)  gives 

19,905.1   +    164,450.5    +    2229.8    =:    186,585.4   sq.in. 


=   1295.7  sq.ft.  of  heating  surface. 


(c) 


144 


[Correspondents  sending  us  Inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
c.Ttions  and   for   Inquiries   to   receive   attention. — EDITOR.] 
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Firolblleiraas  lira  F®"^!»^®s'°FlsiEat 

Hot-Blast  Heatixg  ix  ;\Lvciiixe  Siior  axd  Fouxdrt 

Although  direct  radiation  is  used  to  some  extent  in 
Ijuildings  of  this  kind,  it  is  not  well  adapted  to  those  of 
large  size  and  of  modern  construction.  It  provides  no 
means  of  ventilation,  except  by  air  leakage,  and  when 
used  in  buildijigs  having  a  large  glass  exposure,  such  a 
quantity   of    radiating   surface   is   required   that   certain 


If  the  air  must  be  thrown  a  greater  distance  the  outlets 
should  be  placed  at  a  higher  elevation  and  the  angle  from 
the  vertical  increased.  By  this  means  it  is  possible  to 
maintain  a  stratum  of  warm  air  near  the  floor  where  it 
is  most  needed.  When  the  central  part  of  the  building 
is  used  for  erecting  or  other  purposes,  where  a  certain 
number  of  workmen  are  employed,  a  smaller  amount  of 
air  should  be  discharged  in  this  direction. 

If  the  plant  is  designed  for  recirculation  of  air  for  tlic 
total  heating  in  the  coldest  weather,  return  ducts  shoiild 
be  provided  with  openings  near  the  floor  along  the  outer 
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Fig.  1.  Layout  axd  Size  of  Ducts  ix  ^Machine  Shop 


parts  are  apt  to  become  overheated.  This  is  especially 
true  in  those  having  a  considerable  height  with  galleries 
and  monitor  roof  as  in  Figs.  2  and  6.  In  cases  of  this 
kind  the  heat  rises  rapidly  to  the  upper  part  of  the  build- 
ing overlieating  it  and  increasing  the  transmission 
through  the  roof,  while  the  space  near  the  floor  remains 
too  cold  for  comfort,  except  near  the  coils,  where  it  is 
likeh-  to  be  excessively  hot.  In  some  departments,  how- 
ever, direct  coils  may  be  used  to  advantage,  either  alone 
or  in  combination  with  a  ventilating  fan.  In  most  large 
manufacturing  buildings,  at  the  present  time,  the  fan 
system  is  employed,  being  especially  adapted  to  this  clas.- 
of  work.  With  tliis  arrangement,  the  warm  air  may  Ijc 
so  distributed  as  to  heat  the  space  evenly,  and  at  the 
same  time  provide  an  abundance  of  fresh  air  for  ventila- 
tion. When  the  supply  of  exhaust  steam  is  limited,  the 
heating  plant  is  usually  designed  to  recirculate  the  air 
within  the  building  in  the  coldest  weather,  admitting 
more  and  more  fresh  air  as  the  outside  temperature  rises. 
The  location  of  the  apparatus  and  the  method  of  dis- 
tributing the  air  will  depend  somewhat  upon  the  type 
and  construction  of  the  building.  A  plan  commonly 
adopted  in  machine  shops  of  brick  and  steel  construction 
is  to  place  the  fan  and  heater  overhead  and  carry  distrib- 
uting ducts  of  galvanized  iron  through  the  roof  trusses. 
From  here,  branches  are  brought  down  on  posts  and  the 
air  discharged  directly  downward  or  at  an  angle  so  as  to 
Ihrow  the  greater  part  toward  the  outer  walls.  If  the 
width  of  the  bays  is  less  than  20  ft.,  this  plan  works  well 
with  tlie  discharge  outlets  about  5  or  G  ft.  from  the  floor. 


wall;  otherwise  the  circulation  will  be  local  and  the  more 
distant  parts  of  the  building  will  not  be  reached.  It  is 
not  generally  necessary  to  provide  any  mechanical  means 
for  the  discharge  ventilation,  as  this  may  be  taken  care 
of  by  leakage,  and  through  tb.e  monitor  windows  in  mild 
weather. 


FiG.  2.  Segtiox'al  Elev.atiox.  Showixg  Pans  on 
Galleries 

In  the  case  of  foundries  the  conditions  are  somewhat 
different,  as  the  air  at  times  is  filled  with  steam  and  heavy 
gases,  and  it  is  advisable  to  provide  an  exhaust  fan.  Here, 
ventilation  by  monitor  windows  only  serves  to  make  con- 
ditions worse,  as  the  entering  cold  air  causes  the  steam  to 
condense  on  the  walls  and  overhead  construction  and  drij) 
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to  the  floor.  In  general,  the  air  in  foundry  work  should 
be  delivered  at  an  angle  downward  toward  the  outer  walls 
and  removed  through  vents  near  the  floor  along  the  cen- 
tral aisle  or  bay. 

Having  considered  the  subject  briefly,  let  us  apply  it 
to  the  ease  in  hand  and  decide  iipon  the  best  arrange- 
ment to  employ.  All  computations  relating  to  the  fans 
and  heaters  have  been  worked  out  in  a  previous  article, 
so  that  only  the  location  of  the  fans,  and  the  method  of 


4  Rons  of  Pipe 


Fig.  3.  Plax  of  Fax     Fig.  4.  Elevation  of  Fan,  Giv- 
AXD  Heater  ixg  Size  of  Outlets 

running  the  distributing  ducts,  need  be  considered  at  the 
]iresent  time. 

Machixe  Shop 

The  general  arrangement  of  the  heating  apparatus  for 
this  building  is  shown  in  plan  in  Fig.  1  and  in  sectional 
elevation  in  Fig.  2.  The  units  are  placed  on  the  gallery 
level, .one  on  either  side,  about  midway.  Each  fan  has 
two  discharge  outlets  one  up  and  the  other  down,  con- 
necting with  two  sets  of  horizontal  distributing  ducts  or 
mains  running  the  entire  length  of  the  building  and  lo- 
cated as  shown  in  Fig.  2.  As  the  width  of  the  outer  bays 
is  more  than  20  ft.,  it  is  necessary  to  deliver  the  air  at  a 
fairly  high  elevation  in  order  to  reach  the  outer  wall.  The 
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Fig.  5.  Plan  of  Foundry 

arrangement  u])on  the  first  and  second  floors  is  practically 
the  same  e.vecpt  in  case  of  the  former  a  certain  amount  of 
air  is  blown  into  the  central  part  of  the  building.  The 
relative  supply  of  air  to  ilifTerent  parts  of  the  l)uilding  is 
as  follows: 

Outer  bays,  first  floor,  two-fifths;  central  bay,  one-fifth; 
galleries,  two-fifths.     The  outlets  are  a|)proximately  25 


ft.  apart  in  the  galleries  and  outer  bays,  and  50  ft.  ajiart 
for  the  central  portion.  ,  • 

The  fresh  air  is  supplied  through  special  flues  extend- 
ing through  the  roof  and  arranged  to  take  in  the  air  on 
the  side  away  from  the  monitor  windows.  These  inlets 
should  be  provided  with  louvers  and  strong  wire  netting 
to  keep  out  storm,  leaves,  birds,  etc.  Dampers  should  be 
placed  in  the  downtakes  above  the  heaters  for  closing 
when  the  fans  are  not  running.  A  plan  and  elevation  of 
the  fan  and  heater  arrangement  are  shown  in  Figs.  3  and 
4  respectively.  As  there  is  an  abundance  of  exhaust  steam 
available  in  the  present  case,  the  air  will  always  be  taken 
from  outside,  except  perhaps  at  special  times  when  it  is 
desired  to  heat  the  building  quickly  in  the  morning  or  in 
extremely  cold  weather  when  the  temperature  drops  con- 
siderably below  zero. 

Under  these  conditions  it  has  not  seemed  necessary  to 
provide  return  ducts,  but  large  doors  have  been  placed  in 
the  heater  casings  so  that  the  air  can  be  recirculated  if 
desired.  This  arrangement  will  be  satisfactory  for  oc- 
casional use  although  the  circulation  will  not  be  so  com- 
plete as  with  a  return  duct. 

There  are  two  common  ways  of  determining  the  size  of 
the  distributing  ducts.  One  is  to  allow  a  velocity  of  2000 
to  3000  ft.  per  min.  in  the  trunk  lines,  reducing  to  1200 
or  1800  ft.  in  the  branches,  according  to  the  length  of 
run.  AMien  the  air  is  discharged  from  a  considerable 
height,  as  in  Fig.  2,  the  velocity  should  be  fairly  high  so 
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that  the  air  will  reach  the  outer  walls.  Another  nu'thod, 
and  the  one  employed  in  the  present  case,  is  to  make  the 
area  of  the  main  duct  the  same  as  the  discharge  outlet  of 
the  fan,  and  proportion  the  branches  according  to  the  fac- 
tors given  in  Table  1. 

In  the  last  lesson  the  outlet  area  of  an  8-ft.  fan  was 
given  as  18. (>  sq.ft.  while  a  catalog  of  standard  make  gives 
it  as  20.2  sq.ft.  For  present  purposes  wc  will  take  it  as 
20.  Referring  to  Fig.  1,  there  are  24  outlets  from  the 
lower  air  duct,  so  that  the  areas  of  the  bottom  and  top  out- 
lets from  the  fan  casing  must  be  in  the  ratio  of  24  to  16 
or  3  to  2.  If  the  total  area  is  20  sq.ft..  then  the  two  out- 
lets must  have  areas  of  12  sq.ft.  and  8  sq.ft.,  respectively. 
The  width  of  fan  casing  is  given  in  the  catalog  referred  to 
as  4.5  ft.,  so  the  outlets  may  both  be  made  this  width,  with 
the  other  dimensions 

12  -4-  4.5  =  2.7  //. 
8  -^  4.5  =  1 .8  //. 

which  expres.'sed  in  inches,  gives  dimensions  of  33  X  54 
in.  and  22  X  -''4  in.,  respectively. 

Next,  let  us  determine  the  size  of  llic  ducts  bv  the  use 
of  Table  1. 
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-DUCT     DIAMETERS    AND     CORRESPONDING 
FACTORS* 


Pipe,  In.  Factor 

22  2,290 

24  2,845 

26  3,470 

28  4,175 

30  4,960 

36  7.800 

42  11,400 

48  16,000 

54  21,400 

60  28,000 


dicatecl  on  the  drawing.  Connections  between  the  vent 
registers  and  the  exhaust  fan  are  proportioned  on  a  basis 
of  ISOO  ft.  per  min.  velocity. 


9                244 

10    316 

12                 500 

14  ' 733 

u;           1,032 

15     1,385 

20           1,800 


•Abridged  from  the  "Metal  Worker." 

Taking  the  upper  duct  first,  the  fan  has  an  outlet  of  8 
sq.ft.,  which  is  nearly  the  area  of  a  -lO-in.  round  pipe. 
The  nearest  size  to  this  in  the  table  is  42  in.,  which  has  a 
factor  of  11,400.  This  duct  has  16  outlets  in  its  entire 
leuffth,  so 

11,400  -^  16  =  ri2 
is  the  factor  to  look  for  in  the  table  in  determining  the 
size  of  outlets  and  we   find   it   corresponds  to  a   14-in. 

pipe- 
In  finding  the  size  of  the  two  main  branches  as  they 
separate  above  the  fan,  a  factor  of  5700  is  obtained  liy 
dividing  11,400  by  2,  which  comes  between  a  30-in.  and 
36-in.  pipe,  but  may  be  safely  estimated  as  33  in.  Pro- 
ceeding in  like  manner  the  dimensions  for  the  entire  duct 
were  obtained  and  marked  on  the  plan  in  Fig.  1. 

The  lower  outlet  has  an  area  of  12  sq.ft.,  which  cor- 
responds nearly  to  a  48-1x1.  pipe,  or  a  factor  of  16,000 
Dividing  this  by  2,  and  proceeding  as  above  the  factor  is 
8G00,  and  this  corresponds  to  a  37-in.  pipe  as  nearly  as 
can  be  estimated.  Using  14-in.  outlets,  the  same  as  for 
the  upper  duct,  the  required  dimensions  of  the  main  are 
f ounce  to  be  as  marked  in  the  drawing.  Fig.  1.  Each  out- 
let should  be  flared  to  about  20  in.  in  diameter  at  the 
mouth  and  provided  with  ah  adjustable  damper  operated 
by  chains  from  the  floor. 

Foundry 

The  general  arrangement  of  the  heating  and  ventilat- 
ing apparatus  for  the  foundry  is  shown  in  Figs.  5  and  6. 
Tht  tan  and  beater  are  located  on  the  floor  at  one  end  of 
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Fig.  ?.  Hot-Blast  System  in  Fokge  Shop 


the  building  and  the  fresh  air  drawn  in  through  a  flue 
carried  up  about  10  ft.  on  the  outside  of  the  building.  Th(; 
method  of  air  distribution  is  practically  the  same  as  for 
the  machine  shop,  but  in  this  case  an  exhaust  fan  is 
provided.  The  vent  ducts  are  carried  beneath  the  floor 
and  the  outlet  openings  are  placed  against  the  posts  on 
either  side  of  the  central  aisle  or  bay.  The  vent  fan  is 
suspended  from  the  roof  trusses  at  the  other  end  of  the 
building,  above  ihe  main  doors,  and  is  thus  well  out  of  the 
way.  The  underground  duets  are  of  cement  and  all  over- 
head piping  of  galvanized  iron. 

Pipe  sizes  for  the  overhead  distribution  were  computed 
in  the  same  manner  as  for  the  machine  shop,  and  are  in- 


FiG.  8.  Fokge  Shop  in  Section 

All  inlets  and  outlets  are  provided  with  regulating 
dampers  for  equalizing  the  flow  of  air. 

Fokge  Shop 
The  arrangement  for  the  forge  shop  is  practically  the 
same  as  for  the  foundry,  except  that  the  exhaust  fan  is 
omitted.  By  this  method  the  monitor  windows  are  de- 
pended upon  for  discharge  ventilation.  Blowing  the  air 
against  the  outer  walls  tends  to  prevent  the  smoke  from 
collecting  jjinder  the  eaves  and  drives  it  into  the  monitor. 
SometimeiTan^exhaust  is  provided  for  winter  use  if  too 
much  heat  is  carried  off  through  the  monitor  windows. 

'1     ro   V  ;,. 

Mew  SefiMsa^  foip  'W©s=tS5iaim^^©ira 

The  furnace  setting  shown  in  the  accompanying  illus- 
tration has  been  devised  recently  by  James  Beggs  &  Co., 
of  New  Y6rk  City,  for  its  improved  Worthington  water- 


Ashpif 

New  Setting  fok  the  Worthington  Water-Tube 
Boiler 

tube  boiler,  reverberatory-arch  furnace  type,  in  connection 
with  an  automatic  chain-grate  stoker. 

One  of  the  mud  drums  is  set  at  a  lower  level,  thus  the 
tubes  which  connect  the  two  mud  drums  are  inclined  at 
the  proper  angle  to  promote  circulation  and  protect  the 
tubes. 
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The  reverberatory  arch  is  formed  Iiy  covering  these 
tubes  at  oue  end  with  special  C-shape  fire  tile. 

The  illustration  shows  the  stoker  under  the  lower  mud 
drum,  which  establishes  that  side  as  the  front  of  the 
boiler. 

This  arrangement  gives  ample  flame  travel  and  a  large 
combustion  chamber  above  the  arch :  from  the  center  of 
the  grate  to  the  bottom  tubes  of  the  sections  the  distance 
is  7  ft. 

The  furnace  has  been  specially  designed  to  prevent 
smoke  from  volatile  coal,  .such  as  is  burned  in  the  Middle 
West,  and  possesses  the  additional  advantage  of  a  self- 
cleaning  combustion  chamber.  By  means  of  a  steam 
blower  below  the  steam  drum  in  the  bank  of  the  tubes 
and  one  above  the  arch  the  soot  from  the  tubes  may  be 
l)lown  into  the  ashpit  at  the  rear  of  the  boiler. 

The  boiler  shown  in  the  drawing  is  rated  at  300  hp. 
The  depth  of  the  setting  is  14  ft.  6  in.,  the  width  9  ft. 
7  in.  and  the  height  from  the  floor  to  the  top  of  the  steam 
drum  15  ft.  9  in.  With  the  exception  of  the  width,  these 
same  dimensions  apply  to  any  boiler  between  the  ratings 
of  200  and  600  hp.,  additional  capacity  being  obtained  by 
adding  on  more  sections  of  tubes  to  the  width. 


This  class  '"T"  lubricator  is  so  designed  that  all  its 
working  parts  run  in  oil,  thus  reducing  wear  to  a  mini- 
mum. It  is  automatic  in  action  and  forces  a  flow  of 
oil  with  the  first  stroke  of  the  engine  to  which  it  is  at- 
tached. The  mechanism  is  shown  in  the  accompanying 
illustration. 

The  shaft  carrj-ing  the  ratchet  gear  also  carries  an 
eccentric   to   give   motion   to   the   pump    plunger   which 


Section  thkouuji  LriinRATou 

forces  the  oil  past  the  two  upper  ball-check  valves, 
between  which  is  a  bleeder  showing  the  Cjuantity  of  oil 
being  pumped. 

The  pump,  of  one-,  two-  and  three-pint  capacity,  has 
a  heater  ca.st  in  one  comer  of  the  reservoir  for  heating 
the  oil  in  cold  weather.  It  is  made  by  the  McCord  Manu- 
facturing Co.,  2587  Grand  Boulevard,  East,  Detroit, 
Mich. 


JUST  JESTS.  JABS.  JOSHES  AND  JUMBLES 


"Washington  officials  look  for  an  increase  in  immigration 
after  the  war  to  24.000,000  new  arrivals  a  year."  Gracious 
Scott!  what  if  one  in  every  twenty-four  is  an  operating  en- 
gineer! 

Now  it  is  said  that  one  of  the  nations  at  war  is  using  the 
copper  parts  of  old  locomotives,  including  the  boiler  tubes, 
in  the  gun  foundries.  Some  wise  geelc  has  been  over  here 
and  witnessed  the  high  explosiveness  of  our  tubes  and  cribbed 
the  idee. 

Down  Missouri  way.  it  is  recommended  that  every  child  be 
given  a  pig,  to  be  brought  up  according  to  pig  etiquette. 
"The  boy  who  sticlis  to  the  hog  game  is  headed  down  Pros-' 
perity  Avenue,"  says  that  state's  board  of  agriculture.  Some 
folks  take  naturally  to  hogging  it  and  others  have  it  thrust 
upon  them.     This  Missouri  thing  listens  like  a  thrust. 

Si 

We  love  our  Chicago  for  many  things,  but —  Well,  some- 
times it  fails  to  bottle  up  the  enemy.  At  the  teachers'  con- 
vention an  "educator"  advised  that  "O.  Henry  will  take  the 
place  of  Milton:  President  Wilson's  address  to  Congress  will 
replace  Shakespeare.  Shakespeare  will  be  used  sparingly, 
mixed    with    Bernard    Shaw   and    Oscar   Wilde." 

Poor  old  Bill!  "Mixed"  with  B.  Pshaw  and  O.  Wilde,  Bill 
will  look  like  a  colyum  of  Jokes  in  Kent's  Handbook. 


IN    MBMORIAM 

A  luckless  engineer  was  "Lefty"  Wright. 
■U'ho  thought  he'd  found  a  way  to  make  valv 


^^^//V  ^(^^^ 


So  he  "fixed"  one  with  some  babbitt 
Ere  his  comrades  saw  him  grab  It — 
And   the   pillow   that   they  sent   him   read:    "Good   Night!" 

m 

Who  says  the  workman's  compensation  law  does  not  reach 
far  enough?  Only  the  other  day  a  sufferer  got  $210  just 
because  his  boss  set  him  in  contact  with  a  live  lobster  and 
neglected  to  say  that  the  line  was  not  dead.  Rubber  gloves 
might  have  saved  a  perfectly  good  thumb-end  and  210  passable 
dollars. 

Here  are  a  few  "rules"  posted  In  the  engine  room  of  the 
Globe   Iron  Co.,  Jackson,   Ohio; 

1.  When  you  enter  the  engine  room  spit  on  the  floor;  we 
have  water,  lyc.  soap,  mops  and  brushes  and  will  clean  up  as 
soon  as  you  leave. 

2.  Rub  your  hands  on  all  the  polished  work;  it  will  give 
some  one  work  and   use   the  surplus  polish. 

3.  Put  your  hand  on  the  engine's  bright  work;  you  will 
then  know  If  It  Is  smooth,  hot  or  cold.  Tell  others  to  do  the 
same. 

4.  Stay  In  the  engine  room  as  long  as  you  please.  The 
engineer   has   nothing  to  do  but   entertain   visitors. 

5.  Be  sure  to  tell  the  engineer  If  his  engine  Is  pounding  or 
running  right;  as  he  will  not  know  it  unless  you  do.  He  will 
atop  and  make  repairs  while   you  wait. 

fi.  Don't  tell  the  engineer  who  you  are;  he  Is  a  mind  reader 
and  always  known  you.  Go  anywhere  In  the  engine  room  and 
you  win  please  him. 

7.  Advise  him  what  to  do.  as  you  know  best;  the  engineer 
Is  there  only  every  day  and  does  not  have  a  chance  to  see  as 
much    as    you    will    In    an    hour. 

S.  If  the  engineer  Is  busy  making  repairs,  tell  him  a  good 
story  you  heard  the  other  day.  and  If  possible  get  In  his  way. 
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It  is  not  unconimou  to  read  of  banquets  held  amid  un- 
usual surroundings,  generally  tyiiifyiug  the  object  of  the 
occasion ;  but  in  serving  a  dinner  to  forty-six  persons  in- 
side a  boiler  furnace,  the  Edison  Illuminating  Co.  of  De- 
troit appears  to  have  eclipsed  all  previous  efforts. 

The  occasion  was  the  celebration  of  the  completion  of 
boiler  No.  1  at  the  new  Couners  Creek  plant  of  the  coni- 
panv.  This  boiler  is  similar  to  the  nine  already  iu  opera- 
tion at  the  Delray  station,  which  have  already  been  de- 
scribed in  these  columns.  They  are  the  largest  boilers 
in  the  world,  and  in  the  new  plant  each  will  regularly 
supply  10,000  kw.  at  the  turbines.  The  setting  occupies 
a  space  30  ft.  cube,  and  an  idea  of  the  size  of  the  fur- 


GuESTS  Assembled  in   Boiler    Puknace 

nace  wiU  be  had  from  the  photograph.  The  combus- 
tion chamber  was  floored  over  and  the  guests  were  ad- 
mitted through  the  ashpit,  a  section  of  the  dump  grate 
having  beeu  removed  to  permit  installing  a  flight  of 
stairs.  The  streamers  were  hung  for  decorative  purposes, 
but  follow  approximately  the  line  of  the  tubes. 


The  following  regulations  of  the  fire  prevention  liureau 
of  the  New  York  City  fire  department  go  into  effect  Jan. 
1,  1915. 

REFRIGERATING  PLANTS  AND  REFRIGERANTS 
Section  490-A:  It  shall  be  unlawful  to  operate  within  the 
City  of  New  York  any  plant  producing  refrigeration  by  means 
of  gases  under  pressure  in  connection  with  cold-storage  plants, 
breweries,  ice  manufactories,  hotels,  restaurants  or  other 
places  without  a  permit  from  the  fire  commissioner. 

Section  490-B:  Each  refrigerating  plant  shall  be  equipped 
with  an  emergency  pipe  or  pipes  by  which,  in  case  of  acci- 
dent, the  pipes  under  pressure  can  be  discharged  by  a  valve, 
which  can  be  opened  both  inside  and  outside  of  the  refriger- 
ating plant  into  water,  or  be  brought  into  contact  with  sutli- 


cient  water  to  absorb  and  carry  off  all  gases  so  discharged. 
At  the  discretion  of  the  fire  commissioner,  the  said  emerg- 
ency pipe  or  pipes  may  conduct  the  gases  to  a  point  at  least 
10  ft.  above  the  roofs  of  adjacent  buildings  into  the  open  air. 
Section  490-C;  All  refrigerating  machines  shall  be  equipped 
u'ith  automatic  safety  devices,  which  discharge  at  300  lb. 
pressure  to  the  square  inch  for  ammonia,  1400  lb.  for  carbon 
dioxide.  100  lb.  for  sulphur  dioxide,  and  100  lb.  for  ethyl 
chloride  into  the  emergency  pipes  required  by  the  preceding 
section,  or  into  the  .low-pressure  side. 

Section  490-D:  In  refrigerating  plants  built  and  erected 
after  Jan.  1,  1915,  every  room  containing  pipes  carrying  a 
refrigerating  chemical  under  pressure  exceeding  40  lb.  for 
ethyl  chloride,  60  lb.  for  sulphur  dioxide,  100  lb.  for  ammonia 
and  500  lb.  for  carbon  dioxide,  and  which  by  accident  may 
become  filled  with  the  gases  generated  by  said  chemicals,  shall 
have  an  exit  to  the  open  air  direct  or  by  means  of  stairway, 
or  to  a  room  or  hall  from  which  said  gases  can  be  excluded. 
Other  refrigerating  plants  shall  be  provided  with  such  means 
of  exit  as  the  fire  commissioner  may  prescribe.  Rooms  which 
contain  only  the  liquid  supply 
I'ipe  to  the  refrigerating  coils  are 
iiot  included  within  the  meaning 
of   this   section. 

Section  490-E;  The  maximum 
pressure  allowed  in  refrigerating 
machines  shall  not  exceed  300  lb. 
for  ammonia.  1400  lb.  for  carbon 
dioxide,  100  lb.  for  sulphur  diox- 
ide and  100  lb.  for  ethyl  chloride. 
.Vll  pipes  used  for  refrigerating 
l)urposes  shall  stand  a  hydro- 
static test  of  at  least  double  the 
maximum  pressure  per  square 
inch  specified  under  Section  490- 
<".  All  fittings  used  must  be 
guaranteed  to  '.tand  a  pressure 
of  at  least  three  times  the  maxi- 
mun'  pressure  per  square  inch 
specified    under    Section    490-C. 

Section  490-F:  No  room  con- 
taining refrigerating  pipes  un- 
der pressure  shall  have  in  it  any 
open  fiame,  arc  lights  or  direct 
openings  into  the  boiler  room. 
There  shall  be  a  wall  between 
such  room  and  the  boiler  room 
equipped  with  a  self-closing  door. 
Internal-combustion  engines  may 
be  started  in  the  usual  manner. 

Section  490-G:  In  such  large  re- 
frigerating    plants     as     may     be 
designated    by    the    fire    commis- 
sioner, there  shall  be  kept,  fit  and 
av.ailable    for    use,    suitable    hel- 
mets     which      will      permit      the 
"wearer    to    reach,    without    suffo- 
cation,  any   part   of   the   refriger- 
ating system. 
Section   490-H:  In  all   refrigerating  plants   the  pipes  in  the 
engine  room  shall  have  conspicuous  signs  displayed  at  proper 
places   designating   in   easily   legible   letters   the   name   of  the 
refrigerating    chemical    contained    therein. 

Section  490-1:  In  all  refrigerating  plants  there  shall  be 
posted  several  copies  of  a  brief  set  of  rules  satisfactory  to 
the  fire  commissioner,  directing  all  employees  as  to  their 
duties  in  case  of  fire  or  other  emergencies.  Employers  shall 
be  responsible  for  the  proper  drilling  of  all  employees  in  such 
emergency  duties. 

Section  490-J:  Refrigerating  plants  may  store  a  surplus 
stock  of  the  refrigerating  chemical  of  two  cylinders,  or,  if 
necessary,  a  quantity  not  to  exceed  10  per  cent,  of  the  charge 
of  the  plant.  No  cylinder  containing  gas  under  pressure  shall 
be  stored  in  the  boiler  room. 

Section  490-K:  No  refrigerating  machine  of  over  three 
tons  refrigerating  capacity  shall  be  operated  unless  under 
the  charge  of  a  person  holding  a  certificate  of  fitness  from 
the   fire   commissioner. 

Section  490-L:  Fire  department  fee  for  permit — 10  tons 
refrigerating  capacity  or  less,  $2;  10  to  50  tons  refrigerating 
capacity,    $5;    over    50    tons    refrigerating    capacity,    $10. 

Section  490-M:  The  fire  commissioner  may  exempt  from 
the  provisions  of  these  regulations  refrigerating  machines 
of  less  than  three  tons  refrigerating  capacity,  provided  a 
certificate   of  approval   has  been   issued   for   such   machines. 


[Editorial  comment  on  these  rules  is  made  on  page  S49  of 
this  issue,  and  the  discussion  of  them  before  the  recent  meet- 
ing of  the  American  Society  of  Refrigerating  Engineers 
appears  on  page  S66. — EDITOR.] 
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The  3oth  annual  meeting  of  the  American  Society  of  Jle- 
chanical  Engineers,  held  at  tlie  Engineering  Societies  Build- 
ing, New  York,  Dec.  1-4,  emphasized  more,  than  has  any 
previous  meeting,  tlie  relation  of  the  engineer  to  the  body 
politic,  and  the  importance  of  tlie  engineer  in  the  public 
service.  It  enlisted  interest  and  attracted  attention,  therefore, 
from  a  wider  circle  than  have  meetings  devoted  more  strictly 
to  the  methods  and  details  of  the  work  of  the  profession,  and 
should  have  an  important  effect  upon  the  progress  of  the 
movement  to  obtain  a  "wider  appreciation  and  recognition  of 
the  engineer  as  a  factor  in  big  enterprises  and  in  public 
affairs. 

The  keynote  to  this  was  sounded  in  the  address  of  the 
retiring  president,  James  Hartness,  which  dealt  with  "The 
Human  Element — the  Key  to  Economic  Problems."  An  entire 
day  was  devoted  to  a  Public  Service  Session,  which  was 
opened  by  Hon.  John  Purroy  Mitchel,  mayor  of  New  York; 
addressed  by  Andrew  Carnegie,  and  attended  by  mayors,  com- 
missioners and  the  heads  of  many  municipal  departments. 
The  committee  appointed  by  the  Society  to  Formulate  Stand- 
ard Specifications  for  the  Construction  of  Steam  Boilers  and 
other  Pressure  Vessels  and  for  their  Care  in  Service  pre- 
sented a  progress  report,  the  discussion  of  which  occupied 
the  attention  of  the  whole  Society  during  "VTednesday  fore- 
noon and  continued  in  well  attended  sessions  throughout  the 
■week.  The  code  ^vh^ch  this  committee  is  preparing  is  de- 
signed to  be  the  basis  of  uniform  legislative  regulation  In 
all  the  states.  Such  regulation  involves  many  interests,  is 
accepted  reluctantly  by  some,  while  all  are  keenly  watchful 
for  features  which  may  possibly  affect  them  prejudicially. 
It  has  been  a  harro'^'ing  task  to  overcome  opposition,  to 
reconcile  conflicting  interests  and  to  evolve  a  code  which 
should  eliminate  doubtful  design  and  construction  and  favor 
safe  and  intelligent  operation  "n'ithout  putting  an  insupport- 
able burden  upon  present  installations  and  the  users  of  ex- 
isting methods,  but  the  hearings  of  this  meeting  were  char- 
acterized by  an  evident  acceptance  of  the  fact  that  the  work 
must  be  done,  and  by  a  united  effort  to  do  it  in  the  best 
possible  manner,  so  that,  as  Chairman  Stevens  expressed  it, 
"we  may  have  in  the  future  a  little  better  boiler  for  a  little 
more   money  and  less  reckless  disregard    for  human   life." 

It  is  expected  that  the  committee  will  be  able  to  present 
its  recommendations,  revised  in  the  light  of  the  discussions 
and   in    final   form   at   the   spring   meeting  of  the   Society. 

The  meeting  was  not  lacking  in  more  technical  material. 
The  papers  interesting  to  "Power"  readers:  "The  Design  and 
Operation  of  the  Cleveland  Municipal  Electric  Light  Plant," 
by  Frederick  W.  Ballard,  engineer  of  construction  for  the 
plant;  "A  Rate  Flow  Meter,"  by  H.  C.  Hayes;  "Laboratory  for 
Teeing  and  Investigating  Liquid  Flow  Meters  of  Large 
Capacity,"  by  W.  S.  Giele,  of  the  Harrison  Safety  Boiler 
Works:  "A  New  Volume  Regulator  for  Air  Compressors."  by 
Ragnar  Wikander;  "The  Clinkering  of  Coal,"  by  Prof.  Lionel 
S.  Marks,  of  Harvard  University,  and  "Damages  for  Loss  of 
Water  Power,"  by  F.  W.  Dean,  as  well  as  the  discussion  of 
the    Boiler     Specifications     Code,     will     be     treated     in     future 


OPEXIMG    SKSSIOX 

The  formal  opening  of  the  meeting  took  place  Tuesday 
evening  with  the  address  of  President  James  Hartness,  an 
abstract   of   which   follows: 

THE    HUMAN    ELEMENT— THE    KEY    TO    ECONOMIC 
PROBLEMS 

In  his  address  on  the  above  subject  the  president  points 
out  that  the  world  of  mechanism  has  become  so  intri- 
cate and  complex  that  It  has  gone  beyond  the  capacity  of 
any  single  Individual,  that  each  one  must  be  content  to 
comprehend  only  a  small  part,  and  that  It  Is  only  by  select- 
ing the  character  and  limiting  the  amount  of  material  that 
is  taken  into  our  individual  minds  that  we  can  hope  to 
accomplish  the  best  results.  Wc  should  not  overload  our 
minds  with  data  to  the  exclusion  of  thoughts  of  an  Initiative 
character. 

Man  Is  a  creature  of  habit,  and  the  most  efflclent  use  of 
mind  and  body  demands  a  scheme  of  life  that  permits  each 
one  to  take  advantage  of  this  fact.  Specialization  and  repeti- 
tion, by  which  habit  is  formed,  are  both  essential   to  success. 

Carrying  the  principles  of  the  Individual  Into  the  realm 
of  organized  Industry,  It  is  a  fact  that  large  organizations 
are  essential  as  affording  an  opportunity  for  the  most  com- 
plete subdivision  of  work  and  the  greatest  degree  of  special- 
ization, both  of  which  lead  to  the  most  effective  employment 
of    human    energy.       Antaironlsm    to    the    l.nri;e    ori-':iiilzat  ions 


should  be  directed  against  corrupt  practices,  and  not  against 
the  organization  itself,  which  involves  the  workers'  inter- 
est. The  greatest  good  to  the  greatest  number  requires  that 
we  take  into  consideration  each  human  being,  his  desires 
and  his  needs  in  finding  the  work  for  which  he  is  best 
endowed. 

The  large  industrial  plant,  to  be  ideal,  should  have  a 
capital  as  large  as  any  competing  organization,  a  small  har- 
monious board  of  directors  with  an  able  leader,  and  an  able 
staff  of  officers,  the  chief  executive  of  which  should  combine 
a  knowledge  of  the  technical  and  business  side  of  the  indus- 
try with  the  fullest  possible  conception  of  the  human  ele- 
ment. Long  continuity  in  service  should  be  given  the  first 
place  in  the  scheme  of  management.  Each  position  through- 
out the  entire  organization  should  be  filled  with  someone 
who  considers  that  position  the  best  in  the  world  for  him. 
Each  officer  and  each  workman  should  have  a  live  interest  in 
his  part  of  the  work.  Each  one  should  by  specialization  be- 
come the  most  efficient  in  his  particular  work.  The  interest 
of  the  officer  or  worker  should  be  maintained  by  some  fitting 
stimulus,  and  each  one  should  be  protected  so  far  as  possible 
from   influences   calculated   to   induce    discontent. 

Surely  the  investor  should  look  with  distrust  upon  a  man- 
agement that  is  always  changing  officers,  changing  men, 
changing  models,  changing  methods  without  regard  to  the 
inertia  of  habit  and  the  human  element  which  is  the  life 
blood  of  every  organization.  He  would  also  look  with  doubt 
on  any  sclieme  of  management  that  allows  the  careless  em- 
ployment and  discharge  of  men  without  due  regard  to  the 
loss  involved  by  such  changes,  for  the  perpetual  changing 
of  men  is  equivalent  to  the  change  of  character  of  work  in 
its   handicap   to   industrial    efficiency. 

Following  the  address  came  the  report  of  the  tellers  of 
election  of  officers.'  which  announced  the  election  of  Dr.  John 
A.  Erashear  as  president:  Henry  Hess,  James  E.  Sague  and 
George  W.  Dickie  as  vice-presidents,  and  Charles  T.  Main. 
Spencer   Miller,   Max  Toltz  and  Morris  L.   Cooke  as  managers. 

The  annual  reception  to  the  president,  president-elect, 
members  and  guests,  followed  by  dancing  and  a  collation  in 
the    Society's    rooms,    concluded    the    evening's    program. 

WEDNESDAY 

After  the  business  meeting  on  Wednesday  morning,  tlie 
professional  sessions  opened  with  the  following  papers: 
"Floor  Surfaces  in  Fireproof  Buildings,"  by  S.  E.  Thompson: 
"Reinforced  Concrete  Factory  Buildings,"  by  F.  W.  Dean; 
"Measuring  Efficiency,"  by  H.  L.  Gantt;  "Standardization  in 
the  Factory,"  by  C.  B.  Auel;  "Operation  of  Grinding  Wheels 
in  Machine  Grinding,"  by  G.  E.  Alden,  and  "Friction  Losses 
in  the  Universal  Joint,"  by  P.  P.  Walker  and  W.  J.  Malcolm - 
son. 

At  the  simultaneous  session  of  the  railroad  section,  the 
report  of  the  sub-committee  on  railroads  was  submitted,  deal- 
ing with    "Steam    Locomotives   of  Today." 

The  ladies  held  a  reception  and  Th6  Dansant  from  4  to  il 
p.m.    in    the   Society's    rooms. 

Wednesday  evening  the  award  of  the  John  Fritz  Medal 
was  made  to  Prof.  John  E.  Sweet,  of  Syracuse,  N.  Y.,  hon- 
orary member  and  past-president  of  the  Society,  "in  recog- 
nition of  his  achievements  in  machine  design  and  his  pioneer 
work  in  applying  sound  engineering  principles  to  the  con- 
struction  and   development   of   the   high-speed   steam   engine." 

Addresses  were  delivered  by  Dr.  James  Douglas,  honorary 
member  and  past-president  of  the  American  Institute  of 
Mining  Engineers,  and  Dr.  S.  W.  Stratton.  director  of  the 
Bureau   of  Standards. 

THITRSDAY 

A  new  feature  of  the  professional  program  was  a  session 
devoted  exclusively  to  public-service  problems.  This  occu- 
pied all  day  Thursday  and  w,as  opened  with  .-in  address  by 
Mayor  Mitchel,  of  New  York,  who  spoke  on  the  important 
rOle  of  the  engineer  In  municipal  affairs.  In  this  connection, 
he  referred  to  the  Bureau  of  Elflclency  which  he  established 
some  time  ago  .and  which  has  done  excellent  work  In  elim- 
inating lost  motion  .among  the  city  departments  and  In  stand- 
ardizing methods,  costs,  etc.  This  Is  essentially  an  engineer- 
ing bureau. 

Following  the  mayor,  Andrew  Carnegie  made  a  few 
remarks  on  the  debt  which  society  In  general  owes  the  en- 
gineer, and  then  indulged  In  a.  few  pleasantries  with  Presi- 
dent-elect   Brashear.    who   replied    In    kind. 

The  first  regular  paper  of  this  session  was  prepared  by 
Henry  Bru<>re,  city  chamberlain,  who  dealt  with  "The  Future 
of    the    Police    Arm    from    an    Engineering    Standpoint."      Con- 
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sidered  in  their  special  applications,  police  work  and  engi- 
neering appear  to  have  little  in  common,  but  as  viewed  in  a 
broader  sense,  Mr.  Brufire  pointed  out  the  urgent  necessity 
for  engineering  methods  in  police  work;  that  is,  the  latter 
should  be  developed  on  scientific  lines,  and  in  place  of  cun- 
ning and  cudgels  there  must  be  substituted  a  policy  based 
upon  a  knowledge  of  needs,  feasible  standards  of  service 
and   an    organization   capable   of   attaining   them. 

Morris  S.  Cooke,  Director  of  Public  Works,  City  of  Phila- 
delphia, next  spoke  on  "Some  Factors  in  Municipal  Engineer- 
ing," calling  attention  to  the  opportunity  for  engineers  in 
municipal  work  and  to  the  fact  that  at  present  a  large  part 
of  this  field  is  covered  by  nontechnical  men.  Contrary  to  the 
theory  of  civil  service,  the  best  men  seldom  apply  for  the 
more  important  positions,  and  it  then  becomes  necessary  to 
go  out  and  find  them,  offering  such  inducements  as  will 
attract  the  right  man  for  the  place.  In  such  cases,  the  ap- 
pointing oflicer,  through  some  form  of  merit  system  or  other- 
wise, should  be  given  a  freer  hand  in  making  selections. 
As  a  safeguard,  the  author  believed  the  four  national  engi- 
neering societies  might  act  in  an  advisory  capacity  to  federal, 
state   and   municipal    civil    service    commissions. 

Further,  the  effectiveness  of  the  engineer  in  public  em- 
ploy is  largely  dependent  upon  the  support  accorded  him  by 
his  profession  in  the  education  of  the  public  to  proper  policies 
of  administration.  Too  many  matters  that  should  be  de- 
termined by  technical  and  scientific  considerations  are  now 
decided  by  vote,  of  which  the  control  of  the  budget  in  many 
municipalities  affords   a    striking   example. 

As  a  citation  of  one  instance  in  which  the  engineer  is 
being  properly  recognized,  Edward  Flad  offered  extracts 
from  the  new  charter  of  St.  Louis,  by  which  a  Board  of 
Public  Service  is  created,  composed  of  a  president  and  four 
directors,  two  of  which  must  be  engineers  of  technical  train- 
ing. 

"The  Engineer  and  Publicity"  was  the  title  of  the  next 
paper.  In  this,  C.  E.  Drayer,  of  Cleveland,  pointed  out  the 
opportunity  of  rendering  service  to  the  public  by  giving  it 
dependable  information  about  technical  subjects.  One  rea 
son  for  the  general  lack  of  engineering  news  in  the  daily 
newspapers  is  that  the  ordinary  reporter  lacks  the  necessary 
technical  knowledge  to  handle  it.  The  speaker  referred  to 
the  excellent  work  now  being  done  by  the  Cleveland  En- 
gineering Society  in  cooperating  with  the  editors  of  local 
papers  and  supplying  engineering  items  of  a  popular  nature. 
He  believed  the  work  might  be  extended  and  carried  on 
broadly  through  the  medium  of  magazines,  pamphlets  and 
the  lecture  platform,  in   addition   to  the  daily  newspapers. 

A  paper  that  attracted  unusual  attention  was  "The  De- 
sign and  Operation  of  the  Cleveland  Municipal  Electric  Light 
Plant,"'  by  F.  W.  Ballard.  This  25,000-kw.  plant,  the  largest 
of  its  kind  in  the  country,  went  into  operation  last  July  and 
supplies  n'^t  only  city  light  and  power,  but  also  commercial 
service  at  extremely  low  rates,  ranging  from  a  maximum 
of  3c.  to  a  minimum  of  Ic.  per  kw.-hr.  Based  on  .an  annual 
output  of  60,000,000  kw.-hr.  and  a  total  plant  investment  of 
$3,000,000.  the  fixed  charges,  at  9  per  cent.,  would  amount 
to  $0.0034  per  kw.-hr.;  the  coal  at  $0,002  per  kw.-hr.;  the 
station  costs  exclusive  of  coal  at  $0.0015,  and  the  distribution 
costs,  exclusive  of  fixed  charges,  at  $0,004  per  kw.-hr.  Add- 
ing to  this,  administration  charges  at  $0.0005  and-  profits 
at  S  per  cent,  on  the  investment,  makes  the  total  average 
cost  per  kilowatt-hour  generated,  $0.0165. 

The  past  three  months'  operation  of  the  plant  and  the 
tests  that  have  been  conducted  indicate  that  these  estimates 
will    be    attained. 

The  remaining  papers  of  this  session  were  "The  Handling 
of  Sewage  Sludge,"  by  George  S.  Webster;  "Training  for  the 
Municipal  Service  in  Germany,"  by  C.  L.  King;  "A  Study  of 
Cleaning  Filter  Sands  with  no  Opportunity  for  Bonus  Pay- 
ments," by  S.  E.  Thompson,  and  "Snow  Removals"  from  a 
report  of  the  committee  on  resolutions  of  the  Snow  Removal 
Conference,    held    last    spring    in    Philadelphia. 

Simultaneous  with  the  Public  Service  meeting  on  Thursday 
were  sessions  on  iron  and  steel  and  on  cement.  The  papers 
of  the  former  consisted  of  "Factors  in  Hardening  Tool  Steel," 
by  J.  A.  Mathews  and  H.  J.  Stagg;  "Standardization  of  Chilled 
Iron  Crane  Wheels,"  by  F.  K.  Vial,  and  "The  Mechanical 
Elimination  of  Seams  in  Steel  Products,  Notably  Steel  Rails," 
by  R.  W.  Hunt.  Only  one  paper  was  presented  at  the  cement 
section,  namely,  "Electric  Drive  for  Economic  Operation  and 
Development    of    Cement   Mills,"    by   J.    B.    Porter. 

The  main  social  event  of  the  meeting  was  the  dinner- 
dance  held  in  the  grand  ballroom  of  the  Hotel  Astor,  Thurs- 
day evening.  The  dinner  was  a  novelty,  being  a  progressive 
one,  in  which  the  couples  moved  from  table  to  table  at  the 
end  of  each  course,  and  in  each  interval  between  the  courses 

•This  paper  will  be  abstracted  more  fully  in  a  later  issue. 


there  were  three  dances.  Dancing  continued  after  the  end 
of  the  dinner.  The  affair  was  a  marked  success,  showing 
that  the  innovation  was  appreciated.  Heretofore  the  Re- 
union, as  this  evening's  affair  is  designated,  has  taken  the 
form  of  a  dinner  or  a  dance,  but  this  year  they  were  com- 
bined. 

KRID.4Y 

The  first  paper  of  the  Friday  morning  session,  by  H.  C. 
Hayes,  described  a  new  type  of  rate  flow  meter  which  oper- 
ates in  accordance  with  the  relation  connecting  the  flow  and 
the  resulting  difference  in  pressure  between  the  surface  and 
the  axis  of  a  spiral  vortex.  The  meter  is  as  simple  as  the 
venturi  or  pitot  forms,  consisting  of  a  cylindrical  chamber 
terminating  in  a  cone  at  one  end,  with  the  other  end  capped. 
The  fluid  enters  through  a  tangential  inlet,  thus  imparting 
a  vortical  motion  to  the  contents  of  the  chamber,  and  leaves 
through  an  axial  outlet  into  which  the  cone  terminates.  The 
low-pressure  tap  is  taken  out  through  the  center  of  the  top 
cap  and  the  high-pressure  tap  through  the  side  of  the  cham- 
ber.    There   are   no   moving  parts. 

"A  Laboratory  for  Testing  and  Investigating  Liquid  Plow 
Meters  of  Large  Capacity,"  by  W.  S.  Giele,  was  the  next  paper, 
which  was  followed  by  the  description  of  a  "New  Volume 
Regulator  for  Air  Compressors,"  by  Ragnar  "Wikander.  This 
regulates  the  amount  of  intake  air  for  air  compressors  with 
automatic  or  poppet  type  of  valves.  In  order  to  decrease  the 
amount  of  intake  air,  the  suction  valves  are  kept  open  by 
force  during  a  part  of  each  discharge  period,  thereby  allow- 
ing part  of  the  air  which  has  been  drawn  into  the  cylinder 
during  the  suction  period  to  return  through  the  valves,  which 
close  as  soon  as  the  amount  of  intake  air  remaining  in  the 
cylinder  has  decreased  so  as  to  correspond  to  the  amount  of 
compressed    air   required    at   the    time. 

The  next  paper  was  by  P.  F.  Walker,  on  "Physical  Laws 
of  Methane  Gas,"  which  was  followed  by  a  discussion  of  the 
"Clinkering  Properties  of  Coal,"  by  L.  S.  Marks.  This  as 
well  as  the  concluding  paper  of  the  session,  "Damages  for 
Loss  of  Water  Power,"  by  F.  W.  Dean,  will  be  treated  more 
fully   in   a   later   issue. 

James  Hartness,  president  of  the  American  Society  of 
Mechanical  Engineers  for  the  year  1914,  was  born  in  Schenec- 
tady, N.  Y.,  in  1861.  The  first  twenty  years  of  his  life  were 
spent   at    Cleveland,    Ohio,    where   after    graduating    from    the 


James  Haetness,  Eetiiung  President  of  the  Ameri- 
can Society  of  Mechanical  Engineers 

public  schools  he  began  practical  work  in  machinery  build- 
ing plants.  For  the  next  three  years  he  held  a  position  as 
foreman  of  a  manufacturing  plant  in  Winsted,  Conn.,  and  for 
the  four  years  following  was  with  a  hardware  manufacturing 
plant  in  Torrington,  Conn.,  where  he  finally  served  as  in- 
ventor. 
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In  the  tall  of  ISSS.  Mr.  Hartness  designed  machinery  for 
the  Jones  &  Lamson  Machine  Co.  at  Springfield,  Vt.,  and 
shortly  afterward  took  an  active  part  in  the  management  of 
this  company.  He  served  successively  as  superintendent, 
manager  and.  for  the  last  dozen  years,  as  president.  During 
this  period  he  has  become  one  of  the  most  prominent  manu- 
facturers in  New  England  and  one  of  the  most  widely  known 
engineers  in  the  country,  particularly  in  the  machinery  build- 
ing industry,  through  the  invention  and  manufacture  of  the 
flat  turret  lathe  and  of  various  other  machines  and  tools  for 
turning  metal- 
In  1910  he  invented  the  turret  equatorial  telescope,  de- 
signed to  protect  the  astronomer  from  the  rigors  of  a  cold 
winter  climate.  One  of  these  instruments  was  built,  and 
erected  at  his  residence  at  Springfield,  Vt..  and  formed  the 
subject  of  a  paper  before  the  Society  at  the  annual  meeting 
of  1910. 

Mr.  Hartness  became  a  member  of  the  American  Society  of 
Mechanical  Engineers  in  1891.  He  is  a  fellow  of  the  American 
Association  for  the  Advancement  of  Science,  and  a  member  of 
the  Institution  of  Mechanical  Engineers,  the  Verein  deutscher 
Ingenieure,  the  Astronomical  and  Astrophysical  Society  of 
America,  the  London  Astronomical  Society,  the  Royal  Arts 
Society,  the  Boston  Chamber  of  Commerce,  and  is  a  vice-pres- 
ident of  the  Western  New  England  Chamber  of  Commerce. 
He  was  granted  an  honorary  degree  of  M.  E.  by  the  University 
of  Vermont  in  1910. 


m.   A. 


John  A.  Erashear.  tiie  newly  elected  president  of  the 
American  Society  of  Mechanical  Engineers,  is  known  through- 
out the  world  as  a  manufacturer  of  astronomical  and  physical 
instruments.  He  was  born  in  Brownsville,  Penn.,  in  1840,  and 
received  what  little  formal  education  he  had  in  the  public 
schools.  After  learning  the  trade  of  patternmaking,  at  the 
age  of  twenty-two  he  was  established,  apparently  for  life,  as 
a  millwright   in   a   Pittsburgh   rolling  mill. 


Dn.  John  A.  Bk.vshe.vh,  President-Elect  of  the 
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But  he  was  not  content  to  work  only  for  his  bread  and  but- 
ter. He  and  his  ambitious  young  wife  spent  their  even- 
ings studying  astronomy.  Having  no  money  to  buy  a  tele- 
scope they  made  one  for  themselves.  Their  first  glass,  a  flve- 
liich  one,  took  three  years  to  grind.  Unsatisfied  with  Its  limita- 
tion.'!, they  set  to  work  on  a  twelve-Inch  glass,  only  to  have 
it  break  In  the  silvering  process  after  two  years  of  grinding 
and  correcting.  The  next  glass  proved  successful,  and  was 
the  turning  point  In  young  Brashcar's  career.  Langley,  then 
in  charge  of  the  Allegheny  Observatory,  began  to  entrust  hini 
with  some  of  the  observatory  Instruments.  At  the  same  time, 
certain   astronomical  articles  which  Brashear  had    written   at- 


tracted the  attention  of  William  Thaw,  one  of  the  patrons  of 
the  observatory,  and  he  advanced  the  capital  so  that  Brashear 
might  move  to  Allegheny  and  set  up  a  shop  there. 

Brashear's  greatest  work  in  the  field  of  science  began  with 
this  move  to  Allegheny.  An  account  of  the  accomplishments 
of  his  shop  would  be  a  history  of  modern  astronomy.  Per- 
haps his  most  important  achievement  has  been  in  connection 
with  the  design  and  development  of  the  spectroscope  for 
astronomical  uses,  particularly  with  reference  to  the  mechan- 
ical  features. 

Mr.  Brashear's  more  purely  scientific  work  also  brought 
recognition,  and  about  the  time  of  his  removal  to  Allegheny 
he  was  given  an  appointment  in  tlie  University  of  Western 
Pennsylvania  of  which  the  Allegheny  Observatory  was  a  de- 
partment. 

The  John  A.  Brashear  Company.  Ltd..  which  Dr.  Brashear 
formed  with  his  son-in-law,  James  B.  McDowell,  in  Allegheny, 
has  been  devoted  to  the  construction  of  apparatus  for  special 
work,  rather  than  more  commercially  profitai^le  products.  The 
firm  has  no  patents  and  no  secrets,  and  wliatever  it  has  ac- 
complished it  has  freely  given  to  the  world.  The  Allegheny 
Observatory,  which  has  long  been  Dr.  Brashear's  special 
hobby,  is  also  unique,  in  that  it  is  at  the  disposal  of  the 
public,  through  lectures  and  through  access  to  the  telescope 
and  other  similar  means.  For  a  number  of  years  past  he  has 
been   a    trustee    of   the   Carnegie    Institute    of   Technology. 

Dr.  Brashear  acted  as  director  of  the  Allegheny  Observ- 
atory from  1898  to  1900.  He  is  a  fellow  of  the  American  As- 
sociation for  the  Advancement  of  Science  and  the  Royal  As- 
tronomical Society  of  Great  Britain;  is  a  past-president  of  the 
Engineers  Society  of  Western  Pennsylvania  and  the  Pitts- 
burgh Academy  of  Ai-ts  and  Sciences:  and  is  a  member  of 
the  British  Astronomical  Association,  the  Society  Astrono- 
mique  de  France,  the  Society  Astronomique  de  Belgique,  the 
American  Philosophical  Society,  the  Astronomical  and  Astro- 
physical  Society  of  America,  the  National  Geographic  Society, 
and  an  Honorary  Member  of  the  Royal  Astronomical  Society 
of  Canada.  He  has  been  honored  with  the  degree  of  LL.D. 
by  Washington  and  Jefferson  College  and  by  Wooster  Univer- 
sity, and  with  the  degree  of  Sc.D.  by  Princeton  University  and 
the    Western    University   of   Pennsylvania. 


Jolhia  !£»  S'yyeet 


Dr.  Sweet,  the  recipient  of  the  John  Fritz  Medal  award  this 
year,  first  became  a  national  figure  from  his  connection  witli 
the   Sibley   College   of  Mechanic   Arts   of  Cornell   University   in 


1)11.  John  Ed.son  Sweet,  Hoxohed  with  the  John 
Fkitz  Medal  Awakd 

1S73.  This  lasted  only  until  1879,  but  In  that  time  he  became 
prominent  for  his  work  In  mechanical  englnoerlntr  education, 
which    was   then   a   new   thing. 
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He  next  turned  his  attention  to  improvement  in  methods 
of  mechanical  construction.  Combining  an  appreciation  of 
Whitworth's  advanced  standards  of  accuracy  with  original 
conceptions  of  fundamentally  correct  principles  of  construc- 
tion of  a  kind  far  surpassing  Whitworth's  worlc,  he  estab- 
lished a  school  of  construction  of  which  the  influence  has  been 
far  reaching.  Along  with  this  went  an  application  of  art  in 
design — not  the  art  of  ornamentation,  but  that  of  perfect 
adaptation  to  purpose.  His  Straight-Line  engine  was  an  em- 
bodiment of  these  principles. 

Dr.  Sweet  was  born  Oct.  21,  1S32,  at  Pompey,  N.  Y.,  his 
mechanical  talent  being  an  inheritance  through  his  mother. 
His  introduction  to  mechanical  worl<  was  through  his  ap- 
prenticeship to  the  carpenter's  trade,  from  which  he  developed 
as  a  builder  and  architect.  In  1SG2  he  went  to  Europe  and  for 
a  time  worked  in  England  as  a  mechanical  draftsman.  Re- 
turning in  1S64,  the  peculiar  individuality  of  his  work  soon 
began  to  manifest  itself,  his  most  ambitious  production  of 
this  period  being  a  typesetting  machine  which  is  still  pre- 
served at  Cornell  University.  Later,  he  was  engaged  in  bridge 
building  for  Howard  Soule,  from  which  work  he  was  drafted 
to  the  Cornell  shop,  where  his  pioneer  work  in  accurate  meas- 
urements was  done.  This  with  other  examples  of  student 
workmanship  was  exhibited  at  the  Centennial  Exposition, 
where  it  attracted  world-wide  attention.  The  Straight-Line 
Engine  Co.,  with  which  his  name  has  been  identified,  was 
organized  soon  after  leaving  the  university.  It  was  his  sug- 
gestion which  led  to  the  organization  of  the  American  Society 
of  Mechanical  Engineers,  of  which  he  was  the  third  president. 


^iniMsini®®5rs  M®©S 


The  tenth  annual  meeting  of  the  American  Society  of  B.S- 
frigerating  engineers  was  held  in  the  Engineering  Societies 
Building,  New  York  City,  Nov.  30  and  Dec.  1.  Three  sessions 
were  held  on  Monday  and  two  on  Tuesday.  For  the  two  days 
of  the  meeting  luncheon  was  served  in  the  Engineers  Club, 
while  a  fine  banquet  in  the  College  Room  of  the  Hotel  Astor 
completed  the  meeting. 

In  his  address.  President  Henry  Torrance  urged  wider 
dissemination  of  refrigeration  data,  and  recommended  con- 
tinued care  in  admitting  new  members  so  as  to  keep  the 
membership  on  a  high  professional  standard. 

The  new  Journal  of  the  society,  introduced  at  this  meeting, 
consists  of  125  pages  of  the  usual  6x9-in.  size.  It  contains 
four  of  the  papers  read  at  the  meeting  and  has  a  review 
section  of  twenty-one  pages.  There  was  considerable  discus- 
sion as  to  whether  the  Journal  should  be  available  to  mem- 
bers only  or  to  all  who  wished  it.  It  was  finally  agreed  that 
nonmembers  might  obtain  copies  through  members  or  a  pub- 
lisher.    The  piir,-  t..  1  .    .  ■    .    _.    I   will  l.(.  fix.d  by  the  council. 


During  the  year  the  fire  prevention  bureau  of  the  fire  de- 
partment of  New  York  began  revising  its  regulations  applying 
to  various  businesses  and  industries,  and  invited  the  society 
to  appoint  a  committee  to  confer  with  it  in  the  revision  of 
its  regulations  applying  to  ammonia  and  other  refrigerants. 
Revision  was  completed  and  the  regulations  (see  this  issue, 
page  S62)  will  go  into  effect  on  Jan.  1,  1915. 

The  second  section  of  the  regulations  requires  that  a  plant 
shall  have  a  pipe  or  pipes  by  which  lines  under  pressure  may 
discharge  into  water  or  conduct  the  gases  to  a  point  not  less 
than   ten   feet  above   the    roofs   of  adjacent  buildings. 

F.  L.  Fairbanks,  of  the  Quincy  Market  Cold  Storage  & 
Warehouse  Co.,  Boston,  "who  is  assisting  the  Massachusetts 
Board  of  Boiler  Rules  in  formulating  regulations  similar  to 
those  of  the  New  York  fire  department,  commented  on  this 
section.  His  argument  was  that  in  most  plants  it  is  not 
practically  possible  to  comply  with  the  section,  for  it  requires 
a  considerable  body  of  water  to  absorb  ammonia  discharged 
in  case  of  severe  accident.  Unless  the  liody  of  water  were  a 
harbor  or  a  river  it  would  soon  become  saturated  and  use- 
less as  an  absorbent.  He  pointed  out  that  a  body  of  ammonia 
gas  has  the  peculiar  property  of  remaining  intact  when  float- 
ing over  a  wide  area.  This  was  demonstrated  to  him,  when, 
owing  to  a  break  in  a  6-in.  suction  line  in  the  Sargent's  Wharf 
plant*  at  Atlantic  and  Eastern  Aves.,  Boston,  several  fami- 
lies were  driven  out  of  their  homes  in  East  Boston,  across  the 
harbor  from  tlie  plant.  Therefore,  the  discharge  of  much  am- 
monia near  open  windows  of  adjacent  buildings  would  be 
decidedly   dangerous. 

Mr.  Fairbanks  cautioned  against  agreeing  to  the  third 
section  of  the  regulations,  which  says:  "All  refrigerating 
machines  shall  be  equipped  with  automatic  safety  devices 
(meaning  safety  valves,  chiefly)  which  discharge  at  300-lb. 
pressure  for  ammonia,  1400  lb.  for  carbon  dioxide,  100  lb.  for 
sulphur  dioxide,  and  100  lb.  for  ethyl  chloride.  He  stated 
that,  to  begin  with,  he  had  every  reason  to  believe  that  there 
was  not  a  tight  safety  valve  for  ammonia  on  the  market. 

Therefore,  the  use  of  safety  valves  that  leak  frequently 
leads  the  engineer  to  plug  them  to  avoid  a  loss  of  part  of  the 
ammonia  charge.  Again,  the  Massachusetts  Board  of  Boiler 
Rules  had  demonstrated  in  Mr.  Fairbanks'  plant  that  the  pop 
type  of  safety  valve  so  suddenly  liberates  ammonia  gas  that 
there  is  little  likelihood  of  persons  getting  out  of  the  room 
into  which  the  gases  are  discharged.  This  board,  Mr.  Fair- 
banks said,  will  not  permit,  on  ammonia  compressor  heads,  the 
use  of  safety  valves  set  to  blow  at  400  lb.  into  a  pipe  hav- 
ing a  safety  valve  set  at  200  11).  and  discharging  into  a  re- 
ceiver. The  question  of  the  disposition  of  escaping  ammonia 
gases  and  of  safety  valves  is  so  serious  that  the  board  has 
not  yet  solved   it.     After  hearing   this   report,   President  Tor- 
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ranee  continued  the  New  York  committee  and  added  the  name 
of  Mr.  Fairbanlvs  inasmuch  as  his  experience  showed  that  the 
refrigerant  regulations  of  New  York  City's  fire  prevention  bu- 
reau had  serious  shortcomings.  In  view  of  this  it  would  seem 
that  New  Y'ork  City  would  do  well  to  cooperate  with  tlie 
Massachusetts  Board  of  Boiler  Rules.  We  editorially  com- 
ment on  this  on  page  S49  of  this  issue. 

The  committee  under  Dr.  Dannenbaum,  of  Philadelphia, 
formed  to  investigate  the  sources  and  compositions  of  foreign 
gases  in  refrigerating  systems  made  a  preliminary  report. 
In  several  cases  analyses  of  the  gases  showed  them  to  contain 
from  91  to  95  per  cent,  nitrogen,  the  balance  being  oxygen 
That  the  presence  of  much  of  the  foreign  gases  is  due  to  the 
volatilization  of  the  lubricating  oils  is  shown  by  the  fact  that 
the  committee  was  not  able  to  find  a  natural  American  oil  that 
would  not  crack  at  commercial  compressor  temperatures.  One 
Russian  oil  subjected  to  temperatures  higher  than  met  in 
practice  could  not  be  made  to  crack. 

In  this  connection  it  is  interesting  to  note  that  one  emi- 
nent authority  has  stated,  not  publicly,  that  tests  of  this 
nature — i.e.,  where  the  oils  are  subjected  chiefly  to  a  heat  test 
to  indicate  characteristics  of  volatilization — may  not  lead  to 
accurate  conclusions,  for  the  tests  do  not  consider  the  effect 
of  impact  of  the  oil  at  each  stroke.  The  Bureau  of  Standards 
is  cooperating  with  this  committee,  and  it  is  lioped  that  next 
year  a  valuable  and  interesting  report  will  be  presented.  Rel- 
ative to  the  cold  tests  of  oils,  some  oil  companies,  or  at  least 
the  Standard  Oil  Co.,  is  removing  the  wax  from  paraflin- 
base  oil  by  first  cooling  it,  and  while  at  — 10,  — 20,  or  — 30  deg. 
F.,  squeezing  out  the  wax.  In  other  words,  what  nature  has 
done  in  Russia  the  Standard  Oil  Co.  is  endeavoring  to  do 
here. 

President  Torrance  read  a  short  paper  on  ammonia  con- 
densers, but  was  justly  censured  for  not  having  been  thor- 
ough enough  in  his  tests.  The  paper  on  ammonia  condensers 
by  Fred  Ophiils,  of  New  York  City,  was  thorough  and  scien- 
tific. It  should  be  noted,  however,  that  Mr.  Ophiils'  purpose 
was  to  stimulate  investigation  into  the  causes  that  affect  the 
efficiency  of  ammonia  condensers,  by  stating  test  results  and 
by  giving  theoretical  deductions,  the  latter  requiring  further 
consideration   for  accuracy  before  acceptance. 

Unfortunately,  it  is  the  practice  in  the  society  to  read 
papers,  even  though  they  are  already  published  in  the  Jour- 
nal, instead  of  reading  abstracts  only,  so  Mr.  Ophiils'  paper 
was  not  discussed,  because  the  reading  of  it  used  all  the  time 
available. 

The  objection  to  reading  the  entire  paper  was  even  more 
pronounced  when  the  excellent  paper  on  cooling  towers  by 
B.  H.  Coffey  and  George  A.  Home  was  presented.  Relative  to 
the  important  problems  in  meteorology  and  engineering  in- 
volving the  humidity  of  climates  and  the  evaporation  losses 
In  reservoirs  and  lakes,  the  subject  was  shown  to  be  not  only 
extremely  complex,  but  that  a  suitable  mathematical  expres- 
sion for  evaporation  to  the  atmosphere  was  still  lacking 
despite  the  fact  that  the  bibliograph.v  comprises  more  than 
eight   hundred   publications,   dating   from    1670   to   the   present. 

Mr.  Coffe.v  told  how  ice  is  formed  under  peculiar  conditions 
in  India  in  places  near  the  Himalayas.  A  pit  two  feet  deep  is 
filled  with  rice  straw  to  within  six  inches  of  the  top.  On  top 
of  the  straw  cups  of  water  are  placed.  With  an  atmospheric 
temperature  of  50  deg.  or  less,  and  when  a  north-northwest 
wind  or  one  coming  from  the  mountains  blows,  ice  forms. 
But  with  much  lower  atmospheric  temperatures  and  other 
wind  directions  ice  cannot  be  made  to  form.  Tlie  air  from  the 
mountains  is  low  in  humidity  and  as  the  tops  of  the  cups  are 
six  inches  below  the  ground  sui'face,  a  blanket  of  dry  air  is 
present.  The  evaporation  of  this  water  to  that  air  is  rapid 
enough  to  cause  freezing. 

A  paper  by  R.  S.  Broas,  of  New  York  City,  on  rotary  com- 
pressors for  refrigeration  was  thtrn  read.  Mr.  Fairbanks 
found  that  with  most  compressors  built  on  the  design  of  the 
Kinney  pump  serious  shocks  were  produced  owing  to  the  un- 
balance due  to  the  "long  side"  of  the  cam-ahaped  rotor.  He 
overcame  this  to  some  extent  by  extending  the  shaft  and 
mounting  on  it  another  rotor  outside  the  casing  and  with  its 
"long  side"   opposite  that  of  the   other    rotor. 

Mr.  Shipley,  of  the  York  Manufacturing  Co.,  said  that  his 
c  ompany  had  tried  out  in  its  testing  plant  all  available  rotary 
compressors,  but  found  none  that  was  commerclaHy  applicable 
to  gener.Tl  ammonia  compression.  It  was  the  gfneral  opinion 
of  those  present  that  rotary  compressors  were  unsulted  to 
any  but  low-pressure   service,   such   as  booster   work. 

The  last  and  most  Interesting  paper  read  was  by  F.  L. 
Fairbanks,  who  took  as  his  subject  the  design,  construction 
and  operation  of  a  1000-ton  ammonia  compressor.  As  this 
machine,  as  well  as  all  of  the  Important  engineering  practice 
In  Mr.  Fairbanks'  plant,  is  described  In  a  scries  of  articles  In 
"Power"  for  Dec.  S,  15,  22,  29,  1!)14.  and  ,Ian.  5,  1915,  we  refer 
the  reader  to  them. 


So  much  time  was  consumed  with  the  reading  ot  papers 
that  there  was  little  topical  discussion,  often  so  valuable.  An 
interesting  one  was  given  by  Dr.  F.  W.  Frerichs,  of  St.  Louis, 
on   the  manufacture  of  cylinders   for  shipment   of   ammonia. 

That  well  known  happy  toastmaster,  Theodore  O.  Vilter,  of 
Milwaukee,  presided  at  the  banquet.  Among  the  speakers 
were  Louis  Block,  inventor  of  the  Block  condenser;  John  E. 
Starr,  Thomas  Shipley,  Prof.  C.  E.  Lucke,  of  Columbia  Univer- 
sity and  Mr.  Freeman,  of  Boston.  Prof.  Lucke  drew  the  fire 
of  Mr.  Starr  by  charging  refrigeration  engineers  with  little 
or  no  progress  in  extending  the  application  of  refrigeration 
to  the  industries.  The  professor  was  severe  in  his  criticism. 
Mr.  Starr,  in  defense  of  the  art,  mentioned  the  Eastman  Kodak 
Co.,  of  Rochester,  N.  Y.,  as  one  noteworthy  example  of  the  ap- 
plication of  refrigeration.  He  stated  that  an  advance  had 
been  made  in  the  amount  of  ice  produced  per  ton  of  coal.  A 
few  years  ago  it  was  but  six  and  seven;  today  it  is  twenty  and 
more.  Then  too  there  is  the  application  of  refrigeration  to 
metallurgy,  the  paraffin  industry,  cooling  of  maga.iines  aboard 
warships,   cooling  of  batteries  in   submarines,   etc. 

The  fourth  Western  meeting  of  the  society  will  be  held  in 
San  Francisco,  1915,  concurrent  with  the  International  Engi- 
neering Congress. 

Louis  Doelling,  president  of  the  De  Da  Vergne  Machine 
Co.,  was  elected  president;  Ezra  Frick,  vice-president;  George 
A.  Home  was  retained  as  treasurer. 

BJsifta®Eagil  Forests 

The  Secretary  of  Agriculture  and  the  state  water  com- 
mission of  California  have  entered  into  a  cooperative  agree- 
ment for  the  use  of  water-powers  within  the  national  forests 
of  that  state.  It  is  announced  that  questions  which  have 
been  pending  for  some  time  are  effectually  settled  by  this 
agreement. 

The  district  forester  at  San  Francisco,  mentioned  in  the 
paper,  is  the  field  oflicer  of  the  forest  service  who  has  charge 
of   the   administration   of   the   federal   forests   in   California. 

The   agreement   follows   in   full: 

For  the  purpose  of  facilitating  the  approval  of  applications 
for  water  rights  and  for  the  occupancy  and  use  of  national 
forest  land  within  the  state  of  California  for  the  development 
of  water-power,  and  in  order  that  uniform  action  mav  be 
taken  with  respect  to  such  applications,  the  Secretary  of  the 
United  States  Department  of  Agriculture  and  the  wafer  com- 
mission of  the  state  of  California,  subscribe  to  the  following 
coiiperative  agreement; 

1.  Whenever  an  application  for  either  a  preliminary  or  a 
final  permit  for  a  water-power  site  is  filed  with  the  district 
forester  at  San  Francisco,  Calif.,  and  the  evidence  of  the  ap- 
I)ropriation  of  water  consists  of  a  notice  posted  in  conform- 
ity with  the  provisions  of  Section  1415  of  the  Civil  Code  of 
California,  immediate  notice  of  such  application  for  a  permit, 
consisting  of  the  name  of  the  applicant,  the  name  of  the 
stream  from  which  the  water  is  to  be  diverted,  the  point  of 
the  proposed  diversion,  the  date  of  the  notice,  and  the  name 
of  the  locator,  shall  be  sent  to  the  State  Water  Commis- 
sion. 

2.  Whenever  an  application  for  a  preliminary  or  a  final 
permit  is  filed  with  the  district  forester,  and  the  evidence  of 
tlie  appropriation  of  water  consists  of  a  copy  of  an  applica- 
tion made  to  the  state  water  commission,  or  a  permit  from 
.•said  commission  under  the  existing  Water  Power  act,  it  will 
be  sufficient  to  inform  the  commission  that  such  application 
for    permit    has    been    filed    with    the   district    forester. 

3.  Whenever  an  application  is  made  to  the  state  water 
commission  for  a  permit  to  appropriate  water,  and  the  use 
of  such  water  will  in  any  manner  necessitate  the  occupancy 
and  use  of  any  national  forest  land,  immediate  notice  of  the 
filing  of  such  application  shall  be  given  to  the  district  forester 
at  San  Francisco.  Such  notice  shall  give  the  name  of  the  ap- 
plicant, the  stream  from  which  the  diversion  is  to  be  made, 
the  point  of  the  proposed  diversion,  the  date  of  the  notice, 
the  name  of  the  locator,  and  a  description  of  the  lands  that 
ma.v  be  within  such  national  forest. 

4.  No  application  for  a  water  right  Involving  the  use  of 
national  forest  lands  will  be  approved  by  the  state  water 
commis.sion  prior  to  notification  b.v  the  district  forester  that 
a  complete  application  (with  the  exception  of  eviilonce  of 
water  approjiriation)  for  the  use  of  the  national  forest  lands 
has  been  filed  in  conformity  with  the  regulations  of  the 
Secretary  of  Agriculture. 

5.  If  the  apiilication  filed  with  the  district  forester,  as 
provfdcd  in  paragraph  4  hereof.  Is  for  a  preliminary  permit, 
the  state  water  commission  will  defer  final  approval  of  any 
application  for  water  right  until  notified  by  the  district 
forester  that  a  complete  final  application  (with  the  excep- 
tion of  evidence  of  water  appropriation)  has  been  filed  in 
accordance  with  the  regulations  of  the  Secretary  of  Agricul- 
ture, or  that  a  preliminary  permit  containing  permission  to 
do  construction  work  has  been  Issued.  The  district  forester 
will  confer  with  the  state  water  commission  before  arranging 
the  terms  of  any  preliminary  permit  and  will  furnish  the  com- 
mission with  copies  ot  such  permits  Immedlatelv  upon  their 
Issuance. 

«i.  If  the  evidence  of  the  appropriation  of  water  filed  with 
an  application  for  a  final  permit  for  a  water  power  site  con- 
hIsI.s  of  a  notice  posted  In  conformity  with  the  provisions  of 
Section  1415  of  the  Civil  Code  of  Cnlifornia,  such  permit  will 
not    be    Issued    until    the    state    water    commission    either    ap- 
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proves  such  appropriation  or  disclaims  jurisdiction.  If  the 
applicant  relies  upon  an  appropriation  under  existing  law,  no 
final  permit  will  be  issued  until  notice  of  the  approval  of  the 
commission  has  been  filed  with  the  district  forester. 

7  No  preliminary  permit  will  allow  construction  upon 
national  forest  land  except  in  an  emergency  or  to  comply 
with  the  state  law,  and  then  only  upon  approval  of  the  state 
water    commission. 

S.  If  the  time  for  beginning  and  completing  construction 
under  anv  final  permit  issued  by  the  Secretary  of  Agriculture 
is  different  from  that  granted  by  the  state  water  commission 
such  difference  shall  not  be  deemed  to  affect  in  any  way  the 
permittee's  liability  under  the  state  law  or  the  approval  of 
the  commission,  or  to  free  him  from  the  cancellation  of  his  per- 
mit if  he  loses  his  water  right  under  the  state  law. 

9.  If  anv  permittee  shall  lose  his  water  right  because  of 
failure  to  begin  construction  in  accordance  with  the  require- 
ments of  the  state  law  and  of  the  approval  of  the  state  water 
commission,  sucli  loss  of  right  when  certified  to  by  the  said 
commission  shall  be  deemed  sufficient  cause  for  revocation  of 
the  permit. 

10.  If  either  the  district  forester  or  the  state  water  com- 
mission shall  fail  to  give  notification  of  any  action  as  con- 
templated herein,  within  sixty  (60)  days  of  the  receipt  of 
written  report  of  applications  pending,  the  officer  or  office  so 
reporting  may  take  action  without  waiting  further  for  such 
notification. 

In  witness  whereof,  this  cooperative  agreement  has  been 
executed  at  San  Francisco,  Calif.,  by  the  state  water  commis- 
sion of  California,  on  the  twenty-seventh  day  of  August,  1914, 
and  at  Washington,  D.  C,  by  the  Secretary  of  the  United 
States  Department  of  Agriculture,  on  the  fourteentli  day  of 
November,  1914.  (Signed)  Charles  D.  Marx.  Harold  S.  Power, 
S.   C.   Graliam.    D.    F.   Houston,    Secretary   of  Agriculture. 

BiM  ^(n>  Ciregi^®  FedleiPSifl  Ss^feSy 

The  proposed  legislation  to  create  a  Bureau  of  Labor 
Safety  in  the  Department  of  Labor  was  held  up  at  the  last 
session  of  Congress  by  objection,  by  Senator  Smoot  of  Utah, 
to  unanimous  consent  to  consider  the  l^ill.  The  bill  is  still  on 
the  calendar  and  will  likely  come  up  for  final  action  early  in 
Januarj',  but  if  not  acted  upon  before  March  4,  it  will  expire 
by  limitation.. 

The  act  would  provide  authority  and  means,  under  tlie 
jurisdiction  of  the  Secretary  of  Labor,  to  make  general  and 
special  investigations  of  safety  plans  and  devices  of  all  kinds 
and  the  need  therefor,  and  to  gather,  publish  and  supply 
useful  information  concerning  the  use  of  labor  safety  devices, 
etc.,   in  the  industries  of  the  United  States  and  elsewhere. 

A  museum  and  laboratory  are  provided  for  wherein  shall  be 
exhibited  and  tested  -ypes  of  guards,  etc,  for  machinery  cal- 
culated to  safeguard  employees  and  the  public  from  injury. 
It  is  so  drawn  and  amended  as  not  to  conflict  with  the  work 
of  the  Bureau  of  Mines  in  the  matter  of  mine  safety. 
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governed  l>y  the  Worlimen's  Compensation  Act,  and  negli- 
gently failed  to  take  steps  to  reasonably  guard  the  belt. 
(Wisconsin  Supreme  Court,  Mayhew  vs.  Wisconsin  Zinc  Co., 
147    "Northwestern    Reporter,"    1035.) 

Breach  of  Contract  to  Supply  Water — Where  a  seller  of 
land  agreed  to  furnish  from  a  water-power  plant  owned  by 
him  a  supply  of  water  for  use  by  the  purchaser  of  the  land, 
so  long  as  the  purchaser  should  require,  it,  and  the  latter 
made  extensive  improvements  on  the  faith  of  the  contract,  he 
was  entitled,  on,  the  seller's  breach  of  the  agreement,  to  re- 
cover the  amount  of  the  depreciation  in  the  value  of  the 
land  resulting  from  such  breach.  But  the  purchaser  has  no 
lien  against  the  dam  property  to  secure  performance  of  the 
contract.  (Texas  Court  of  Civil  Appeals,  Abney  vs.  Roberts, 
166  "Southwestern  Reporter,"  40S.) 


DUNCAN  D.  RUSSELL 
His  many  friends  will  be  sorry  to  learn  of  the  death  of 
Duncan  D.  Russell,  treasurer  of  the  James  Russell  Boiler 
Works,  Soutli  Boston,  Mass.  Mr.  Duncan  succeeded  his 
father,  who  established  the  business,  and  carried  it  on  suc- 
cessfully for  many  years,  and  will  himself  be  succeeded  by 
his  son.  He  was  ex-president  of  the  Scots'  Charitable  So- 
ciety of  Boston,  treasurer  of  the  New  England  Association 
of  Boiler  Manufacturers,  and  .stood  higli  in  tlie  confidence 
of   his   business   associates. 

MORRIS  G.    CONDON 

Morris  G.  Condon,  president  of  the  firm  of  H.  B.  Underwood 
&  Co.,  who  was  robbed  and  then  sliot  in  his  apartment  at  the 
Hotel  Adelpliia,  Philadelphia,  Penn.,  on  Nov.  25,  died  at  the 
Jefferson  Hospital  on  Dec.  3.  His  death  was  due  to  the  ab- 
dominal wound  inflicted  by  the  bandit,  who  ended  his  own 
life  when  he  believed  he  had  been  cornered. 

With  Mr.  Condon  at  the  end  was  his  wife,  who  had  been 
at  his  bedside  in  the  hospital  almost  constantly.  Two  brothers 
of  the  murdered  man  and  an  associate  in  business  were 
present. 

Mr.  Condon  was  51  years  old  and  had  a  residence  at  North 
Wales,  Penn.  He  went  to  the  Adelphia  to  spend  the  winter 
with   his  wife. 


KMGIMKIERIHG  AFFAIRI 


Power  Plant  Employees  as  "Fellow  Servants" — An  em- 
ployer of  a  fireman  and  a  coal  passer  is  not  liable  for  dam- 
ages in  a  suit  for  injury  to  tlie  latter  caused  by  negligence  of 
the  former,  if  the  fireman  bore  a  relationship  of  co-employee 
to  the  coal  passer,  and  was  not  in  a  position  of  superintend- 
ence over  him.  (New  York  .Supreme  Court,  First  Appellate 
Division;  Fearon  vs.  New  York  Life  Ins.  Co.;  147  "New  York 
Supplement,"  644.) 

Extent  of  Water  Power  Rights — A  conveyance  of  one  tract 
of  land  together  with  water  rights  and  water  power  privileges 
in  an  adjoining  tract,  as  appurtenant  to  the  land  conveyed, 
does  not  entitle  the  grantee  to  use  such  rights  and  privileges 
for  the  benefit  of  other  land  owned  by  him.  This  is  the  gist  of 
the  Georgia  Supreme  Court's  decision  in  tlie  recent  case  of 
Central  Georgia  Power  Co.  vs.  Cornell,  S2  "Southeastern  Re- 
porter,"   243. 

Kenioval  of  Boiler  Inspectors — In  an  opinion  recently  given 
by  the  attorney  general  of  Minnesota  he  holds  that  the  gov- 
ernor may  remove  a  boiler  inspector  at  pleasure.  Under  a 
recent  re-apportionment  of  the  state  an  inspector  was  elim- 
inated, and  in  making  a  new  appointment  commission  was 
issued  by  mistake  to  William  Mitroth,  instead  of  H.  E.  Olson, 
the  governor's  choice.  Mitroth  refused  to  resign  when  the 
mistake  was  discovered  and  the  Governor's  office  called  upon 
the  attorney  general  for  an  opinion,  with  the  result  above 
mentioned. 

Damaijes  Recoverable  for  Personal  Injury — Twelve  thous- 
and five  hundred  dollars  is  not  excessive  recovery  for  injui-y 
to  a  stationary  engineer,  whose  arm  and  muscles  and  fiesh 
over  his  ribs  were  torn  off  by  being  caught  in  a  rapidly  re- 
volving pulley  while  he  was  applying  treatment  to  the  pulley 
to  make  the  belt  cling,  if  the  employer  had  elected  not  to  be 


Tlie  annual  entertainment  and  reception  of  the  Marine  En- 
gineers' Beneficial  Association  No.  33,  of  New  York  City,  took 
place  on  tlie  evening  of  Dec.  2,  at  the  Lexington  Opera  House. 
The  hall  was  tastefully  decorated,  and  the  attendance,  as 
usual,  was  large.  Many  prominent  engineers  and  supplymen 
were  present.  An  interesting  entertainment  preceded  the 
dance. 

Tile  Stationary  Engineers'  Association  of  Greater  New  York 
held  its  annual  entertainment  and  ball  on  Saturday  evening, 
Dec.  5,  at  the  Amsterdam  Opera  House.  Although  the 
weather  was  unpleasant,  the  attendance  was  good.  There  was 
a  vaudeville  entertainment,  and  dancing  concluded  the  night's 
enjoyment.  The  officers  of  the  organization  are:  John  J.  Burns, 
president;  Patrick  Cody,  vice-president;  Joseph  Cassidy,  re- 
cording secretary;  W.  H.  Fletcher,  financial  secretary;  Tim- 
othy McGarry,   treasurer. 

The  annual  mask  and  civic  ball  of  the  Brooklyn  Association 
No.  56,  International  Union  of  Steam  and  Operating  Engineers, 
was  held  at  the  Brooklyn  Labor  Lyceum,  Saturday  evening, 
Dec.  5.  There  was  a  long  program  of  dances,  and  many  pretty 
and  unique  costumes  were  shown  by  the  participants.  The 
officers  are:  Frank  Schmitz,  president;  Charles  Schneider,  vice- 
president;  Norman  C.  Ames,  recording  secretary;  Ellsworth 
Stout,  corresponding  secretary;  George  Kurz,  conductor; 
Thomas  Sugden,  guard;  H.  Greve,  treasurer;  C.  F.  Liebman, 
organizer;  Joseph  Muntefering,  business  agent. 

Kneiser  Association  No.  3,  N.  A.  S.  E.,  has  unanimously 
endorsed  Oscar  F.  Rabbe  for  the  position  of  chief  examiner 
of  steam  engineers  of  Ohio.  The  association  states  that  "We 
feel  that  Brother  Rabbe  is  well  qualified  for  the  position. 
He  has  for  many  years  been  a  hard  worker  and  a  good 
booster  for  the  N.  A.  S.  E.  as  well  as  for  the  engineers' 
examination  and  boiler  inspection  legislation,  and  we  hope 
that  other  local  associations  will  give  him  their  support  also."  " 
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HAVE  YOU  a  vinegar  aspect?  Do  you 
carry  an  ingrown  GROUCH  to  work? 
I'^orget  it.  The  world  hates  a  "gloom" — a 
"gloom"  hates  himself.  A  smile's  worth  while. 
Everyone  loves  a  LAUGHER.  Switch  sixty- 
four  candle  power  into  your  face.  Light  up 
with  peeping  eyes  and  a  good,  big,  broad  grin. 


I'ul  more  of  comradeship,  of  CHEER  into 
that  "Good  morning,  Bill,"  "Howdy,  Jack." 
"Top  o'  th'  mom,  Steve,"  at  the  plant  tomor- 
row. A  cracker-jack  little  EFEICIENCY 
ENGINEER,  that  old  SMILE  of  yours. 
Give  "him"  a  tryout  ami  lu'll  make  GOOD. 
Ivver  think  about  it  that  way? 

[Conlrtbukd  by  John  T.  Swift,  Denver,  Colo.\ 


870 


P  0  W  E  I? 


Vol.  40,  Xu.  25 


;f©iii 


ill  FlaM 


By  Thomas  Wilson 


.SYNOPSIS — This  is  a  GOO-kir..  single-unil  lurbine  plant 
carrying  a  connected  motor  load  of  lOSO  hp.  and  25  kiv. 
in  lamps  twenty-four  lionr.'<  a  day  and  six  days  a  week. 
The  operating  cost  per  kilotralt-hour  is  045c. 

The  Commercial  Milling  Co.,  Detroit,  Mich.,  has  one  of 
the  best  equipped  flour  mills  in  the  country,  its  capac- 
ity enabling  it  to  produce  1200  blil.  per  day  of  the  Ilenkol 
products.  lu  the  near  future  the  capacity  will  be 
doubled. 

The  machinery  in  all  depart nicnts  is  of  the  latest  de- 
sign and  for  the  most  part  is  lielt  driven  from  line  shafts 
turned  by  motors.     To  the  shaft  driving  the  complete 


I)  consisting  of  a  four-stage,  impulse,  lionzonlal  turbine 
coupled  to  a  three-phase  generator  revolving  at  3600 
r.p.m.  There  has  been  no  occasion  to  shut  down  for  re- 
pairs. In  case  of  such  a  necessity,  the  mill  would  come  to 
a  standstill  as  there  is  no  reserve  unit  of  sufficient  capac- 
ity iiiir  a  breakdown  connection  to  keep  it  running.  Sun- 
days aiul  a  surplus  stock  in  the  mill  are  relied  on  to  tide 
over  a  l)reakdown.  Eventually,  a  new  mill  of  the  same 
size  and  another  turbine  unit  will  be  erected. 

A  surface  condenser  containing  1"400  sq.ft.  of  cooling 
surface  maintains  a  vacuum  of  from  28  to  28. .5  in;  on  the 
main  unit.  Circulating  water  is  drawn  from  a  cold  well 
oj^en  to  the  river  by  a  turbine-driven  centrifugal  pump. 


Fig.  1.     Main  600-Kw.  (;exei!Ating  Unit 


.series  of  rolls  a  300-hp.  motor  is  connected  by  a  rope 
drive ;  a  200-hp.  motor  drives  all  of  the  bolters  and  puri- 
fiers:  a  125-hp.  motor  elevates  10,000  bu.  of  grain  per 
hour  from  the  basement  to  the,  top  of  the  building  where 
it  flows  to  the  bins  by  gravity:  a  .30-hp.  motor  operates 
the  marine  leg  for  unloading  wheat  from  the  boats;  a  3.5- 
hp.  motor  operates  an  Otis  freight  elevator,  and  other 
motors'of  1.5  ,hf).  and  less  drive  other  machinery  and  ele- 
vators in  the  new  mill.  In  the  older  mill  there  are  four 
motors  rated  at  125,'  100;  50  and  10  hp.  Fig.  3  shows  one 
of  the  large  motor- drives.  . 

All  of  these  motors,  totaling  1080  hp.,  are  of  tlie  three- 
phase  induction  type.  For  the  lighting  th^re  are  a  thous- 
and 25-watt  Mazda  lamps.  The  total  load  runs  from  800 
to,  1050  amp.,  the  current  being  903  amp.  at  normal  rating 
and  the  voltage  480,  for  which  all  of  the  motors  are 
wound.  'For  twelve  months  this  load  has  been  carried 
night  and  day,  with  the  exception  of  Sundays,  by  one  600- 
kw.  (at  80  per  cent,  power  factor)  generating  unit  (Fig. 


The  condenser  is  protected  by  a  three-unit  strainer.  Fig. 
2,  placed  on  the  discharge  side  of  the  pump  because  of 
lack  of  room  on  the  suction  side.  The  water  is  discharged 
to  a  hotwell  and  flows  back  to  the  river  by  gravity.  Ou 
the  same  shaft  and  driven  by  the  same  turbine,  another 
small  centrifugal  pump  delivers  the  coiulensate  to 
a  1250-hp.  open  heater  in  the  boiler  room.  wh;'re  its  tem- 
perature is  raised  to  212  deg.  The  condenser  and  the  two 
pumps  just  mentioned  are  in  the  basement,  luit  the  6 
and  14  by  10-in.  dry-vacuum  pump  lias  been  placed  ou 
the  engine-room  floor. 

To  light  a  large  sign  on  top  of  the  building  on  Sunday 
night  or  at  other  times  when  the  main  unit  might  be  shut 
down,  there  is  a  two-cylinder,  9xll-in.  gas  engine  (Fig. 
4)  usin<r  city  gas.  This  engine  is  belt  connected  to  a  60- 
kv.-a.,  480-volt,  three-phase  generator.  Of  course,  this 
unit  may  be  used  to  carry  a  small  part  of  the  mill  load. 
Eecently  it  has  been  planned  to  throw  the  generator  on 
the  line  and  run  it  unloaded  as  a  synchronous  motor,  the 
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Fig.  2. 


Connection  or  the  Thkee-Bahket,  12-In. 

Stkainek 


iinderneatii  it  is  an  auxiliary  header  forjhe  i^umps.  The 
layout  is  sliowu  in  Fig.  7. 

There  are  two  feed  pumps  of  the  duplex  center-packed 
type  and  two  single-cylinder  pumps  which  draw  water 
from  the  hotwell  and  delixer  it  to  the  heater  in  case  of 
failure  of  the  city  supply,  which  is  the  usual  source  of 
makeup  water.  These  pumps,  the  condenser  auxiliaries 
and  the  stoker  and. fan  engines  give  enough  exhaust  steam 
to  heat  the  feed  water  and  supply  the  heating  sj'stem  in 
moderate  weather.  The  heating  system  is  of  the  two-pipe 
gravity  type,  from  which  the  condensation  is  drained  to  a 
receiving  tank  and  returned  to  the  heater.  In  the  colder 
months  sonic  li\e  steam  reduced  to  ]  11).  j)ressure  is  re- 
quired fur  heating,  and  also  a  small  amount  for  the  wheat 
healer. 

]\Irail(i\\  i'l-iM.k  Mluininiius  coal  is  delivered  on  a  rail- 
way ,-idinL;  near  the  Ijoiler  room  and  motor-operated  cap- 
stans ,-\vitc  h  the  cars  to  the  location  for  unloading.  The 
coal  is  iluiii|icd  into  a  hojiper  and  carried  hy  a  helt  to  a 
huckct  ((iii\c\cir  Mliich  raises  it  to  .the- top  of  the  holier 
room  anil  (Imps  it  nito  a  screw  conveyor  provided  with 
sliding  doors  in  front  of  each  bunker;  there  are  four  in 
all,  with  a  total  capacity  of  300  tons.  From  the  hunkers 
the  coal  is  temjiorarily  sho\'eled  into  the  stoker  hoppers, 
hut  this  arrangement  is  to  be  superseded  hy  coniTete  bins 


One  1)1  THE  L.\i!OE  i^Iotok  Dkives 


t'li;.    1,     i;  \^-1'm.im;  Tmi- 


object  being  lo  coniilci-acl  the  lagging  current  caused  by 
the  induct  lun  innturs  and  thereby  improve  llie  power 
factor. 

A  standard  swilchboard  (Fig.  o)  equipjK'd  with  the 
Usual  instruments  serves  the  generator  and  feeder  cir- 
cuits, and  there  is  an  inikqiendent  i)anel  for  the  gas-en- 
gine unil.  There  are  the  usual  ammeters  and  voltmeters, 
a  Tirrell  '.oltage  regidalor  and  four  recording  meters,  for 
llie  generator,  the  motors  iji  (be  old  mill,  the  "ioo-  and 
■'!on-bp.  iiKiidrs  in  the  new  mill  and  a  fourth  for  all  of  the 
oihi  rs.  r.csid(!s  there  are  gages  for  recording'  the  lioiler 
pic-surc  and  the  vacuum. 

.\l  jircscnt  the  boiler  room  (Fig.  6)  is  e()uii)|)ed  with 
two  ;i.-)(i-lip.  watcr-lidie  boilers,  and  a  third  will  be  in- 
stalh'd  when  additional  turbine  capacity  requires  it.  The 
working  ])ressure  is  1H.^  Ih.  and  .superheaters  raise  the 
steam  ten)]ieraturc  llo  deg.  above  that  corresponding  to 
the  pressure.  .\t  the  turbine  the  pressure  i.s  175  lb.  TIic 
lioilers  are  eqeljiped  with  underfeed  stokers  which  re- 
quire forced  draft,  a  breeching  with  one  right-angle  turn 
and  a  150-ft.  brick  stack  6  ft.  in  diameter  at  the  top.  The 
header  for  tiie  main  unit  is  back  of  the  breeching  and 
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Fig.  (i.     Two  Boileks,  with  Siuce  I'oi;  Axothei:  Unit 


Fio.  7.     Plan  View  or  the  Power  Plant 
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.^o  raised  tliat  the  chutes  will  feed  through  scales  into 
the  stoker  hoppers. 

Unit  Costs 

The  equivalent  of  a  three-story  building  houses  the 
power  plant  and  the  large  motor  drives.  Its  approximate 
cost  was  $10,000.  The  equipment  and  its  installation, 
exclusive  of  the  gas-engine  unit,  cost  close  to  $15,000, 
and  070  hp.  in  new  motors  and  control  equipment  cost 
$13,000.  Including  the  last  item,  which  really  does  not 
belong  to  the  power  plant  i)ruper,  the  cost  per  kilowatt  of 
rating  amounts  to 

$(iS,000  ~  (iOO  =  $113. 
Without  the  motors  the  unit  cost  is  reduced  to  approxi- 
mately $93  jjer  kilowatt,  and  for  the  power-plant  equip- 


and  the   supplies  to  $62.50.     The  total  operating  cost 
for  the  three  months  would  then  be 

$3080.98  +  $1193.50  -f  $63.50  =  .$3335.98. 
Dividing  by  the  total  output  gives  an  operating  charge  per 
kilowatt-hour  of  O.lSe.  To  this  a  fixed  charge  of  13  per 
cent,  on  the  investment — made  up  by  5  per  cent,  deprecia- 
tion, 5  per  cent,  interest  and  2  i:>er  cent,  insurance  and 
taxes — should  be  added.  For  the  quarter,  12  per  cent,  of 
$55,000  amounts  to  $1650  and  per  kilowatt-hour  of  out- 
])ut  to  approximately  0.31c.  Adding  the  operating  and 
fixed  charges  gives  a  total  of  $0.72c.  per  lvv\'.-lir. 

For  a  plant  of  60(i-kw.  capacity  the  cost  per  unit  output 
is  so  low  as  to  leave  room  for  reasonable  doubt  as  to  the 
accuracy  of  the  records.  It  must  lie  remembered,  how- 
ever. tii.it  one  turbine  is  running  dav  and  night  under  au 


PRINCIPAL  EQUIPMENT  OF  C().MMERC1AL  MILLING  CO.  PLANT 


No.  Equipment  Kind 

1   Turbine...  Horizontat  iiiipul; 


Size 
liOOlcw.. 


Maker 


1  generating  unit . 


Operating  Conditions 

U.'i  lb.  gage,  vacuum  28J  in..  :«10(l 

rpni General  Electric  Co. 

Main  unit Three-phase,  4S0  volts,  31500  r.p.ni. .  General  Electric  Co. 

Ser\-es  main  unit River  water,  vacuum  28-J  in Alberger  Pump  &  Condenser  Co. 

Condenser  circulatinc  water Driven  by  30-hp.  Alberger  turbine  .  .  .\iberger  Pump  &  Condenser  Co. 

Ccndensate  pump .  .    Driven    by    same    turbine    as    circ. 

pump .Uberger  Pump  &  Condenser  Co. 

Dry  vacuum  pump  .  .    17.5  lb.  steam,  exh.  to  heater Alberger  Pump  &  Condenser  Co 

Light  large  sign .  .    Belted  to  60-kw.  G.  E.  generator. , .  .  Westinghouse  Machine  Co. 

Located    between    pump    and    con- 
Strain  condenser  cooling  water denser Lagonda  Mfg.  Co. 

Water  tube 350  hp Generate  steam 1S5  lb.  steam,  stokers,  forced  draft.  .  Edge  Moore  Iron  Co. 

Jones  under  feed Serve  boilers The  Under  Feed  Stoker  Co.  of  America 


1   Generator.    Alternating  current  600  kw... 
1   Condenser.   Surface  "Speroflow"  MOO  scj. ft 

1   Pump Centrifugal S-in 

1   Pump Standard  volute ..  .   2-in 

I  Pump Reciprocating (5xl4xl0-ii 

1  Gas  engine  Vertical,  2  cvcle...   9sll-in... 

1  Multiple 

strainer...  Three-basket 

2  Boilers. , 
2  Stokers. 
2  Super- 
heaters 

1  Heater. . 

2  Pumps. . 
2  Pumps. 


Foster 

Open 1200  hp. 

Duplex 10x6x12-1 

Simplex 8x7xl2-ir 


On  350-hp.  boilers  .  .    1 10  deg.  superheat Power  Specialty  Co. 

Heat  feed  water.  .  .    Exhaust  from  pump  and  aux Perfection  Heater  &  Purifier  Co 

Boiler  feed  water 1S5  lb.  steam Dean  Bros.  Steam  Pump  Works 

Pump  from  hotwell  to  heater 1S5  lb.  steam ,    Dean  Bros.  Steam  Pump  Works 


Switchboard  and  all  motors  furnished  by  the  General  Electric  Co.    Rope  drivens  by  Hill  Clutch  Co. 

ment  and  its  installation  only,  the  cost  per  kilowatt  is  $75.  economical  load  and  liigli  vacuum,  that  there  is  no  re- 
Including  the  permanent  coal  bunkers  will  increase  this  serve  unit  to  increase  tlie  overhead  expense;  that  few 
figure    slightly,    but    by    the    time    another    boiler    and     supplies  were  purchased,  and  the  repairs  ou  a  new  plant 


a  second  turbine  of  the  same  capacity  have  been  installed 
in  the  spaces  reserved  for  them,  the  cost  per  unit  will  be 
lower.  At  present  the  turbine  capacity  is  600  kw.  and 
that  of  tlie  two  boilers  is  700  hp.,  a  ratio  of  6  to  7,  or  1% 
boiler-hp.  per  kilowatt  of  rating.  With  the  plant  in- 
creased to  three  boilers  and  two  turbines,  the  ratio  will  be 
12  to  10.5,  or  0.875  boiler-hp.  per  kilowatt  of  generat- 
ing capacity.    At  present,  one  boiler  carries  the  load. 

River  water  is  available  for  the  surface  condenser.  I'b" 
1400  sq.ft.  of  cooling  surface  means  S^  sq.ft.  per  kilowail 
of  rating  and  that  at  normal  load  each  square  foot  must 
condense  about  6  lb.  df  steam  jier  hour. 

Five  men  operate  tiie  plant  and  take  care  of  all  tiie 
motors  in  tlie  mill.  'I'be  annual  labor  Ijill  is  $17  "I'l,  made 
np  as  given  in  Talile  1 . 

TABLE  1.     ANNUAL  WAGE  OF  E.MPLOYEES 


are  naturally  a  minimum.  For  the  service  rendered  the 
labor  item  is  also  low.  It  will  be  of  interest  to  check 
these  figures  when  operating  data  over  a  longer  period 
are  available. 


f>np  chief  engineer. . 
One  night  engineer. 
Two  firemen  .-•... 
One  electrician 


.$12110 
.  lOU 
.  162(1 
.     036 


For  oil  and  su]i|ilies.  iiicluiling  simie  minor  repairs, 
$250  was  e.xpended  during  the  year.  This  item  will.  ■>( 
I'ourse,  be  larger  as  the  ]ilanl  ages.  Records  of  coal  edii- 
~iimption  and  electrical  out]iiit  arc  available  only  fur  .Inly, 
.\ilgust  and  September.  Table  2  gives  the  totals  Inr  each 
nioiilh  and  the  weight  of  coal  per  kilowatt  hour. 

TABLE  2.     COAL  CONSUMPTION   AND  ELECTRICAL  OUTPIT 

Jul.v  August       September 

Coal,  pounds 486,000        620,680        779,120 

Kilowatt-hours I82,.560        2.53,620        2.53,2.50 

Coal,  pound  per  kilowall-houn! 2.66  2,47  3.08 

For  the  tiiree  montlis  tlie  coal,  per  kilowatt-hour  aver- 
aged 2.74  11).,  costing  $2.20  per  short  ton.  During  the 
quarter  the  945.9  tons  consumed  cost  $2080.98.  In  the 
same  period  the  labor  item  would  amfnint  to  $1192.50 


The  small  pocket  calculator  siiown  is  an  ordinarv 
0-in.  logarithmic  slide-rule,  put  into  circular  form  for 
compactness.    It  consists  of  a  circular  base  plate  carrying 

continuous      scales     on      its 

peri|iliery  and  lower  face;  a 
movable  top  plate,  or  rotor, 
arranged  to  turn  on  the  hull 
of  the  first  member  and  car- 
rying similar  scales  on  its 
periphery  and  upper  face;  a 
slotted  hub  nut  to  keeji  the 
rotor  in  ))lace  and  adjust  the 
friction  thereof  and  a  slider, 
or  ruiHier,  with  cross-hair  ami 
]iointers.  to  be  u.<ed  in  coii- 
jiiiictiiin  with  the  first  two 
members. 

Shrunk  u]ion  the  outer  cir- 
cumferential rims  of  the  base 
jilatc  and  movable  top  plate, 
and  protected  by  their  flanges, 
arc  two  mechanically  divideil 
scales  of  white,  seamless  celluloiil.  Set  into  sunken  ]wnel- 
iii  the  bottom  of  the  liasc  plate  and  (up  of  the  lop  plate. 
are  Hat.  hard,  white-enamel  annular  di.-ds.  upon  a  copper 
diajihragni. 


CinfULAR  Pocket 
Calculator 
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The  runner  is  a  bent  metal  frame  carryiiij;  a  trans- 
parent celluloid  window.  This  frame  embraces  tlie  edges 
and  outer  portions  of  the  calculator,  aud  bv  two  pairs  of 
feet,  each  pair  running  in  a  groove,  in  the  top  and  bot- 
tom of  the  main  instrument,  is  constrained  to  travel  in 
a  circular  path;  or  if  the  runner  be  held  in  a  fixed  po- 


sition, the  instrument,  with  all  its  scales,  may  be  rotated 
beneath  it. 

A  variety  of  calculalioiis  can  lie  aicoiii|iiished  with  tiiis 
instrument.  It  is  nuide  in  several  models  for  dif- 
ferent classes  of  work  bv  Small.  Small  &  Co..  Waltham. 
Mass. 


^rmi 
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SYXOPSIS — The  fundions:  of  a  liyli liiiii;/  (irre.sh'i;  tliv 
principal  iijpcs  and  their  methods  of  oneralion. 

The  succe.ssful  lightning  arrester  must  .serve  the  line 
which  it  is  intended  to  protect  in  the  following  manner: 

First,  it  must  immediately  relieve  tlie  line  ol'  any  ex- 
cessive strain  whenever  called  upon  to  do  mi. 

Second,  it  must  not  allow  the  normal  line  cnrrcni  to 
leak  to  ground,  either  l)efore  discharging  or  lor  any  aji- 
jireciable  length  of  time  after  discharging. 

Third,  it  must  recover  quickly  after  discharging  and 
be  ready  to  operate  re]ieatedly. 

Fourth,  it  must  be  capalili'  of  jicrrornnng  these  dnties 
without  injurv'  to  itself. 

Mll.TI-tiAl' 

The  multi-gap  ty[)e  of  arrester  repre.sents  probaljly  the 
largest  group  and  is  used  for  the  greatest  variety  of  volt- 
ages. The  telephone  arrester  shown  in  Fig.  1  may  he 
considered   as   the   ele-  ^    ,., 

mentary  form  of  this 
type.  The  normal  tele- 
phone current  passes 
into  the  line  binding 
post  L,  through  the 
fuse  F,  and  out  the 
binding  post  F,  which  pj,;    | 

is      separated      from 
ground    by    a    perfor- 
ated strip  of  mica  M,  held  liclweeii  twi 
and    C\.     Lightning    discharges    break 
gaps    between    the   carbon    i:)locks    and 
rather  than  take  the   inductive   path 
phone. 

This  arrangement  has  been  improved  upon  by  using  a 
gap  inclosed  in  a  metal  tube  and  surrounded  i\v  special 
gases  which  will  give  the  desired  potential  to  the  gap.  It 
is  claimed  that  this  type  is  particularly  .strong  and  reliable 
and  gives  good  cooling  surfaces. 

Arresters  for  voltages  up  to  aj)proximately  1000  have 
several  .short  gaps  in  series  between  the  line  and  ground, 
q  common  form  using  a  number  of  knurled  cylinders 
placed  on  end  and  so  spaced  that,  when  discharging,  the 
Mrcs  form  between  the  knurled  surfaces.  An  arrester  of 
this  tv'pe  is  shown  in  Fig.  2,  arranged  for  300-volt  ser- 
vice. The  cylinders  are  usually  made  of  ni)narcing  metal, 
the  vapor  tending  to  kill  the  arc.  It  is  essential  that  the 
arc  shall  be  l>roken  as  soon  as  the  strain  on  the  line  is 
relieved,  otherwise  the  line  current  would  follow  the  dis- 
charge to  groimd.  The  action  of  the  nonarcing  metal  is- 
in  the  nature  of  a  rectifying  effect,  as  the  vapor  from  the 
arc  will  conduct  the  current  in  onlv  one  direction.    Hence 


Telephone  Type 
|-  .\rkkstei: 

)  carbon  bi.icks  C 
down  the  .short 
flow    to    ground 

tbroutrii    the   tele- 


when  liic  cnrrenl  reverses,  the  vapors  liave  a  chance  to 
cool  below  tiie  arcing  temperature  before  the  current 
again  attempts  to  pass.  For  this  reason  arcs  caused  by 
a  high-voltage  discharge  tend  to  die  out  at  the  first  re- 
versal of  current  after  the  discharge  has  ceased. 

Some  manufacturers  u.se  a  resistance  in  series  \\'\\\i 
the  gaps  to  reduce  the  dynamic  current  which  flows  In 
ground  after  the  gaps  have  been  bridged  by  a  discharge. 

The  General  Klectrii'  Co.  reconmiends  a  multi-gap  ar- 
rester with  graded-shunt  resistances  placed  as  shown  dia- 
granimatically  in  Fig.  ."S.  For  line  voltages  of  -uQQ  to 
.w.OOO  and  with  slight  modilications  for  lower  \oltages, 
the  action  of  this  arrester  is  as  follows  : 

(IliADED-SlI  UX'I'     IvKSlS'rAM   l: 

When  a  high-potential  disturbance  occurs  it  lakes  the 
])atli  through  the  high  resistance  and  breaks  down  the 
gaps  at  the  lower  cjkI  of  the  row,  thus  passing  to  ground. 
If  the  current  thus  discharged  is  heavy,  the  dro])  in  poten- 
tial across  the  resistance  nuiy  be  sufficient  to  break  down 
the  gaps  Ijetween  the  high  aud  the  medium  resistance.  In 
this  case,  the  discharge  will  take  the  medium-resistance 
path.  A  still  heavier  current  may  cause  it  to  jumj)  the  next 
group  of  gaps  and  take  the  low-resistance  ])ath.  A  very 
extreme  case  might  cause  the  discharge  to  desert  the  re- 
sistances entirely  and  ,jnm]i  tlu^  whole  line  of  gaps.  As 
the  disturbance  subsided  and  the  current  died  down,  the 
discharge  would  reverse  its  program,  preferring  the  shunt 
resistance  to  the  group  of  gaj)s  in  each  stejj  until  it  was 
again  flowing  through  the  high  resistance.  Xormal  line 
voltage  would  not  be  able  to  maintain  an  appreciable  cur- 
rent through  this  high  resistance  and  therefore  the  arc 
would  die  out.  'i'his  ])rincljile  is  superior  to  that  of  a 
resistance  in  series  with  the  gaps,  because  in  this  ca.se  the 
re.sistances  are  out  of  the  circnit  while  a  heavy  discharg(! 
is  i)a.ssing  the  arrester.  Fig.  I  shows  a  "i^^iOO-xolt  arrester 
of  this  type  discharging  and  shunting  the  current. 

A  dilfcrent  form  of  nudti-gaj)  arrester  is  shown  iu  Fig. 
."i,  which  is  a  \\'estinghou.se  type,  designed  for  (JGOO-volt 
circuits.  The  gajis  occur  between  the  metal  pans  or  caps, 
mounted  on  an  insulating  rod.  Below  the  gajjs  is  a  re- 
sistance rod,  which  is  iu  series  with  the  gajis  and  the 
ground.  The  outdoor  type  has  a  hood  to  ]>rotect  the  gaps 
rroni  rain  and  snow,  when  on  poles  without  being  boxed. 

ClI.TUIT-Br.EAKEJ!  TyI'E 

The  circnit-lireaker  arrester  is  jirimarily  a  nmlti-gap 
type,  provided  with  an  arrangement  for  mechanically 
breaking  the  path  to  ground  whenever  the  line  current  be- 
gins to  follow  the  discharge.  Fig.  6  shows  a  2500-volt 
Garton-Daniels  arrester  of  this  type.  The  discharge  takes 
the  straight-line  path,  on  the  right-hand  side  of  the  illus- 
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tration,  ciitcvino-  tlio  line  liindins'  post  nt  tlic  top,  juiii]!-  is  pi'ovided  l)y  connecting  cue  end  of  the  plunger-magnet 

ing  the  two  upper  ga])s,  passing  tlirough  the  resistance  coil  on  the  left  to  the  lower  end  of  the  resistance  rod,  the 

I'od  in  the  center  and  tlien  jumping  the  two  lower  gaiis  to  otlier  end  of  the  coil  is  connected  to  the  upper  end  of  the 

the  ground   liindiiig   post.     An    iii(liuti\('    slmiit    circuit  plunger,  and  the  lower  end  of  tlie  ))liinger  rests  on  a  bras< 


Vu'..  2.     Mri.Tr-d'M'  Ani.-kstki!  koi:  :!nn  ^'..|.Ts.     Fk; 
i\i;.     Fi<;.    .").     Indooi!    wr)    Oiriiooi;    T\  I'Ks. 
Ts  I'K.    MoiviKH    loi;    Skijii'.s    Ai.t    Ciiicirr. 
HiijKK   Ai;ifi:sri;i,'      [)()li!i,I':  T'l  i-i:. 


(!i;\i)i:i)-Siir\'i'  AiiKKSTnii  Kuif  'MOO  Voi/r.s,  Discharh- 

<;.       f!  \UI'IIN'-T).VNIKT,S   TyPK.       Fid.    7.       lf()|iN-(T.\I' 
;.    S.       r,l  l;KK    AllHRSTKI! — SlN(lI,K    (i  M'.       Vti:.    !•. 

10.     Ai.iMiNrM-CKi.i.     AiiiiKsri;!; 
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button  connected  to  grountl.  If  tlie  line  current  contin- 
ues to  flow  after  the  di.^turbance  has  subsided  it  will  take 
the  inductive  path  through  the  plunger  magnet  rather 
than  jump  the  two  lower  gaps,  because  of  its  low  fre- 
quency. Current  flowing  in  the  coil  will  actuate  the  mag- 
net and  the  plunger  will  open  the  path  to  ground.  As 
soon  as  the  arc  is  broken  the  current  ceases  to  flow  and 
tlie  plunger  falls  back  hy  gravity,  leaving  the  arrester 
ready  to  operate  again.  The  manufacturers  claim  for 
tliis  arrester  that  the  circuit-l)reaker  allows  the  use  of  a 
smaller  series  resistance  and  fewer  gaps  in  the  path  to 
ground,  and  also  that  it  provides  a  positive  mechanical 
lireak  to  prevent  the  line  current  from  following  the  dis- 
charge to  ground.  It  is  open,  however,  to  the  criticism  that 
any  devii'c  depending  on  moving  parts  for  its  operation  is 
more  easily  crippled  than  one  which  has  none. 

Hoi!N  Gap 

A  familiar  type  of  lightning  arrester  is  the  horn  gap,  a 
simple  installation,  intended  for  use  on  series  arc  circuits, 
being  shown  in  Fig.  7.  One  gap  and  a  series  resistance 
are  inserted  between  each  line  and  the  ground.  When  a 
discharge  has  passed  to  ground  the  arc  rises  on  the  horns 
due  to  the  rising  column  of  hot  gases  and  thus,  reaching 
a  length  of  gap  whu-h  cannot  be  maintained,  extinguishes 
itself.  Choke  coils  are  frequently  placed  in  series  with 
the  line  when  horn  gaps  are  used.  The  high-frequency 
lightning  discharge  avoids  the  choke  coil  and  is  more  cer- 
tain to  take  the  path  to  ground. 

Fig.  8  shows  the  Burke  arrester,  a  combination  of  horn 
gap  and  choke  coil  in  one  ]jiece.  The  horn  on  the  right 
is  one  side  of  a  triangular  coil  wound  from  strip  copper 
and  spaced  with  fiber  blocks.  The  coil  is  placed  at  right 
angles  to  the  line  and  in  series  with  it.    The  ground  horn 

i_^_^__^___^  is  shown  on  the  left,  mount- 
ed on  a  separate  holder.  A 
surge  or  discharge  entering 
from  the  rear  first  takes  a  grad- 
ual turn  toward  the  left  side 
and  then  a  sharp  turn  up.  Op- 
]Josite  this  sharp  turn,  where 
the  potential  strain  is  concen- 
trated, is  placed  the  ground 
burn.  Just  beyond  this  point  is 
the  choke  coil  which  also  pro- 
\ides  a  magnetic  blowout  effect 
which  hastens  the  e.xtinguishing 
I  ''^"^'^  of   the   arc   as    it   rises   on    the 

horns.  A  single  unit  of  this  type 

will  only  protect  the  line  in  one 
direction,  but  it  is  suitable  for 
use  where  a  line  enters  a  build- 
ing. A  double  arrester,  provid- 
ing protection   in  botb   diivctions,  is  .sho-mi  in   Fig.   9. 

Electrolytic  Type* 

The  electrolytic  lightning  arrester  is  now  being  used 
almost  exclusively  for  very  high  potential  circuits  and 
extensively  for  medium  voltages.  It  seems  to  be  the  ideal 
protection  for  station  equipment,  where  i{  can  be  properly 
cared  for  and  where  there  is  a  concentration  of  expensive 
equipment  to  be  protected.  This  arrester  consists  of  a 
stack  of  cone-shaped  aluminum  plates  spaced  about  0.3  in. 
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iipart.  the  spaces  between  the  plates  being  filled  with  an 
electrolyte;  the  whole  stack  is  immersed  in  a  tank  of  oil. 
The  oil  keeps  the  electrolyte  from  evaporating  and  pre- 
\cnts  a  too  rapid  rise  of  temperature  during  discharge. 
I'ig.  10  shows  a  section  of  an  aluminum  arrester  of  tliis 
tyiie.     The  principle  of  the  cell  is  briefly  as  follows : 

The  bottom  plate  is  connected  to  ground,  and  the  top 
plate  to  a  horn  gap,  which  may  be  closed  when  desired 
to  complete  the 'path  to  ground.  After  a  cell  has  been 
installed,  it  is  charged  by  closing  the  horn  gap  through 
a  resistance.     A  current  then  ijasses  to  ground  through 

the     electrolyte         . 

and  causes  a  film 
of  aluminum  hy- 
droxide to  form 
on  tile  aluminum 
l)latcs.  .\s  the 
lilin  grows  thick- 
er it  offers  mori" 
and  more  resist- 
ance to  the  cur- 
rent until  finally 
only  a  slight  cur- 
rent will  pass 
The  cell  is  then 
ii'ady  for  use 
The  film  which 
has  been  formed 
has  a  critical 
voltage  and  when 


^^ 


Fig.  11.  Magnetic  Blowout  Type 
FOR  Direct  Current 


that  voltage  is  exceeded  the  cell  will  discharge  large  cur- 
rents for  short  periods  without  harm  to  itself.  The  horn 
gap  is  .  ot  large  enough  to  prevent  a  leakage  current  from 
passing  constantly  through  the  cell,  but  not  large  enough 
to  interfere  with  the  operation  of  the  arrester.  This  type  of 
arrester  is  very  effective  in  relieving  the  line  of  surges  as 
well  as  from  lightning  discharges.  The  cell  must  be 
charged  about  once  a  day  becau.se  the  film  dissolves  grad- 
ually when  the  cell  is  idle. 

When  used  on  a  three-phase  circuit  with  grounded  neu- 
tral, three  cells  may  be  used  and  connected  to  a  connnon 
ground ;  an  arrangement  which  gives  two  cells  between 
each  two  phases.  In  case  of  a  fallen  line  there  will  be  a 
dead  short-circuit  on  one  phase,  the  circuit-breakers  will 
open  that  phase  and  there  will  be  no  danger  of  destroying 
the  cell.  When  used  with  a  three-phase  circuit  without 
the  grounded  neutral  it  i.s  necessary  to  provide  a  fourth 
cell  between  the  common  ground  wire  of  the  other  three 
cells  and  the  actual  ground.  When  this  system  is  used 
and  a  line  falls  there  will. still  be  two  cells  between  each 
two  ] (bases.  This  arrangement  is  also  u,sed  with  other 
single-pole  arresters  on  three-phase  lines. 

Arresters  for  DiRECT-CritREXT  Circuits 

An  arrester  which  is  commonly  used  in  railway  work 
and  is  well  adapted  to  low-voltage,  direct-current  appar- 
atus, is  shown  in  Fig.  11.  It  consists  of  a  spark  gap  B 
]5laced  between  the  two  poles  of  a  magnet  A-C.  A  dis- 
charge in  passing  to  ground  jumjis  the  gap,  passes  through 
the  coil  (S'  and  the  resistance  B  to  ground.  When  the  line 
current  attempts  to  follow  the  discharge  across  the  arc  it 
produces  a  magnetic  field  in  the  coil  .S',  which  flows  from 
A  to  C,  and  draws  the  arc  out  of  its  course,  causing  it  to 
become  so  long  as  to  cool  and  break.  This  is  familiarly 
known  as  the  magnetic-blowout  type  of  arrester. 
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A  type  of  hydraulic  jack  embodying  new  featiires  is  il- 
lutitrated  herewith.  The  claw  can  he  nio\ed  verticalh" 
and  adjusted  to  a  convenient  heiglit.  With  the  cylinder, 
tlic  claw  can  he  swung  in  a  circle  without  (;liangiug  the 
]H)sition  of  the  jack  hody  or  of  tiie  pump  lever.  The 
cylinder  is  the  moving  part  of  the  jack  instead  of  the 
ram,  which  allows  the  pump  mechanism  to  stay  in  a  fixed 
vertical  position. 

The  piston  is  packed  with  leather  rings;  hall  valves 
arc  used  and  there  are  am|)l('  oil  ])assages.  The  oil. 
besides  acting  as  a  lubricant.  |irc\i'iits  '.Misting  of  the  work- 
ing parts  and  the  ]iossiliility  of   freezing.  ;inil   it   has  iiu 


SkcTION     TriltOfOIl      111  IIIJMI.K      .1  \(K 

detrimentiil  clfect  on  the  |>acking.  'I'he  oil  jiressurc 
is  relea.xed  by  a  key  operating  a  small  needle  valve. 

The  18-in.  operating  lever  is  curved.  The  socket  has 
a  hole  in  each  of  its  Coiir  sides  to  allow  convenient  opera- 
tion from  various  positions. 

This  jack,  maniiract\ircd  by  the  \\  atson-Stillman  Co., 
Xew  York  City,  is  built  in  .">-  and  lO-lon  sizes,  with  a 
ram  stroke  of  10  in.,  ami  is  guaranteed  to  withstand  a 
.".0  per  cent,  overload. 


nninnco  to  l'<-<-il-\\  liter  Ili-ntirx — If  the  noat  valve  at  the 
fccrl-walcr  liiatii  sticks,  it  !<houl(l  not  he  raiseil  by  (he  en- 
gineer in  order  to  admit  water  which  is  jit  city  pres.sure. 
Thi.s  pressure  may  cause  the  heater  to  burst  throueh  the 
failure  of  the  overflow  trap  to  quickly  relieve  It.  Occasionally 
a  heater  is  damaKed  by  an  enifineer  who,  In  an  attempt  to 
heat  the  water  in  II. e  heater,  will  so  manipulate  a  trap  that 
the  steam  In  the  hiph  pressure  drips  will  blow  directly 
through   It  anrl   tTito  the  heater. 


A  new  gage  for  use  with  steam  condensers,  the  Seanes 
vacuum  efBciency  and  absolute  pressure  gage,  has  recentlj' 
been  developed.  The  device  is  designed  to  show  if  the 
condenser  is  dirt}';  if  too  little  cooling  water  is  being  used ; 
if  there  is  an  e.xcess  of  air  in  the  sy.stem;  if  the  cooling 
water  is  too  hot;  if  power  is  being  wasted  by  pumping 
too  much  cooling  water,  or  whether  the  air  pump  is  in 
good  condition.  The  gage  is  for  constant  use  with  the 
condenser,  and  not  only  denotes  the  true  vacuum  and 
wbcllier  it  is  \arying.  but  also  indicates  the  causes  of  the 
changes. 

When  the  gage  is  used  with  a  surface  condenser  it  reads 
the  absolute  |)ressure,  or  vacuum  corrected  to  a  30-in. 
barometer;  the  vacuum  efhciencv,  i.e..  tlie  percentage  of 
the  theoretical  vacuum  due  to  the  condensed  steam  tem- 
perature which  is  being  maintained  in  the  condenser, 
and  also  the  condenser  efficiency,  or  the  percentage  of 
the  theoretical  vacuum  due  1o  the  cooling-water  discharge 
temperature. 

\\'hen  used  with  a  jet  condenser,  llie  second  and  third 
readinsfs  are  the  same. 


fj A(ji:  Foi!   SriiF.MK  Condenser 

The  glass  IT-tube  ^1  (see  illustration)  is  sealed  at  one 
end,  exhausted  of  air  and  then  filled  with  colored 
water  H,  which  is  heated  to  the  temperature  of  the  con- 
densed steam  by  a  small  jet  of  the  latter,  drawn  through 
the  outer  tube  ('  through  the  connei'tion  D  to  .some  con- 
venient iioint  of  vacuum.  The  water  in  the  inner  tube  A 
then  takes  such  a  position  that  the  vapor  pressure 
in  I  be  tube  and  the  colunm  of  water  in  that  leg  will  bal- 
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ance  the  vacumn  in  the  conclenscr  and  tlie  eolunin  of  water 
in  the  other  leg:  the  diiferenee  of  le\ol  of  the  cclored 
water  in  the  two  legs  is  a  jneasurc  of  tlie  vacuum  eflfi- 
fiency  of  the  condenser,  as  tiie  i-olored  water  is  at  the 
temperature  of  the  condensed  steam. 

The  pipe  A^  is  cunnecied  to  tin-  vacuum  to  lie  tested. 
The  left  IJ-tube  E  in  a  simihir  manner  reads  the  con- 
den.ser  efficiency,  a  small  stream  of  the  discharge  cool- 
ing water  being  passed  througii  the  outer  tube.  Tiie  mer- 
cury in  the  bottom  of  the  U-tulie  is  to  prevent  air  ]iass- 
ing  into  the  sealed  side. 

For  a-jet  condenser  but  one  IT-inbe  is  used. 

The  mercury  IT-tnhe  F  is  an  improved  absolute  pres- 
.sure  gage  for  indicating  tlic  vacuum  in  the  condenser, 
corrected  to  a  ■"iit-in.  l>arometer.  .\o  chemicals  are  used  and 
water  condensing  on  the  mercury  does  not  affect  the  read- 
imr.  Thi>  left  side  of  the  IT-tulie  is  sealed  and  exhausted 
to  as  ])erfcct  a  vacuum  as  is  ])ossihle,  the  tube  is  filled 
with  mercury  and  tlie  other  end  is  closed  by  a  thin 
rubber  saci<.  inclosed  in  a  glass  bulii  and  is  filled  witli 
meri-ury. 

The  pres-<nre  in  the  condenser  is  transmitted  to  tiie 
mercurv  in  tiie  lndU  II,  and  tlien  tlirough  the  rubber  sack 
//  to  the  mercury  in  tlie  si-aled  leg.  The  diiference  of  level 
of  tlie  mercury  in  the  two  legs  is  a  measure  of  the  vacuum 
in  the  c(uideiis(-r.  The  rubber  sack  is  only  partially  filled 
with  mercury  and  is  not  in  tension,  and  does  not  afi'ect 
the  reading.  The  l)ulli  G  is  contihued  into  a  narrow  tube, 
which  is  again  enlarged  at  /  to  I'orm  a  second  luilli  ./. 
which  is  filled  with  water  to  the  overflow  A' .•  the  scale  L 


is  corrected  lor  the  weight  of  water  on  the  mercury,  and 
any  further  water  which  condenses  in  .7.  overflows,  and 
can  be  blown  back  into  the  condenser  bv  opening  the 
cock  .¥. 

Examides  of  the  use  of  the  gage  are  as  follows:  A 
vacuum  in  F  of  28  in.,  with  a  vacuum  efficiency  of  98.5  per 
cent.,  and  a  condenser  efficiency  of  98  per  cent.,  shows  that 
the  efficiencies  arc  normal,  and  the  vacuum  is  as  good  as 
may  be  expected  withunt  more  cooling  water.  If  the  vac- 
uum dro]is  to  ''.',  in.,  till'  efficiencies  are  as  before,  but 
either  more  water  is  needed,  the  inlet  temperature  has 
gone  lip,  or  the  condenser  is  oxerloaded.  If  the  vacuum  is 
2;  in.,  with  ii  \iieinini  ellieieiity  of  98.6  ])er  cent,  and  a 
condenser  efficiency  oF  III  pel'  cent.,  the  condenser  needs 
cleaning.  In  another  case,  with  a  vacuum  of  27  in.,  and 
both  efficiencies  worse,  there  is  probably  an  air  leak- 
age; alternatively,  I  lie  air  pump  is  in  bad  condition,  or  in 
the  case  of  a  rotary  air  immpthe  seal  water  is  too  hot. 

.As  a  I'll  liber  examjile,  sn])pose  the  engineer  is  not  satis- 
iiiMl  with  a  \acuum  (d'  28  in.,  and  increases  the  circulat- 
ing-water quantity,  without  result,  he  will  probably  .see 
that  although  the  vacuum  is  still  28  in.,  the  efficiencies 
have  fallen  off.  This  would  show  that  the  air  pump  is  not 
ca].)able  of  more  than  28  in.,  with  the  existing  air  leakage, 
and  he  mu-^t  either  reduce  this  or  increase  the  capacity 
of  bis  air  |iiiin|i.  If.  however,  only  the  condenser  effi- 
ciency had  ralleii  (with  the  condenser  clean),  and  the 
vncuum  efficiency  had  remained  at  98.5  per  cent.,  it  would, 
|n-ovc  that  the  size  of  the  condenser  would  not  allow  of  a 
higher  vacuum. 
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By  Cii.veles  H.  Brojiley 


SYXOPSIS—Fnrihcr  desniption  of  Ike  1000-ton  ain- 
inonia  compressor  of  the  Quincij  Marl-et  Cold  Storage  & 
'Warehouse  Co..  Boston.  A  (/orernor  driven  fhrovfiti  aii- 
tomohile  triinsniis.-iidn  ijears.  irlllt  other  features,  alloirs 
fte.rihle  adjustuieut.  .1  sijucliniuoiis  tuolor-driren  tarli- 
ometer  inilirates  tlie  speed,  ami  u  craul:  unle.r  helps 
the  operator  lu  start iny  and  slojijiinij  the  (■unipre.'<.wr. 
A  quiel--elos'uitj  throttle  irilh  electric  and  steam  control 
is  also  a  feat  are.  Luliriculiou  \//,s7<'/(/  fur  the  eompressor 
which  liaudles  tiro  iridelj/  different  suction  pressures  in 
the  .•<aine  ci/tiiiders. 

As    IXTERESTIXr;   ("iOVETtXOR 

Wide  range  in  ;  peed  is  es.-;entiai  in  ammonia-compre.s- 
sor  pi-actic-e,  and  is  especially  so  here  owing  to  the  nature 
of  the  service.  The  governor  has  been  designed  to  make 
the  machine  as  flexible  in  speed  as  possible  and  to  allow 
the  attendant  to  make  adjustments  quickly  and  conven- 
iently. 

The  governor  proper.  Fig.  4,  is  of  the  usual  Eice-Sar- 
gent  design,  but  has  .'^ome  most  interes'ting  additional 
features.  It  is  driven  liy  a  layshaft  from  the  luain 
shaft  throiigh  gear  transmission  designed  after  the 
transmission  in  an  automobile.  Six  different  speeds  may 
be  obtained  by  shifting  these  gears  by  means  of  the  knob 
aud  recesses  shown. 


After  the  shift  has  been  made,  the  gears  may  be 
locked  by  swinging  over  the  arm  A.  A  change  of  ten 
revolutions  may  lie  had  for  each  shift  in  the  gear  box, 
and  as  .^ix  shifts  pre  ]iossil>le,  this  gives  sixty  revolutions. 
For  variations  of  less  than  ten  revolutions,  the  weight 
on  the  quadrant  is  u>ed.  This  quadrant  has  thirty-seven 
notches,  each  noti4i  giving  a  variation  of  one-third  revolu- 
tion. This,  you  see,  gi\es  ;57  X  •^••>33  =  12.3  revolutions, 
whiib  enables  tlie  operator  to  carry  the  speed  beyond  the 
ten  possible  by  sliifting  gears.  'With  this  governor  then, 
the  speed  may  be  \aried  Ijy  as  low  as  one-third  revolution 
between  thirteen  and  seveutv-five. 

1 
Syxciiroxous  Motoi;-1)i;ivex  Tachojieter 

For  accuracy  in  speed  indication,  ilr.  Fairbanks,  the 
chief  engineer  for  the  company,  designed  a  tachometer 

driven  by  a  synchronous  motor;  a  small  25-cycle  gener-  j 

ntor>  belt-driven  from  the  governor  layshaft,  supplies  the  | 
current.     This  tachometer  is  very  sensitive.     Next  to  it 

on  the  gage-board  is  a  condiined  indicating  and  record-  j 

ing  steam-pressure  gage,  the  ])ii)e  of  whi(4i  is  on  the  com-  j 

pressor  side  of  the  throttle.     As  the  pointer  of  the  gage  > 

rises  and  falls  as  cutoff  causes  the  pressure  in  the  steam  ; 

line  to  momentarily  fluctuate,  the  movement  of  the  tach-  j 

ometer  ]iointer  is  seen  to  synchronize  wiih  it.     The  gage  , 

boards  and  the  steam-control  valves  are  shown  in  Fig.  5.  J 
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Formerly,  the  governor  '^as  Inbrieated  bj'  oil  which 
dropped  from  the  cup  at  the  top  of  the  casing.  Some- 
times the  cup  outlet  or  the  tube  leading  from  it  -n-ould 
become  obstructed.  The  oiler  would  not  notice  this  con- 
dition for  some  time  because  the  cup  showed  plenty 
of  oil.  To  make  a  full  or  partly  filled  cup  an  indication 
of  trouble  proved  good  practice.  The  oil  now  goes 
through  the  cup  on  its  way  to  the  governor  parts,  but 


when  the  cup  fills,  it  shows  that  the  connections  lietween 
it  and  the  parts  to  be  lubricated  are  obstructed. 

Quick-Closing   Throttle 
Serious  damage  to  compressors  has  occurred,    because 
before  the  attendant  could  close  the  throttle  it  was  too 


Fig.   I.     CovKitvon  mn  the  1000-Ton  Compukssoi;  :  Dkivkx  thtjooth 

AlTIIMor.lLE    Si'EF.II   TitAXSMISSION    (ilVING     TmsITALLY 
WiDK    l^VNGE    IN    SnCKU 


Gage  Boards  and  Control  Valves  for  the 
1000-Ton-  Machi.xe 

late  to  i^revent  accider.t.  To 
avoid  such  conditions  the 
1000-tou  machine  has  an 
electrically  operated,  quick- 
closing  throttle.  The  quick- 
closing  valve  is  at  tlie  left 
of  the  throttle,  as  shown  in 
Fig.  6  and  the  bypass  pedes- 
tal is  at  the  immediate  right, 
giving  all  steam  control  with- 
in an  arm's  longtli.  The  quick- 
closing  niedianism  consists 
of  a  s()lenoid-o])erated,  spring- 
loaded  ]iilot  valve  furnishing 
steam  pressure  to  a  lialanced 
throttle.  Pro\  isions  have  been 
made  to  operate  tlie  solenoid 
1)y  a  push  Initton  on  tlic 
watcli  engineer's  desk. 

Eacli  valve  on  both  steam 
cylinders  may  be  operated 
separately  by  tlirowing  out 
a  clutcli  by  sim]ily  turn- 
iug  a  knurled  knob  provid 
>d  for  cncli  valve,  and  imlling 
it  ojien  or  sliut  with  a  bar. 
The  steam  valves  are  triiil'' 
ported     to     give     inaxiinin: 
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opening  with  niiniuuiin   movenieut.     Tho   valve  gear  is 
sLowii  in  Fig.  7. 

The  jacket  of  the  high-pressure  steam  cylinder  gets 
superheated  steam  (150  lb.,  125  deg.  F.  superheat,  total 
191  deg.  F.)  and  this  jacket  water  and  steam  togethar 
with  all  high-pressure  drips  go  to  a  regenerator,  the  re- 
evaporated  water  passing  into  the  low-pressure  cylinder. 
The  clearance  volume  in  the  steam  cvlinders  of  this  ma- 


FiG.  fi.    Eelative  Locatiox  of  TiriiOTTLE.  Bt-Pass 
AXD  QncK-STor  Tiai'  Valves 

chine  is  quite  low,  being  but  11/2  P^'''  ^'ent.  -Metallic  pack- 
ing is  used  in  the  steam  end  and  all  joints,  such  as 
those  at  the  cylinder  heads,  valve  bonnets,  etc.,  are 
metal  to  metal,  no  gaskets  whatever  being  used. 

LUBEICATION   OF   THE    1000-TON    MACHINE 

Steam-cylinder  lubrication  is  done  with  a  noncom- 
pounded  mineral  oil  without  graphite.  Instead  of  try- 
ing to  obtain  atomization  of  oil  as  it  enters  the  cylinder, 
the  object  is  to  put  the  oil  in  cold  and  depend  upon  the 
jjiston  to  wipe  it  over  the  cylinder  wall.  Oil  pumps 
are  provided  for  hand  lubrication  for  starting  and  for 
emergencies,  the  oil  reaching  the  cylinder  walls  in  five 
different  places  for  each  cylinder.  Fig.  8  shows  one  of 
these  cups  mounted  on  the  head  of  the  low-pressure 
cylinder.  The  cup  for  the  centrifugal  oiler  for  one  of 
the  crankpins  is  shown  in  Fig.  9.  The  centrifugal  oilers 
(provided  on  all  compressors  and  brine  pumps)  have  a 
lip  on  the  inside  of  the  receiving  shell  to  keep  the  oil 
from  spilling  out  by  gravity,  as  it  will  with  Biost  types 
of  "banjo"  oilers  when  the  centrifugal  force  is  reduced 
lielow  a  given  amount.  One  of  the  large  oil  cups  as 
used  on  the  fill-pieces  between  the  ammonia  cylinders 
and  A-frames  is  shown  in  Fig.  10;  these  oilers  supply 
the  wristpins  and  guides.  Emergency  lubricators  as 
used  on  the  steam  end  of  the  800-ton  machine  are  shown 
in  Fig.  11.  Pipes  nm  to  the  top  and  bottom  of  the  cyl- 
inder and  the  indicator  connections  are  used  to  get  oil 
to  the  side;  Fig.  12  shows  how  the  low-pressure  valve 
rods  are  lubricated.  The  present  forced-feed  lubrica- 
tion system  will  be  displaced  by  a  gravity-type  system. 

The  three  ammonia  cylinders  are  each  SO.xoO  in.,  the 
volume  of  each,  neglecting  piston  clearance,  which  is  only 
lO-thousandths  of  an  inch,  being  3534  cu.in.  and  the  dis- 
placement of  the  machine  at  75  r.p.rn.  (neglecting  clear- 


ance) is  920  cai.ft.  per  miii.  Each  ammonia  head  contains 
fourteen  valves,  and  an  extra  head  is  kept  on  a  hand 
fruck  near  the  machine  to  be  lifted  by  the  crane  and 
put  on  in  a  hurry  when  emergency  demands;  this  head 
is  shown  in  Fig.  12a. 

Two  Suction  Pressures  Handled 

The  back  pressures  for  the  warehouse  and  street  sys- 
tems are  different,  but  are  handled  by  the  same  compres- 
sor. This  is  accomplished  by  taking  the  low-pressure 
gas  through  the  suction  valves  for  48  in.  of  the  stroke 
and  then  admitting  the  high-pressure  gas  from  the  sec- 
ond system  through  ports  uncovered  by  the  piston,  the 
high-pressure  compressing  the  low-pressure  to  a  volume 
in  direct  ratio  to  the  pressures  and  at  a  lower  temperature 
than  would  be  normal  with  the  high-pressure  gas  alone, 
thus  greatly  increasing  the  capacity  of  the  compressor. 

All  metal  surfaces  of  the  ammonia  end  of  the  com- 
pressor with  which  jacket  water  is  in  contact  are  painted 
heavily  with  boat  bronze,  a  paint  made  of  spar  varnish 
and  bronze  powder,  to  resist  the  corrosive  action  of  the 
harbor  water,  which  contains  free  chlorine  from  the  sew- 
age. Also  it  contains  magnesium  chloride,  and  experi- 
ence shows  that  when  salt  water  is  heated  the  magnesium 
chloride  in  solution  tends  to  dissociate  into  magnesium 
oxide  and  hydrochloric  acid  on  the  application  of  heat, 
the  hydrochloric  acid,  of  coitrse,  being  highly  corrosive. 
This  boat  bronze  proves  to  be  a  good  corrosion-resisting 
material  for  such  service.  Like  other  paints  for  the  same 
or  similar  purposes,  it  must  be  well  brushed  into  cor- 
ners and  recesses  and  for  this  reason  it  pays  the  one 
in  charge  to -closely  inspect  the  work.  The  corners  of 
nuts  especially  should  be  well  coated,  otherwise  they 
will  waste  away  and  be  crushed  and  sheared  off  when  a 


Fig.  7.     Valve  Geai;  of  the  Low-Pressuke  Cylinder 

wrench  is  applied,  as  is  often  necessary  when  stopping 
ammonia  leaks  when  tightening  a  plug  in  the  ammonia 
head. 

The  water  for  each  cylinder  enters  the  jacket  througli 
a  2-in.  pipe,  having  four  openings  below  the  end  and 
an  umbrella-shaped  hood  over  the  top  to  deflect  the  water 
downward,  as  shown  in  Fig.  13.  This  gives  a  better 
cooling  effect  than  if  the  water  were  allowed  to  discharge 
from  the  end  of  the  pipe  direct,  because  it  stratifies  the 
water. 
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FlK.  8.  on  pump  on  hpad  of  low-prcssiire  cylinder.  Pig.  9.  Ol!  cup  for  one  of  tho  largre  prankplns.  FIc.  10.  Oiler  for  the 
fitlcal  Kuldis  iinil  the  wri.slplnH.  FiK.  11.  Oil  pumps  on  indicator  pipi-s  of  tiio  4(MP-ton  macliini',  VIk.  12.  How  the 
iilv«-  stcmM  for-  till'  liii;  comiJiiMKor  ;ire  lubricated. 
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The  high  speed  (75  r.p.m.)  for  which  the  compressor 
is  iutendecl  calls  for  a  valve  of  a  design  that  will  allow 
it  to  open  and  close  rapidly,  be   tight  and  not   wear 


sent  to  the  builders  and  show  and  state  the  details  so 
clearly  that  no  further  description  is  necessary. 

It  should  be  luiderstood  that  "1000  tons,"  as  applied 
to  the  compressor,  is  really  only  a  name,  for  at  75  r.p.m., 
the  normal  speed,  the  machine  develops  1250  tons. 


Fio.  12a. 


One  of  the  Ammoxia  Heads  of  the  1000- 
Tox  Maciiixe 


quickly.  Fig.  14  shows  one  of  the  suction  valves,  and 
Fig.  15  one  of  the  discharge  valves.  These  illustrations 
are  almost  exact  reproductions  of  the  assembly  drawings     complete  cost  $75,000,  and  as  its  rated  capacity  at  75 


OxE  OF  THE  Umbrella  Deflectors  for  the 
CojrPREssoR  Jacket  AVatek 

The  machine  has  been  admired  by  many  visiting  de- 
signers and  builders  and  all  commend  it  most  highly, 
but  many  remark  that  to  build  such  machines  is  com- 
mercially prohibitive  because  of  its  cost.     The  machine 


1^- -s%- ^ 

Fig.  14.     Suctiox  Valve  of  the  1000-Tox  Com- 


FiG.  15. 


Discharge  Valve  foe  the  1000-Tox  Com- 
pressor 
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r.p.iii.  is  1250  toils,  the  price  per  ton  capacity  is  $60.      IssapS"®-^©^   IBaidleimlhia'aaseini  WsitleiP' 
The  contractor  was  in  no  way  responsible  for  the  ma-  TTufllb©    Mofll®!? 

chine.  If,  when  the  various  parts  arrived,  the  measure- 
ments were  as  specified  thouuh  in  error  enough  to  make 
trouble  in  assembling  on  the  foundation,  the  responsi- 
bility was  entirely  up  to  the  designer.  The  same  was 
true  for  the  performance  of  the  machine. 

Figs,  loa  and  15b  show  diagrams  from  the  ammonia 
end  of  the  1000-ton  compres.«or.  The  reader  will  rec- 
ollect that  this   machine  receives  gas  at    one    pressure 


POWER 
Fig.  15.V.     Ammonia  Diagkam,  One  Suction  Pressure 

Discharge    pressure.    123    lb.;    suction    pressure,'   atmospheric; 
scale  of  spring,   SO  lb.;   30  r.p.m. ;  cylinder,    30x50  in. 

from  the  warehouse  system,  and  at  another  from  tlie  street 
system.  The  first  figure  shows  a  diagram  taken  while 
gas  at  only  one  pressure  was  being  handled.  The  suc- 
tion lines  follow  the  atmospheric  lines  in  both  diagrams. 
Notice  that  there  is  no  perceptible  reexpansion,  the  valve 
action  being  exceptionally  good  during  all  events  of  the 
cycle.  ¥ig.  15b  was  taken  while  the  machine  was  receiv- 
ing gases  at  two  different  pressures,  the  high-pressure 


Fig.  15i!.  .\mm<im  \  Diauha.m,  Twcj  Sr 


"POWER 
)\    PHESSUUES 


Discharge  pressure.  123  lb.;  low  suction  pressure,  atmos- 
pheric; high  suction  pressure,  17  lb.;  scale  of  spring,  80  lb.;  30 
r.p.m.;  cylinder,  30x50  in. 

ga.s  entering  through  a  port  in  the  piston  after  it  had 
traveled  48  in.  of  the  50-in.  stroke.  Referring  to  the 
suction  end,  it  will  be  seen  that  the  port  area  in  the  pis- 
Ion  is  sufficient  to  allow  the  high-pressure  gas  to  get  in 
lioforc  the  end  of  the  stroke  is  reached.  The  diagram 
also  shows  that  the  piston  port  is  covered  before  compres- 
.lion  can  force  the  gas  l)ack  into  the  port.  The  advantage 
of  using  two  suction  pressures  is,  of  course,  to  increase  the 
rapacity  of  the  niacliine.  How  nnicii  it  increases  it  is  ap- 
jiarcnt  from  the  diagrams,  for  the  first  diagram,  where 
one  pressure  is  used,  has  consideraldy  more  area  than 
the  second  where  two  gases  are  admitted. 
■*■ 

To  Find  the  Area  of  nn  Klllpiir — The  area  of  an  ellipse  i« 
I  qual  to  0.7854  times  the  product  of  the  axes  of  the  ellipse. 
i:xample:  The  major  axis  Is  ID  In.  and  the  minor  axis  10  in. 
Aiiplylng  the  rule, 

15  X  10  X  0.7854   --   117.81  sq.ln.     Ans. 


TJie  original  Badenhausen  water-tube  boiler,  described 
in  the  Sept.  22,  1908,  issue,  consisted  of  four  drums, 
the  lower  or  mud  drum  being  connected  by  tubes  to  the 
rear  and  lower  front  drum.  The  upper  front  drum  was 
connected  to  the  top  rear  and  bottom  front  drum  by 
banks  of  tubes. 

The  present  design  of  tliis  boiler  retains  the  four  drums 
in  practically  the  same  relative  positions,  l)ut  the  ar- 
rangement of  tubes  between  them  is  different.  The  lower 
front  water  drum  and  the  rear  steam  and  water  drum 
are  connected  by  tubes  to  form  the  course  of  circulation 
for  the  water.  The  upper  front  steam  drum  is  connected 
through  the  \vater  column  opening  to  the  lower  front 
drum. 


POCUER 

Sectio.nai,  View  ui-  l'>Ai)KxiiArsi:N   WArEU-TvuE 
F.oii.Ki; 

The  holler  is  supported  Ijy  heavy  steel  I-beam  framing. 
The  water  drum  is  suspended  from  heavy  Iwlts  secured  to 
these  I-beams,  and  the  mud  drum  is  suspended  from  the 
tubes  which  connect  to  the  rear  steam  and  front  water 
drums.  This  arrangement  gi\es  flexibility  to  tlie  boiler, 
as  but  one  drum  is  stationary,  aiul  altlwugii  variations  of 
tem])erature  occur  in  the  boiler,  the  liability  of  the  tubes 
lieing  distorted  or  torn  out  from  the  drums  is  remote. 
The  front  steam  drum  is  placed  upon  a  heavy  steel  support 
and  connected  by  steam  tubes  to  the  rear  dniin  and  by 
water  connections  to  the  front  water  drum. 

All  drums  are  designed  and  built  according  to  the 
Massachusetts  and  Ohio  boiler  laws,  with  double  butt- 
strapped  and  double-riveted  joints. 

The  drum  lu^ds  are  made  of  extra-heavy  steel  with 
niaiiboles  pressed  in.  The  tubes  enter  the  drums  radial- 
ly and  are  expanded  and  llared.  The  absence  of  short 
tulies  with  the  middle  lower  tiian  their  outer  ends  docs 
away  with  all   pockets   for  dirt  or  scale. 

The  arningcment  of  the  tiling  and  baflliiig  is  shown 
in  the  illu.st ration,  a  hand-fired  furnace.  No  special 
l)anies  are  needed  and  standard  tile  only  is  used.  An 
examination  of  the  bafTliiig  will  indicate  how  the  hot  gases 
must  pass  all  of  the  lube-heating  surface. 
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The  boiler  is  clfeaiied  internally  by  removing  four 
manhole  covers  and  inserting  a  tube  cleaner  into  the 
tubes.  The  outside  of  the  tubes  is  cleaned  by  inserting 
steam  lances  from  the  boiler  front.  The  necessary  repairs 
are  facilitated  by  the  tubes  being  spaced  alternately  wide 
and  narrow,  permitting  the  replacing  of  any  tube  without 
disturbing  any  other  tube;  no  bafBes  need  be  disturbed. 
Owing  to  the  cycle  of  circulation  in  the  boiler,  impurities 
are  finally  thrown  into  the  large  nnid  drum,  when  they 
may  then  be  blown  off.  As  the  feed  water  enters  the  top 
rear  drum  and  passes  down  the  rear  outer  tubes,  the 
scale  will  be  found  in  these  tubes  and  also  in  the  nnid 
drum. 

The  main  characteristics  of  this  boiler  are  that  the 
area  of  the  tul)e  entering  the  drums  and  leaving  them  is 
]iractically  the  same,  thus  permitting  unrestricted  cir- 
culation; the  large  disengaging  surface  of  the  boiler, 
which  is  the  total  area  of  the  tubes  discharging  into  the 
rear  drum;  and  the  fact  that  the  steam  in  passing  through 
the  steam  tubes  is  dried  and  slightly  superheated. 

This  boiler  is  manufactured  by  the  Badenhausen  Co., 
]  129  Chestnut  St.,  Philadelphia,  Penn. 

TMck  B®al©r  Fls^tes 

By  S.   F.  Jetei; 

The  projier  thickness  of  fire  plates  for  lionzontal  tub- 
ular boilers  is  a  mooted  question.  In  practice  five-eighths 
of  an  inch  seems  to  be  about  the  maximum,  owing  to  the 
trouble  at  the  girth  seams  with  plates  of  even  this  thick- 
ness. 

There  is  no  conclusive  evidence  that  plates  of  five- 
eighths  of  an  inch  and  over  are  more  likely  to  give  trouble 
in  the  solid  part  under  the  same  operating  conditions 
than  thinner  plates,  and  they  have  been  used  with  appar- 
ent success  so  far  as  the  solid  part  of  the  plate  is  con- 
cerned. Since  there  is  a  tendency  in  proposed  boiler  rules 
and  laws  to  limit  the  ma.ximum  tensile  strength  for  the 
shell  plates,  the  question  arises  as  to  what  the  limit  in 
thickness  may  be.  The  first  trouble  with  thic'k  sheets  ap- 
pears at  the  girth  seams  where  the  plate  is  doubled. 

There  is  need  of  experimental  data  to  show  how  the 
transmission  of  heat  occurs  at  this  point.  The  belief  at 
present  is  that  the  principal  resistance  met  with  is  at  the 
hvo  surfaces,  therefore  there  can  be  l)ut  little  heat  trans- 
mitted through  the  outer  lap  of  the  joint  except  where 
the  two  plates  are  held  in  intimate  contact  by  the  rivet. 

It  is  a  fact  that  well  fitted  seams  show  less  tendency 
to  fire-crack  and  to  give  other  trouble  than  those  not  .so 
well  fitted,  but  this  does  not  prove  the  case  conclusively. 
For  example.  Fig.  1  represents  a  section  of  a  poorly 
fitted  seam  before  the  edge  of  the  outer  plate  was  (talked. 
"While  poor  fitting  would  tend  to  prevent  the  proper  trans- 
mission of  heat  through  such  a  joint,  the  plate  along  the 
calking  edge  would  also  be  under  a  severe  strain  when  the 
rivets  pull  the  two  courses  together.  Both  conditions 
woidd  tend  to  cause  fire-cracks  where  local  heating  oc- 
curred. 

The  stress  on  the  edge  of  the  sheet  by  the  use  of  a  drift 
pin  to  bring  holes  in  line  would  be  almost  certain  to  pro- 
iluce  fire-cracks. 

Punching  rivet  holes,  drifting,  bevel-shearing  and  the 
probability  of  the  imperfect  fitting  of  the  courses  all  have 
con.siderably  greater  effect  on  thick  than  thin  plates.  These 
are  some  of  the  reasons  why  trouble  at  the  girth  seams 


may  be  experienced,  which  is  not  alone  caused  by  poor 
heat  transmission  on  account  of  the  thickness  of  the 
plates.  Attempts  have  been  made  to  avoid  the  foregoing 
trouble  by  reducing  the  thickness  of  the  outer  lapping 
plate  at  the  seam.  Fig.  3.  I  question  the  advisability 
of  the  method  shown  in  the  illustration  because  it  pro- 
duces a  local  weakness  at  a  point  where  considerable 
strain  due  to  expansion  and  contraction  occurs,  and  it 
may  be  found  that  the  plate  has  a  tendency  to  crack  at 
some  point  between  A  and  B. 

There  is  reason  for  believing  that  the  heat  is  largely 
transmitted  lengthwi.se  of  the  shell,  indicated  by  the  ar- 
rows in  Fig.  .'5.  This  is  the  reason  for  restricting  the 
length  of  lap  of  .such  joints. 

When  the  Massachusetts  Rules  first  went  into  effect,  it 
was  specified  that  all  riveted  joints  should  have  the  dis- 
tance from  the  center  of  the  rivet  hole  to  the  edge  of  the 
plate  not  less  than  one  and  one-half  times  the  diameter 
of  the  rivet  hole,  but  this  rule  had  to  he  changed  and  it 
now  applies  only  to  longitudinal  seams,  because  that 
amount  of  lap  on  a  fire  seam  was  not  satisfactory  as  was 
proved  by  experience. 

In  case  of  trouble  at  a  girth  seam  the  boiler  maker 
chips  the  edge  of  the  plate,  primarily  to  secure  a  new  edge 


FIO.3.  F1&.4-.  FI6.5. 

.loi.NTs  Fou  Thick   Plates 

of  metal  to  ,alk,  but  it  also  improves  the  conditions  by 
shortening  the  lap  and  placing  the  new  calking  edge 
closer  to  point  C,  Fig.  3,  and  therefore  it  is  not  so  apt 
to  become  overheated.  Frequently,  the  result  is  that 
seams  that  could  not  be  kept  tight  as  first  constructed  re- 
main tight  after  this  treatment.  A  microscopic  examina- 
tion of  the  edge  of  the  plate  of  a  girth  seam  exjiosed 
to  the  fire  was  made  by  an  engineer  connected  with  a 
prominent  boiler  company.  The  indications  were  that  the 
part  of  the  outer  lapping  plate  shown  shaded  ( Fig.  -i ) . 
was  exposed  for  a  long  time  to  temperatures  high  enough 
to  cause  structural  changes.  In  .short,  it  was  burned, 
while  the  metal  elsewhere  was  in  good  condition.  This 
would  indicate  that  the  transmission  of  the  heat  was 
lengthwise  of  the  shell,  as  previoxisly  stated. 

From  the  foregoing,  I  believe  that  thick  plates  coidd  i)e 
used  by  constructing  the  joint  in  the  following  manner: 
First,  by  using  rivets  with  large  heads,  becau.se  all  of  the 
surface  covered  by  the  rivet  heads  is  protected  from  the 
heat,  which  is  conducted  through  the  body  of  the  rivet 
to  the  water  inside  of  the  boiler.  Second,  by  having  the 
courses  well  fitted  together  so  as  to  get  the  maximum 
benefit  from  the  contact  between  the  plates.  Third,  by 
having  the  calking  edges  of  the  plates  planed  instead  of 
bevel-sheared.  Fourth,  by  reducing  the  thickness  of  the 
edge  of  the  overlapping  plate  (Fig.  5),  so  that  the  max- 
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inuim  leDgthwise  heat  transmission  may  be  obtained. 
This  gradual  reduction  does  not  weaken  the  plate  locally, 
as  in  Fig.  2,  but  it  certainly  imi^roves  the  longitudinal 
transmission  of  the  heat. 

There  may  be  some  objection  to  driving  the  outer  rivet 


head  on  a  slanting  surface,  but  since  the  original  head 
of  the  rivet  would  be  in  contact  there  should  be  no  trouble 
experienced  if  a  die  of  the  proper  form  is  used  and  the 
rivet  is  held  iu  the  right  position  in  the  ram  of  the 
riveter. 


g\(Oirooiia   for   Smmolleless   Setttimig's* 

Uy   USBOliX  .MoxXKTTf 

The  accompanying  table  is  intended  as  a  summary  to  ence  in  practice  so  far  as  furnace  desigii  is  concerned  is 
compactly  give  the  minimum  headroom  requirements  for  negligible.    Boilers  with  314-iu.  pitch  affect  the  furnace 
good  performance  for  the  combinations  of   boilers  and  design  sufficiently  to  warrant  a  separate  colunm.    Higher 
furnaces  found  in  use  iu  Chicago.    The  "headrooms"  were  headroom  is  required  principally  to  give  the  proper  cross- 
taken  from  actual  installations,  which  are  running  satis-  sectional   area  in  the  combustion   chamber  so   that  the 
factorily.    So  far  as  capacity  is  concerned,  there  is  no  rea-  heat  will  not  be  'Ijottled"  in  the  furnace,  and  to  insure 
son  why  any  of  the  combinations  listed  could  not  run  long   flame   travel    by    raising   the    heating   surface    far 
with  a  clean  stack,  considerably  above  rating,  provided  the  he.-vdroom  requiremexts  for  smoivEless  settings 
draft  was   sufficient   and   proper   methods   of  operation  (au  Dimensions  in  inches) 
were  used.     While  not  intended  for  high  ratings  or  for  Hor.^Vert'^HoJ!''vert 
special  conditions,  the  settings  may  be  taken  as  standard  ^°"  Xubuifr"*"™    un'-'tfrfr^W    ^o°s°ot°h' 
for  ordinary  commercial  work  in  the  averaije  industrial  Furnaces          .54     60     66     72  Pitch  Pitch  Pitch  Pitch     Marine 

•^                                                                                  "-  hneil  to  deacl  plate     iTont  header  to  noor 

plant.  _No.  6 .■52       34       34       36       72       *         78       *  ** 

^  oNo.  7 36       40       40        42        t  t  t  t  ** 

Horizontal  Return-Tubular  Boilers  gNo.  s ^^sheiuo  floor  ^^    ''^    *      ''^    *  ** 

_,         ,      .,  „    ,,  .       ,  ,  ,  ,    J.  AT  /.  "c  Doiv-n  draft 60       60       60       60       72       *         78       *  * 

For  boilers  of  this  type,  department  lurnaces  JNos.  6,      «McMiiian 52     54     eo     eo     72     *      7s     *  *» 

7  and  8  are  quoted  from  shell  to  dead  plate.    This  dimen-  Se'Si'.S.'..          "^     ™     ''"     '^*     '-     *      '^     * 

sion  was  given  to  insure  a  satisfactory  bridge-wall  and  to  _^  refuse  burning      n     tt     tt     tt     s4     *      90     * 

obtain  proper  area.    '\Mien  the  ashpit  is  low  it  is  assumed      fl?  Buri<e 4s     4s     50     54     go     *      66     *   Full  extension 

'     ,-,'  „    ,,  ,        ,.  ,'         ,  .,,    ,       1  1         g^  McMillan 48       48       50       54       60       *         66       *     Full  extension 

that  the  floor  of  the  combustion  chamber  will  be  lowered  o 

sufficiently  to  get  the  proper  areas  through  the  furnace.      Chain  grate 72     72     7s     7s     84    lu     96    120  ** 

„      ~\     .      '^  .         ^      \    .  ,  XX-  -g-B  Moore 48       54       60       80       72     102       78     108  ** 

as  set  forth  m  previous  articles  on  such  settings.  ojjRoney eo     eo     eo     72     84    10s     90    120  ** 

-r,  1      X-       T     X    1  XI        T  •         r  1     11  J.      1       1        £tn  20th  Cent 54       fiO       66       72       84     108       90     120  ** 

For  underfeed  .stokers  the  dimension  from  shell  to  dead        ^Detroit ee     72     7s     84     90     *      96     *    Fuiw-xtension 

nia+p   nn    Vinriynnfal    rphirn-tllhlllflv    boilers   IS    ori'vpn     Ipav-        .S'O  Model 66       72       78       84       90       *         96       *     Full  extension 

piate  on  Horizontal  rerurn-tunuiai   noiicis  is  pi\en,  jLd\  |§  McKenzie...       66     70     70     70     90     *      96     *    FuUexiension 

ing  the  depth  of  ashpit  to  the  individual  characteristics        ^Murphy 66     72     7s     84     90     *      96     *    FuU extension 

of  the  stoker  u.sed.     Of  course,  with  underfeeds  the  torn-  s.^,  American           «*""  *J2°™42'''''42     78     ye     S4    102           ** 

bustion  chamber  need  not  be  lowered  as  in  the  case  of     ||  Jones 36     38     40     42     78     oe     S4    102  Min^^diam,  ,,,f 

bnnil-firpfl  fiirnfl.-(>s  Taylor **       **       **      **      84     102      90     108  ** 

nanii-nreci  Turna(ts.  westinghouse **     **     **     *•     84    102     90    108  ** 

With   the  exceptions  noted,  all  quotations  on   horizontal  *  Combinations  not  recommended  as  smokeless  settings, 

return-tubular  boilers  are  from  shell  to  floor  line,  as  the  T^^^^^^'^S  ^V^i^^'/tZ:.  ^'"^ '"  ""''"" 

equipment  consists  of  proprietary  furnaces,  in  which  the  l'iS&'Sln"<^'tlZt''^^'^^ii  -^ol l'':r::J::'i^tY.-^^lT..u. 

manufacturer  can  suit  his  own  ideas  as  to  the  location  of  spnng  of  arch. 

the  grate.  enough  away  from  the  grate,  esjiecially  at  the  inner  cud 

The  heights  given  for  side-feed  furnaces  are  for  stand-  ^ear  the  bridge-wall. 
ard  ratios  between  grate  and  heating  surface.    For  freak 

settings  using  wide  boilers  or  for  ratios  of  grate  to  heat-  Un.sati.s,.a.T(.i!V  Co.miunation.s 

ing  surface  higher  than  standard,  the  headroom  must  be  There  have  l)cen  some  combinations  of  vertically  baf- 

increased  to  correspond  with  tiie  greater  s])ring  of  the  arch  fled  water-tube  boilers  and  furnaces  which  have  not  re- 

necessitatcd  by  the  wider  si)an.     With  this  style  of  stoker  suited  in  smokeless  .settings.     The  dampening  ai'tion  of 

the  clinker   bar  should   be  located   at  or  slightly  above  the  tubes  combined  with  the  short  ilame  travel  results  in 

the  floor  line.  the  production  of  too  much  smoke  for  congested  com- 

Tavlor  and  Wcstingbouse  underfeeds  are  not  quote:!  ou  niunities.    These  combinations  are  noted  in  the  table. 

horizontal  return-tubular  boilers  as  they  are  not  general-  ij,,„„x. 

.     ,   ,,    ,         ,             x       (•          11             -i         *    -vo  ■  Veutical    HoiLEltS 
ly   in.stallcd   under   units   of    small   capacity.      A    72 -in. 

by  18-ft.  boiler  would  ])robably  be  the  smallest  unit  which  It  has  been  found  practically  inipossil>le  to  formulate 

these  stokers  might  serve.     In  this  case  a  headroom  of  84  a  set  of  standard  conditions  for  vertical  boilers.     In  gen- 

in.  would  be  recommended.  eral,  all  furnaces  in  connection  with  these  boilers  should 

be  set  full  e-xteiision,  giving  the  maximum  flame  travel 

W  ateh-Tuhe  Boilehs  ^^,,^j^j^  ^,^^.  ^^^^  ^^^^^,^  ^^ijl  permit  in  any  given  situation. 

With  water-tube  boilers  no  distinction  has  lieen  made  The  exact  amount  of  extension  depends  upon  so  many 
between  boilers  having  1-in.  pitch  to  the  foot  and  those  variable  conditions  that  each  case  must  have  individual 
having  ]V2-in.  pitch,  as  it  has  been  found  that  the  differ-  study  before  quotations  can  be  made.  With  mechanical 
stokers  serving  vertical  boilers  it  is  not  difficult  to  get  a 

'rsStsp"::;.  aty-^f  ""cVc^gr"-  ^niokeless  setting,  but  with  hand-fired  furnaces  the  exten- 
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siou  required  to  get  proper  mixing  action  frequently  re- 
sults in  a  cumbersome  combination. 

Continental  Boilers 

With  this  type  of  boiler  the  solution  is  a  full  extension, 
gravity-feed  furnace,  or  an  underfeed  stoker  installed 
directly  inside  the  corrugated  flue.  The  application  of 
furnaces  to  this  type  of  boiler  is  limited  to  a  few  types 
as  noted  in  tjie  table. 


B\   E.  R.  Feaece 

The  steam  consumption  of  all  types  of  engines  will  be 
improved  by  a  moderate  degree  of  superheat.  The  chief 
point,  however,  is  the  design  of  the  cylinder,  for  in  some, 
appreciable  distortion  takes  place  with  ordinary  steam 
temperature  only,  so  tliat  trouble  may  be  caused  by  the 
addition  of  even  80  to  100  deg.  of  superheat. 

In  the  average  Corliss  engine,  with  tight  valves  and 
pistons  and  the  cylinder  not  steam  jacketed,  little  is  to 
be  gained  in  having  more  than  SO  deg.  of  superheat  at 
the  inlet  valves.  That  is,  the  superheat  shoiild  be  Just 
high  enough  to  insure  dry  steam  at  the  ctitoif. 

Superheat,  besides  reducing  the  steam  consumption, 
will  allow  of  considerably  less  cylinder  oil  being  used, 
providing,  of  course,  that  an  oil  having  suitable  prop- 
erties be  used.  This  reduction  in  oil  is  probably  due  to 
the  removal  of  moisture  in  the  steam,  thereby  preventing 
the  oil  from  being  washed  off. 

In  ordinary  compound  and  triple-expansion  engines 
no  effects  of  the  superheat  will  be  found  past  the  high- 
pressure  cylinder,  even  in  short-stroke,  high-speed  types, 
unless  they  have  a  late  cutoff  in  the  high-pressure  cyl- 
inder, use  high  superheat  (150  to  175  deg.),  and  are  fully 
loaded;  in  which  case  a  slight  amount  of  superheat  will 
be  found  in  the  high-pressure  element.  Before  applying 
superheat  to  a  Corliss  engine  which  has  been  running  for 
a  few  years  on  saturated  steam,  it  is  advisable  to  remove 
all  the  valves  and  take  off  the  sharp  edges  from  the  ports 
as  well  as  the  valves.  This  will  prevent  the  scraping  off 
of  the  oil,  which  naturally  will  be  a  little  thinner  at  the 
higher  temperature.  Scraping  off  of  the  oil  is  the  cause 
of  grooving  in  many  Corliss  engine  valves. 

It  is  not  advisable  to  employ  more  than  50  deg.  super- 
lieat  with  slide-valve  engines  running  under  more  than 
100  lb.  pressure,  unless  the  oil  be  so  fed  into  the  cylinder 
as  to  enter  between  the  valve  and  the  face ;  even  then  50 
deg.  is  high  enough. 

In  modern  Corliss  engines,  where  the.  high-pressure  cy- 
linder is  properly  steam-jacketed  and  the  steam  passes 
around  the  Jacket  before  entering  the  cylinder,  it  is  best 
to  carry  about  120  deg.  superheat  for  a  steam  pressure  of 
160  lb.  gage.  In  many  engines  of  this  type,  with  a  good 
load,  the  high-pressure  exhaust  is  practically  dry  but  not 
superheated,  so  that  when  the  steam  in  the  Jacket  is  giv- 
ing a  reading  of  120  deg.  of  superheat,  at  the  point  of  cut- 
off it  will  be  in  the  neighborhood  of  90  to  100  deg. 

In  a  plant  having  cast-iron  steam  pipes  and  fittings 
with  a  pressure  over  100  lb.  gage,  it  is  not  well  to  use 
more  than  60  to  80  deg.  superheat.  In  fact  it  will  be 
far  safer  to  scrap  the  east-iron  pipes  and  put  in  steel, 
otherwise  cracks  may  develop  at  the  roots  of  the  flanges, 
especially  if  the  plant  is  shut  down  every  night. 


Before  changing  a  plant  from  saturated  to  superheated 
steam,  there  are  factors  which  require  careful  attention, 
otherwise  it  may  be  found  that  the  financial  outlay  is  more 
than  the  saving  that  can  be  attained. 


IB©a.I©5P 


The  principal  feature  of  the  Bradford  automatic  non- 
return boiler  stop  valve  is  the  construction  of  the  auto- 
matic disk,  seat  and  ping.  The  cushion,  or  compression 
chamber,  in  the  automatic  seat  has  a  small  area  (see 
illustration)  and  is  controlled  by  an  automatic  plug, 
adjustable  for  different  pressures.     This  construction  al- 
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BiiADFOKD  Automatic  Nonretukn  Stop  Valve 

lows  ample  clearance  to  the  automatic  disk  and  prevents 
it  from  seizing  the  piston  over  which  it  slides  without 
the  use  of  a  packing  ring.  At  the  same  time  the  auto- 
matic disk  is  controlled  by  the  automatic  plug. 

Under  normal  working  conditions  the  steam  flow  is 
away  from  the  boiler  and  its  stop  valve.  Wlien  an  acci- 
dent to  the  boiler  occurs  the  flow  is  reversed  through 
the  valve  toward  the  rupture,  causing  the  valve  disk  to 
receive  the  greatest  pressure  on  its  top  and  it  automati- 
cally closes  to  its  seat. 

Another  feature  of  the  valve  is  its  ability  to  cut  in 
a  dead  boiler  to  the  line  automatically.  The  valve  re- 
quires the  dead  boiler  to  attain  a  pressure  a  few  ounces 
per  square  inch  greater  than  the  pressure  in  the  live 
boilers,  and  then  cuts  it  in  and  ecpializes  the  pressure 
without  attention  by  an  attendant. 

This  valve  is  manufactured  l)y  the  Bradford  ilanufac- 
turing  Co.,  38-i  Atlantic  Ave.,  Boston,  Mass. 


Correct  IT.se  of  the  Word  -Fittins" — The  National  Tube  Co., 
in  its  "Book  of  Standards,"  defines  tlie  word  fitting  as  "A 
term  used  to  denote  all  those  pieces  that  may  be  attached 
to  piping  in  order  to  connect  them  or  provide  outlets,  etc., 
except  that  couplingrs  and  valves  are  not  so  designated." 
Plugs  and  caps  used  to  close  an  end  of  a  pipe  are  also 
included  under  the  term  fitting. 
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Some  maimfiuturers  are  jsadly  (k'lieient  in  the  making 
of  tests  and  puljlishiug  the  results  of  those  tests.  They 
seem  to  be  willing  to  "take  a  chance''  with  their  products 
and  claim  them  to  be  better  than  competing  makes  with- 
out iirst  making  exhaustive  experiments  to  prove  their 
statements. 

For  example,  the  maker  ^f  a  certain  appliance  adver- 
tised it  extensively,  and  it  is  a  verj-  good  piece  of  machin- 
ery, but  when  pressed  closely  l^y  a  prospective  buyer,  he 
had  to  admit  that  many  of  his  claims  were  based  on  his 
judgment  as  to  the  relative  values  of  his  and  competing 
appliances  made  for  the  same  purpose. 

The  prospective  buyer,  however,  wanted  proof,  and  so 
before  buying  anything,  obtained  consent  of  the  most 
prominent  competing  manufacturers  to  test  out  their 
machines  in  his  own  way.  All  of  the  manufacturers 
seemed  pleased  with  the  idea,  so  they  must  have  believed 
in  their  respective  products.  Some  of  them  offered  to 
pay  the  expenses  of  the  "'tester,"  but  the  prospect  pre- 
ferred to  do  the  whole  thing  "on  his  o^\ti  hook"  and  thus 
be  under  obligations  to  nobody. 

After  the  tests  the  manufacturer  whose  appliance  tested 
Ijest  was  given  the  order.  Xow  he  is  making  use  of  the 
results  of  the  tests  in  his  advertising.  ITe  has  something 
tangible  upon  which  to  base  his  claims  and  as  a  result  his 
business  is  increasing.  • 

It  does  not  seem  altogether  fair  that  tests  should  be 
"up  to  the  purchaser,'"  as  is  so  often  the  case.  The  manu- 
facturer should  know  what  his  product  can  do.  He  should 
make  comparative  tests  of  his  own  under  the  supervision 
of  unbiased  authorities,  so  that  there  can  be  no  question 
as  to  authenticity  of  results. 

Many  appliances  are  sold  daily  on  their  "merit,"  and 
yet  when  it  comes  down  to  facts  the  manufacturers  them- 
selves cannot  give  absolute  proof  of  the  merit  about  which 
they  so  glibly  write  and  speak.  Such  a  situation  is  in- 
defensible. 

'*; 

Reco^K&itioiA  for  t^e  lEim^iinieer 

The  operating  engineer's  work  is  not  spectacular,  l)ut 
occasionally  it  gets  a  measure  of  recognition  which  en- 
courages the  man  behind  the  throttle  to  use  his  head  and 
study  his  employer's  problems  with  some  liojje  that  init- 
tiative  will  be  appreciated.  An  unusual  instance  in  which 
many  hours  of  hard  work  resulted  in  deserved  advance- 
ment has  been  receiving  front-page  publicity  in  the 
Boston  press,  to  the  credit  of  the  modest  engineer  of 
the  Deer  Island  steam  plant  of  the  Penal  Institutions 
I  tepartment,  Lawrence  Ilackett.  It  seems  that  for  some 
years  past  the  public  authorities  at  Boston  have  been 
considering  the  desirability  of  shutting  down  the  five  ex- 
isting boiler  plants  on  the  island  and  building  a  central 
heating  and  power  .station.  The  project  got  so  far  as 
to  lead  to  the  employment  of  an  out«ide  engineering  ex- 
l)ert  to  investigate  and  report  upon  the  situation,  who 


recommended  dismantling  the  plants  now  in  service  and 
installing  an  entirely  new  centralized  outfit'  at  an  esti- 
mated cost  of  about  one  hundred  and  eighty-one  thousand 
dollars. 

At  times  it  is  better  to  make  the  best  possible  use 
of  means  at  hand,  adding  a  moderate  outlay  for  new 
equipment  judiciously  placed,  than  to  scrap  a  plant, 
tear  up  every  existing  unit  and  level  present  structures. 
The  engineer  "on  the  job"  saw  this  to  be  the  case  at 
Deer  Island.  He  quietly  set  to  work  on  his  own  account, 
obtained  private  bids  on  the  cost  of  three  new  eighty-four- 
in.  boilers  installed  in  one  of  the  existing  boiler  houses, 
estimated  the  saving  in  fuel  and  labor  by  normally  sup- 
plying all  but  one  remote  building  of  the  institution  from 
the  new  units,  holding  three  good  sixty-inch  boilers  in 
reserve  in  another  boiler  room,  with  ample  tie-line  con- 
nections between  the  old  and  new  batteries,  and  schemed 
out  the  elimination  of  two  old  boiler  plants,  with  a  total 
reduction  in  labor  of  seven  firemen  and  total  yearly  esti- 
mated savings  of  fifteen  thousand  dollars.  The  esti- 
mated cost  of  fixing  up  the  i)lants  according  to  the  new 
scheme  was  about  five  thou.sand  dollars. 

A  report  was  then  voluntarily  submitted  to  his  supe- 
riors, favorably  passed  upon  as  to  its  general  ])lan  by 
the  consulting  engineer  of  the  Boston  Finance  Commis- 
sion, Guy  C.  Emerson,  and  transmitted  to  the  mayor 
of  Boston.  The  chief  executive  of  the  city  was  so  much 
pleased  with  the  initiative  shown  by  the  author  of  the 
report  that  he  promoted  him  to  the  position  of  chief 
engineer,  with  a  salary  increase  of  fifty  dollars  per  month, 
and  the  City  Hall  reporters  "saw  a  story"  in  the  attair 
and  gave  it  enthusiastic  if  technicall}'  misguided  pub- 
licity. 

The  subject  of  all  this  front-page  copy  was  oblixious 
of  its  newspaper  interest  until  shown  a  copy  of  Boston's 
most  conservative  daily  by  a  representative  of  Poweb. 
and,  in  common  with  others  of  his  kind,  kept  right  on 
with  his  daily  duties  while  others  did  the  talking.  The 
daily  pre.ss  "played  up"  the  engineer's  part  with  too  little 
regard  for  the  concurring  professional  opinion  of  the 
Finance  Connnission,  but  this  fact  in  no  wise  detracts 
from  the  credit  which  the  chief  executive  of  the  city 
placed  upon  the  shoulders  of  the  new  chief  operating 
engineer,  who  made  no  attempt  to  criticise  the  views  of 
others  but  simply  presented  to  his  superiors  a  plain  and 
unvarnished  tale  of  how  the  city  could  save  an  invest- 
ment of  certainly  one  hundred  and  seventy-five  thous- 
and dollars  by  effecting  various  changes  in  the  plant 
situation  as  above  roughly  outlined. 

There  is  an  encouraging  lesson  from  all  this  for  the 
engineer  who  feels  .sometimes  that  the  isolated  character 
of  his  work  cuts  him  off  from  a  fair  chance  of  advance- 
ment, and  who  can  see  nothing  ahead  of  him  but  j'ears 
of  routine  grind.  It  is  true  that  advancement  does  not 
come  even  to  all  who  may  perhaps  be  qualified  to  fill 
larger  and   more   responsible   positions:   human   affairs 
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are  not  yet  conducted  with  cue  hundred  per  cent,  effi- 
ciency, and  probably  tliey  never  will  be.  But  never  was 
it  more  certain  that  the  man  who  can  see  an  opportunity 
to  make  himself  more  useful  and  who  acts  with  that  aim 
constantly  in  view  is  the  one  most  likely  to  succeed  in 
the  engineering  profession,  and  for  the  very  good  reason 
tliat  in  this  line  of  work  bluff  won't  go.  It  is  founded 
upon  great  natural  laws  which  are  as  permanent  as  any- 
thing known  to  the  mind  of  man,  and  the  engineer  must 
work  in  harmony  witli  those  laws  and  connect  himself 
in  parallel  with  the  stream  of  progress  if  he  is  going  to 
ojierate  in  economic  synchronism  with  his  fellow  seekers 
after  the  trutli.  That  is  precisely  wliat  has  been  going 
on  at  Deer  Island,  and  it  is  going  on  everywhere  else 
that  engineers  are  striving  to  "go  the  limit"  in  their 
services  to  their  employers  without  measuring  tlieir  de- 
votion to  duty  in  a  chemical  balance !  Giving  good  meas- 
ure, pressed  down  and  running  over,  is  what  counts  most, 
and  if  it  is  slow  in  bringing  external  reward,  it  none  the 
less  follows  that  the  sense  of  making  good  goes  far  to  en- 
courage the  ambitious  worker  to  keep  up  his  efforts. 


Aia  I^Eaoredl  Ca'aase  of  SinaoMe 

Large  sums  are  annually  expended  in  efforts  to  over- 
come the  smoke  nuisance,  and  many  ijigenious  devices  and 
systems  of  arches,  steam  jets,  etc.,  have  been  devised,  some 
of  which  have  been  fairly  successful.  But  all  entail  more 
or  less  first  cost  and  operating  expense,  and  the  best  of 
them  fail  fn  many  instances  where  smoking  occurs  only 
occasionally  from  some  supposedly  inexplicable  cause. 

This  "inexplicable  cause"  is  simply  foul  boiler  tubes. 
Though  dirty  tubes  have  long  been  recognized  as  seri- 
ously hindering  the  transfer  of  heat,  nevertheless,  con- 
sideration has  not  been  given  tlie  question  as  a  direct 
cause  of  smoke.  Excess  or  insufficient  air,  the  cooling 
of  the  volatile  constituents  before  thorough  ignition  of 
the  soot-laden  gases  takes  place,  failure  to  raise  the  tem- 
perature of  such  gases  to  that  required  for  combustion — 
all  have  been  charged  as  the  cause  of  smoke.  Unques- 
tionably these  are  caiises.  but  they  are  not  the  only  ones. 

When  fuel  is  burned  under  a  clean  boiler,  the  products 
of  combustion  and  the  volatile  gases,  whether  they  have 
been  completely  consumed  or  not,  pass  from  the  combus- 
tion chamber  to  the  boiler  tubes,  where  the  transfer  of 
heat  takes  place.  The  cleaner  the  boiler  tubes,  the  more 
lapid  and  complete  the  transfer  of  heat  will  be.  If  soot 
is  carried  in  suspension,  it  is  deposited  on  the  cleaner  sec- 
tions of  boiler  tubes,  because  of  the  temperature  differ- 
ence. As  the  soot  accumulates,  the  heat-absorbing  capac- 
ity of  the  boiler  is  gradually  reduced,  and  the  hot  gases 
are  not  so  deflected  from  their  natural  path  and  their 
passage  to  the  smoke  flue  is  not  diverted  to  the  tubes  to 
such  an  extent,  because  the  temperature  difference  is  not 
so  great  as  formerly  and  more  of  the  soot  is  carried  past 
the  tubes  to  the  chimney.  Precipitation  of  soot  on  the 
tubes  thus  becomes  gradually  less  rapid,  but  so  also  does 
the  transfer  of  heat  to  the  boiler  contents.  The  result 
is  that  the  visible  smoke  increases  at  about  the  same  rate 
as  the  efficiency  of  the  boiler  decreases. 

Cleaning  the  tiibes  restores  the  heat  transfer  and  at  the 
same  time  reduces  the  proportion  of  soot  which  would 
otherwise  be  carried  to  the  chimney  and  in  many  local- 
ities lead  to  trouble  with  the  municipal  authorities. 


It  is  true  tliat  cleaning  the  tubes  will  not  reduce  the 
loss  due  to  failure  to  consume  the  soot,  but  avoiding  trou- 
ble with  the  authorities  is  commendable,  and  it  is  gratify- 
ing to  any  management  to  be  able  to  a\oid  a  cloud  of 
black  smoke. 

The  clean  boiler  is  of  greater  importance,  however,  and 
a  smoking  chimney  due  to  unclean  heating  surfaces  is  a 
signal  to  turn  on  the  steam  hose  or  to  start  the  soot 
blowers. 


The  observations  of  E.  R.  Pearce  on  the  use  of  sup- 
erheated steam  in  Corliss  engines  (page  886),  although 
founded  on  Englisli  practice,  may  be  taken  as  fairly  rep- 
resentative. 

Not  many  years  ago,  wlien  the  advent  of  the  steam 
turbine  brought  superheated  steam  to  the  fore,  its  advo- 
cates and  opponents  waged  many  controversies  in  which 
extravagant  claims  were  made  on  the  one  side  and  dire 
predictions  on  the  other.  Subsequent  experience  has  jus- 
tified neither  of  these  extremes. 

Superlieat  has  stood  the  test,  but  the  theoretical  econ- 
omies of  very  high  temperature  have  given  way  to  com- 
mercial considerations — that  is,  above  a  certain  point,  the 
gain  due  to  high  superheat  has  often  been  offset  by  the 
additional  cost  of  fittings.  Consequently  general  practice 
now  seems  to  favor  moderate  superlieat;  from  100  to  12.5 
deg.  for  turbines  and  50  to  80  deg.  for  reciprocating  en- 
gines. There  are  exceptions,  of  course,  notably  in  special 
cases,  such  as  the  locomobile,  poppet-valve  engines  and 
the  Ferranti  turbine. 

While  superheat  is  now  the  rule  rather  than  the  excep- 
tion in  steam-turbine  plants,  its  use  in  reciprocating  en- 
gines is  still  far  from  general  in  this  country.  Although 
undoubtedly  more  effective  in  the  long-stroke,  slow-speed 
type  than  in  the  short-stroke,  high-speed  type,  there  are 
many  instances  of  the  latter  wliere  it  niiglit  be  adopted 
to  advantage.  However,  here  again  local  conditions,  com- 
mercial considerations,  and  sometimes  prejudice,  are  de- 
ciding factors. 

Many  comparative  tests  liave  been  made  on  engines 
running  with  and  without  superheat,  which  have  in- 
variably shown  a  lower  steam  consumption  with  the  for- 
mer. But  this  does  not  tell  the  whole  story,  for  it  does 
not  show  the  cost  of  producing  the  superheat.  This  is 
comparatively  easy  to  figure  and  the  net  saving  is  usually 
taken  as  about  one-half  the  decrease  in  steam  consump- 
tion. The  absence  of  sufficient  test  data  to  verify  this, 
however,  has  probably  made  many  plant  owners  hesitate 
in  deciding  on  superheat ;  for,  after  all,  the  average  plant 
owner  is  "from  Missouri." 

sS 

We  were  accused  the  ocher  day  of  printing  something 
that  was  "not  fair,  nor  correct,  nor  honest."  Our  reply 
was  that  we  never  printed  anything  unless  it  was  all 
three  of  those,  if  we  knew  it,  and  that  if  we  should  find 
we  had  unwittingly  done  so,  we  would  make  all  amends 
possible  immediately.  To  put  all  the  emphasis  we  can 
on  this  statement  we  are  hereby  making  it  a  public  dec- 
laration of  principle.  We  have  been  working  on  this 
policy  ever  since  the  first  issue  of  Power  appeared, 
and  we  wish  to  assure  our  readers  that  we  are  as  jealous 
of  our  reputation  for  rectitude  as  ever.  Wlien  we  fiiul  we 
have  made  mistakes  we  acknowledge  them. 
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Tlie  perpetual-motion  eraiik  proposes  to  ]5rotluee  energy 
Mhere  none  existed  before — making  sometliiug  out  of  noth- 
ing. Likewise  the  schemes  tliat  are  periodically  proposed 
to  convert  ashes  into  fuel  by  the '  addition  of  a  magic 
chemical  compound.  An  analysis  of  some  of  these  com- 
pounds would  probably  disclose  as  one  of  the  ingredients, 
the  left  hind  foot  of  a  rabbit  or  some  equally  potent 
"charm."  These  schemes  are  always  proposed  by  ignorant 
or  unscrupulous  men. 

So  much  has  been  said  about  so  called  accidental  inven- 
tions that  many  people  put  in  a  great  deal  of  their  time 
tinkering  with  mechanical  contrivances  hoping  to  make  a 
lucky  strike.  In  most  of  these  cases  a  knowledge  of  the 
rudiments  of  mechanics  would  save  the  afBicted  much 
time  and  money. 

C.     0.     SANDSTUOil. 

Kansas  Citv,  ]\Io. 


L,ive=St®aina  Asfta  Ejector 

We  tried  out  the  scheme  shown,  and  could  not  get  it 
to  work.  Will  some  one  who  is  successfully  blowing 
cinders  with  high-pressure  steam  tell  us  what  the  trouble 
is? 

We  have  a  bucket  elevator  to  carry  cinders  from  the 
Ijasement  of  the  Ijoiler  room  to  a  screw  conveyor,  deliver- 
ing the  cinders  to  the  rear  of  the  building,  and  as  we  could 
not  have  a  track  at  this  point,  we  have  to  drop  the  cinders 
on  a  platform  and  wheel  them  to  the  car. 

We  cut  a  hole  in  a  6-in.  pipe  and  liuilt  a  !i(ip]icr  1  ft. 


Ami    Ivji:<  toi;    Fait.ki)  'in   Wouk 

high  and   1  ft.  wide  almve  and  secured   it  t<t  tlic   pipe, 
terminating  at  the  bottom  witli  a  (ixfi-in.  opening. 

Entering  the  end  of  the  fi-in.  pipe  is  a  1-in.  .«t<!am  liiir 
with  a  bell  nozzle,  the  end  of  which  is  18  in.  from  the 
h()])per  opening.  The  G-in.  pipe  is  42  ft.  long  and  is  near- 
ly level.     The  elevator  was  started  and  the  live  steam 


turned  on,  but  the  cinders  would  not  blow  through  as 
the  condensation  of  steam  woidd  wet  the  tine  ash,  com- 
pletely plugging  the  6-in.  line,  and  the  steam  blew  out 
at  the  hopper.     Our  steam  pressure  is  150  lb. 

We  ha\e  also  tried  several  other  arrangements — closed 
the  air  opening  in  the  flange  through  which  the  steam 
pipe  enters  the  6-in.  pipe,  advanced  the  nozzle  gradually 
up  to  and  even  beyond  the  hopper  opening,  and  finally 
used  a  6x6x4-iu.  tee  at  the  junction  of  the  ejector  pipe, 
and  a  hopper  with  a  12-in.  piece  of  4-in.  pipe  between 
the  tee  and  the  1-in.  steam  pipe.  This  was  all  to  no  pur- 
pose; the  ejector  will  not  eject. 

Have  any  readers  used  steam  successfully  for  blowing 
ash  in  this  way? 

E.  H.  Claisk. 

Ilarrislmr-.  111. 

Eia^aime   SaIl®sim5iSiEa''s    Esspes'ieirac® 

The  Corliss  engine  liuildcrs  for  wlioni  I  worked  re- 
ceived a  letter  of  inquiry  from  what  was  evidently  a  very 
peculiar,  if  exacting,  prospective  purchaser ;  his  letter  read 
as  follows : 

Gentlemen:  I  am  in  the  market  for  an  uptodate  steam 
engine  of  t'wo  hundi-ed  horsepower  capacity.  It  must  be 
uptodate  and  more  economical  than  the  regular  Corliss 
engine  kind.  If  you  can  build  such  an  engine  send  your 
representative. 

Yours    in    haste. 


On  the  face  of  it,  the  inquiry  looked  so  good  that  I 
went  by  the  next  train  for  an  interview.  On  entering  the 
jirospective  customers  office,  I  was  surprised  to  find  that 
it  occupied  a  space  of  only  about  ten  by  sixteen  feet  and 
was  furni.shcd  with  a  table,  holding  the  upper  part  of  a 
rolltop  desk,  in  company  with  two  chairs,  a  letterpress 
and  a  peculiar  and  somewhat  shrewd  looking  man.  I 
include  him  in  the  furnishings  because  he  looked  cold 
enough  to  be  one  of  them. 

After  going  through  the  usual  formalities,  he  finally 
asked  me  to  be  seated  and  wanted  to  know  if  I  was  in  a 
])osition  to  talk  with  authority  on  his  proposed  installa- 
tion, carefully  explaining  that  if  such  were  not  the  case 
I  would  waste  my  time  and  his  also.  I  assured  him 
tliat  1  was  there  prepared  to  talk  business.  lie  yawned, 
closed  his  eyes  and  wanted  to  know  why  engine  l)uilders  in 
this  country  coulil  not  get  as  good  economy  with  com- 
pound and  triple-expansion  engines  as  they  obtained  in 
Europe  with  single-cylinder  units.  I  tried  to  tell  him  he 
was  misinformed,  but  he  slajiijcd  his  fist  down  on  the  desk 
;;iid  warned  uu-  not  to  argue  as  he  knew  wliat  he  was  talk- 
ing about. 

Me  said  he  was  tli.ssatislied  with  the  economy  they 
got  in  Europe  even :  he  wanted  something  better  and  iiad 
been  thinking  for  a  long  time  of  a  type  that  would  revolu- 
tionize steam-engine  practice.  Now  that  he  required  more 
])ower  in  his  stone  quarry,  he  wanted  a  builder  who  would 
incorjiorate  his  ideas  in  tlie  unit.  I  intimated  that  a  spe- 
cial design  (I  did  not  like  to  say  freak  design,  because  it 
might  hurt  his  feelings — and  he  was  bigger  than  I  am) 
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would  cost  much  more  than  one  of  regular  design.  He 
answered  that  he  did  not  care,  as  the  saving  in  fuel  would 
soon  pay  the  difference. 

He  explained  that  the  "thermos  bottle"  gave  him  the 
idea,  which  was  to  make  an  engine  having  jacket  space 
around  the  cylinder  barrel  and  heads  and  instead  of  us- 
ing steam  in  the  jackets,  to  have  them  connected  to  an 
air  pump,  so  as  to  produce  a  vacuum  and  therefore  elim- 
inate the  transfer  of  heat  between  the  barrel  and  the 
outside  and  reduce  condensation. 

I  left  him  with  the  understanding  that  I  considered  him 
a  genius  and  would  try  it  on  the  jacketed  cylinder  of  a 
pumping  engine,  whirh  I  knew  I  could  use  for  the  experi- 
ment. 

A  friend,  who  is  superintendent  of  a  pumping  station, 
gave  me  permission  to  use  the  Corliss  engine,  and  after  set- 
ting the  valves  properly,  we  took  some  indicator  diagrams 
with  the  engine  running  noncondensing  and  high-pres- 
sure steam  in  the  jackets  of  the  barrel  and  heads.  We 
then  connected  the  \acuum  pumps  to  the  jackets  and 
found  that  with  20-in.  vacuum  in  the  jackets  the  diagrams 
were  not  nearly  as  good  as  before,  and  the  engine  used 
much  more  steam  in  the  cylinder  when  vacuum  was  usetl 
than  with  the  steam  jackets. 

I  wrote  the  prospective  purchaser  fully  on  the  subjeit 
and  about  a  month  afterward  received  a  reply  stating  that 
he  had  just  purchased  a  second-hand  slide-valve  engine, 
which  I  found  afterward  had  been  in  service  about  twenty 


years. 

franklin,  Penn. 


Separ^ 


M.  E.  GltlFFIN. 


°siaEa  siS  Steamm 


mppl^''  t©  PtmBsmp 

In  a  small  plant  in  Oklahoma  the  trap  on  the  drain 
from  the  steam  .separator  for  the  16x36-iu.  Corliss  engine 
was  out  of  order.  I  suggested  connecting  the  separator 
drain  as  a  steam  supply  to  the  feed  pump  and  the  exhaust 
from  the  pump  to  the  open  feed-water  heater.  When 
this  was  done  we  were  no  longer  bothered  with  wet  steam 
in  the  engine. 

J.  Tall.v. 

Mesa.  Ariz. 

Tfiae  Fiff'esaaia  Is  a  GfiaeBnist 

A  good  place  for  a  young  man  to  begin  his  engineering 
experience  is  in  the  boiler  room  as  a  manufacturing 
chemist,  for  that  is  what  a  fireman  really  is.  He  uses  air 
composed  of  hydrogen,  oxygen  and  nitrogen,  and  coal 
composed  of  fixed  carbon  and  hydrocarbons,  the  latter  con- 
sisting of  olefiant  gas,  pitch,  tar,  naphtha,  etc.  He  separ- 
ates the  hydrocarbon  from  the  fixed  carbon  and  endeavors 
\vith  the  means  at  his  disposal  to  combine  one  atom  of 
carbon  with  two  of  oxygen,  and  two  atoms  of  hydrogen 
with  one  of  oxygen,  forming  respectively  CO,  and  H^O. 

In  handling  the  hydrocarbons,  he  must  be  careful  to 
supply  a  sufficient  number  of  atoms  of  oxygen,  otherwise 
the  carbon  will  form  a  fine  powder  called  smoke.  When 
this  takes  place  it  is  usually  too  late  to  supply  the  oxygen 
and  the  smoke  remains.  This  yisible  loss  in  itself  i  not 
so  much  unless  the  smoke  is  deposited  on  the  heating 
surfaces  of  the  boiler.  Then  the  loss  is  considerable,  as 
the  heat  insulating  value  of  soot  is  about  five  times  that 
of  fine  asbestos.     Another  reason  why  the  fireman  must 


be  careful  is  that  if  he  shoiUd  combine  one  atom  of  car- 
bon with  only  one  atom  of  oxygen,  the  heat  value,  or  result 
in  B.t.u.  per  pound  of  combustible,  will  be  4400  instead  of 
14,.500. 

But  perhaps  it  is  better  in  these  days  when  encroach- 
ments are  resented,  not  to  say  much  about  chemistry ;  the 
rhemists  may  proceed  to  brand  the  engineering  profession 
for  their  own  benefit,  and  a  fireman  will  then  have  to  be 
a  "D.Ph."  and  serve  some  mouths  behind  a  drug  counter. 

K.  McLaben. 

Toronto,  Out. 

'i. 

Tro^afole   ^witlh  aira  Aif  Oft 

In  the  Oct.  G  issue,  page  504,  ilr.  Lacy  describes  his 
difficulties  with  an  air  lift.  The  system  of  piping  em- 
ployed by  him  is  excellent  and  would  afford  good  effi- 
ciency where  care  is  e.xercised  in  the  selecting  of  pipe  di- 
ameters and  proportioning  the  submergence.  Unfortun- 
ately, both  of  these  important  points  are  often  overlooked 
liy  engineers.  Instances  of  the  difficulties  referred  to 
have  been  brought  to  the  writer's  at- 
tention a  number  of  times.  Of 
course,  it  will  be  impossible  to  pre- 
vent the  forming  of  a  precipitate, 
for  this  is  caused  by  the  oxidation 
of  impurities  in  the  water,  but  the 
recurrence  of  sudden  and  expensive 
shut-downs  may  be  ])revented  by  in- 
stalling the  air  line  as  shown  in 
Fig.  1. 

As  indicated,  a  section  of  blank 
pipe  is  extended  below  the  perfora- 
tions in  the  air  line  and  the  lower 
end  is  left  unplugged.  Thus  any 
scale  or  dirt  may  escape  downward 
and  no  air  will  reach  the  end ;  in- 
stead, it  will  follow  the  path  of  least 
resistance,  which  is  through  the 
holes.  Should  a  coat  of  scale  form 
on  the  inner  surface  of  the  air  line 
and  gradually  restrict  and  finally 
clog  the  perforations,  the  air  will 
travel  down  to  the  pipe  end  and  the 
well  will  continue  to  operate.  This 
couditiou  may  be  immediately  de- 
tected on  the  air  gage  and  the  air 
line  may  be  withdrawn  at  a  time 
convenient  to  the  operator. 

An  analysis  of  the  well  character- 
istics and  the  rather  indefinite  oper- 
ating conditions  stated  by  Mr.  Lacy, 
would  lead  one  to  believe  that  the 
best  efficiency  is  not  being  obtained. 
For  instance,  it  is  said  that  the  wa- 
ter comes  witliin  30  ft.  of  the  top  of  the  well  and  that  theri- 
was  13()  ft.  of  1-in.  air  line.  It  is  not  stated,  however, 
whether  the  30  ft.  is  the  static  or  pumping  head.  If  it  is 
the  pumping  head,  then  as  the  air-pipe  perforations  were 
at  an  average  depth  of  about  134  ft.,  the  depth  of  sub- 
mergence is  104  ft.  (134 — 30  ft.),  and  neglecting  the 
slight  pressure  reduction  due  to  established  column  mo- 
mentum and  the  pressure  increase  due  to  column  friction 
losses,  the  operating  pressure  should  be  about  106  X  0.434 
=  46  lb.  The  actual  operating  pressure  is  given  as  60  lb. 


Fig.  1.  Peefor- 

ATED  Air  Pipe 

WITH  Open 
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This  means  that  between  the  air  gage  and  the  lower  end 
of  the  air  line  there  is  a  pressure  loss  of  15  lb.,  which 
would  seem  excessive. 

The  percentage  of  submergence  was  approximately  t? 
(104  -f-  134),  which  is  about  right,  but  to  this  36  ft.  was 
added,  increasing  the  jiercentage  of  submergence  to  about 
82  (140  H-  ITO),  which  is  too  high.  In  this  connection 
it  is  interesting  to  note  the  curves  reproduced  in  Fig.  2. 
These  curves  were  plotted  from  results  obtained  bv  the 
writer  in  a  number  of  tests  of  the  perforated  air-line  sys- 
tem of  pumping.  The  upper  is  the  submergence  cur\e 
and  is  drawn  through  the  points  that  were  found  by 
experiment  to  be  the  most  advantageous ;  the  lower  is  the 
efficiency  curve  and  is  drawn  through  points  that  r'?pre- 


■i- 

c 

3 

^60 

\ 

1 

r- 

■\ 

\ 

\ 

"^ 

|40 

S 

\ 

■" 

-~ 

-^ 

mi 

£KC 

UK 

■^ 



— 

— 

— 

1 
^10 

td. 

m. 

K^ 

-- 

— 

Pi^iH 

C 

1 

IC 

0 

a 

50 

i 

30 

0 

)0 

*> 

UO 

0 

F[G.  2. 


20  o 

it 


Efficiencies  for  Different  Percentages  of 
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sent  the  efficiency  obtained  under  various  pumping  heads 
when  employing  the  submergence  indicated  by  the  upper 
curve. 

These  curves  must  not  be  understood  to  be  absolutely 
correct  for  all  cases,  as  local  conditions  in  any  installation 
may  demand  a  deviation,  l)ut  they  will  be  a  good  guide 
and  one  cannot  be  far  wrong  by  following  them  closely 
wherever  possible. 

E.  M.  Ivens. 

New  Orleans,  La. 

A  22x42-in.  Corliss  engine  broke  the  capscrews  that 
hold  the  cylinder  on  the  pedestal  at  the  crank  end  out- 
side, and  left  about  II/2  'H-  of  stubs  in  the  holes. 

The  problem  was  to  get  them  out  in  the  shortest  pos- 
sible time.     A  ratchet  drill  would  not  go  into  the  space 


"Fulcrum  Poom, 

Drill  in  a  Close  Place 

lietweeu  the  feet  and  allow  the  handle  to  work  between 
the  ca.sting  and  the  floor.  As  we  had  a  ratchet  wrench, 
we  had  two  drills  forged  with  square  shanks  to  fit  it. 
One  drill  was  l/^  in.  and  the  other  W  in.  (the  bolts  were 
114  ill.).    We  used  the  i/o-in.  first,  then  the  SH"-»  which 


was  ground  to  turn  to  the  left.  The  object  was  to  have  the 
drill  tend  to  loosen  the  stubs  instead  of  tightening  them. 

After  we  Ixad  drilled  about  an  inch  with  the  f^-in.  drill 
the  stub  backed  out,  leaving  a  nice,  clean  thread.  We  used 
a  long  bar  and  fulcrum  for  the  drill  feed.  The  illustra- 
tion shows  the  means  eni])loyed. 

C.  L.  Jt'no. 

^lilwaukee.  Wis. 

A.as°  i^  tStiC  Stuictia@ia  Fape 

I  have  read  with  interest  the  article  by  (ieorLic  H.  Gib- 
son on  the  hundred-million-gallon  centrifugal  pump  for 
Pittsburgh,  in  the  Nov.  3  i.ssue.  Mr.  Gibson  stated  that 
"due  to  the  .small  size  of  the  intake  and  to  low  water,  a 
certain  amount  of  air  entered  the  suction  pipe,  probably 
reducing  the   capacity   and   also   the   duty.*' 

A  pump  in  a  ]ilant  where  I  was  employed  was  driven 
by  a  cross-compound  engine.  It  had  been  in  service 
about  two  niontlis  when  the  testing  engineer  for  the  build- 
ers arrived  and  prepared  the  engine  and  pump  for  a  test. 
He  made  preliminary  trials  a  few  days  before  the  official 
test  and  knew  what  duty  and  capacity  to  expect.  The 
test  was  started  on  the  date  set  and  ran  for  two  hours, 
when  the  testing  engineer  called  it  off,  as  the  pump  was 
not  making  its  duty  and  capacity  on  account  of  air  in 
the  suction  pipe. 

The  air  leak  was  around  the  edge  of  the  seat  of  a 
valve  that  had  liccn  connected  on  the  open  end  of  a  Y 
in.^erted  (for  future  extension)  into  the  suction  pipe  dur- 
ing the  interval  between  the  preliminary  and  the  official 
test.  The  record  of  the  test  while  the  pump  was  getting 
air  showed  a  decrease  in  duty  of  0.125  per  cent.,  and  in 
capacity  of  0.094  per  cent. 

Lawrence    Kjerflff. 

Kansas  Citv,  Mo. 
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\Viiilc  few  engineers  use  Wdodcii  jiacking  for  tlie  water 
■lid  of  vacuum  pumps,  it  is  one  of  the  best  of  packings 
if  properly  put  in,  as  the  pumps  will  run  with  but  little 
friction.  It  should  bo  made  to  fit  perfectly  between 
)lates  1  and  2.  Fig.  2.  In  Fig.  1  it  will  be  noticed  that 
I  , , .  2 


FIG.E. 

iTii   WnnnEN    Packing 

a  spring  is  used  for  tension  on  tlie  l)locks  to  set  them  out 
against  the  cylinder  walls.  This  spring  is  best  made  of 
bra.ss  ribiion  about  No.  20  gage  in  thickness,  as  it  will 
not  riist  out  like  a  steel  spring.  The  wood  .*ihould  be 
hard  and  clo.se  grained,  and  therefore  will  not  split  read- 
ily. A  set  of  these  rings  will  last  several  years  if  ))roperly 
made. 

C.  P.  McGmify. 
Pialtimoro,  Md. 
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lu  a  vertical  compoimd  engine  running  at  high  speed 
:i  severe  knock  developed.  After  the  engine  had  received 
;.tteution  at  almost  all  other  points  the  high-pressure  cyl- 
inder head  was  removed.  The  piston  was  of  the  built-up 
type,  the  follower  plate  being  held  in  place  by  six  V^-in. 
>-tu(ls  riveted  over  to  prevent  the  nut.s  working  off.  In 
this  case,  however,  one  of  tiie  studs  had  worked  out  with 
the  nut,  and  instead  of  knocking  the  cylinder  head  out 


PisTox  WITH  New  Studs 

the  nut  had  been  crushed,  the  piston  rod  bent  and  the  pis- 
ton loosened,  giving  it  about  ^'V  in.  lost  motion. 

A  ne«'  rod  was  ordered,  and  to  prevent  another  acci- 
dent all  the  studs  were  removed  and  the  i/^-in.  holes 
reamed  and  tapped  for  %-in.  studs;  these  were  reduced 
at  the  surface  of  the  piston  body  to  fit  the  i/2-iii-  holes  in 
the  follower  plate,  which  was  put  on  as  before  and  ^-in. 
nuts  used. 

Xow  there  is  no  way  for  the  studs  to  come  out  except 
lor  all  six  to  work  out  at  once,  which  is  not  probable. 

Edward  T.  Binns. 

Philadelphia.  Penn. 

Usisa^  a    Discardledl  Feedl    P^iainffip 

On  taking  charge  of  this  electric  plant,  I  found  an  old 
duplex  boiler-feed  pump  that  had  been  discarded.  After 
cleaning  the  scale  and  lime  out  of  it,  I  believed  that  it 
could  be  made  fairly  good  at  little  expense. 

As  we  had  but  one  pump  for  feeding  the  boilers  and 
an  injector  as  a  reserve  feeder,  I  set  up  the  old  pump  and 
had  it  on  its  foundation  Ijy  the  time  the  superintendent 
had  the  new  parts.  It  has  two  intake  and  two  discharge 
openings,  so  I  connected  one  pair  to  feed  the  hot  water 
to  the  boiler ;  the  other  intake  I  connected  to  the  city  water 
and  also  into  the  flj-wheel  pit,  with  shut-off  valves  on 
each.  Wlien  it  rains  heavily,  the  water  rtms  into 
the  wheel  pit,  but  we  can  now  pump  it  out  with  the 
steam  pump  instead  of  tlie  old  pitcher  pump.  The  other 
outlet  has  a  1-in.  hose  connected  for  washing  boilers. 

R.  F.  Petersox. 

Knoxville,  Iowa. 


Why  do  pump  makers  send  out  unfinished  pumjjs? 
Tlie  writer  has  five  pumps  made  by  one  of  the  best-known 
American  builders  and  each  had  to  be  partly  rebuilt, 
tlie  pins  and  other  parts  of  the  valve  motion  case-hard- 
ened and  fitted  with  grease  cups.     In  a  pump  situated 


where  there  is  danger  of  coal  or  other  dust,  if  fitted 
with  grease  cups  the  motion  work  will  run  for  a  long 
time,  as  the  grease  prevents  dust  from  getting  into  the 
joints,  the  tendency  being  to  work  out  at  the  ends  of  the 
bearings  and  seal  them.  Again,  the  stuffing-boxes  are, 
as  a  rule,  shallow  and  have  flat  bottoms:  also,  the  gland 
faces  are  finished  off  square  instead  of  being  given  an  an- 
gle of  about  forty-five  degrees,  which  heljjs  to  keep  the 
packing  up  to  the  rod  without  undue  pressure. 

The  valve  disks,  when  of  metal,  are  almost  always  too 
light  and  soon  buckle  up  and  leak.  After  new  valves 
have  been  fitted  and  steel  studs  put  in  to  hold  the  cover 
on  the  water  end,  these  pumps  do  well.  The  rods  and 
studs  are  made  in  large  lots  on  automatic  tools  from 
soft,  cold-rolled  stock,  which  has  very  little  life  in  it, 
whereas  for  a  few  cents  more,  good  material  might  be 
used. 

E.  E.  Peabce. 

Roclulale,  Ensjland. 


Engineers  in  charge  of  alternating-current  apparatus 
furnishing  current  to  systems  characterized  by  a  low  power 
factor,  as  sliown  by  a  considerable  difference  between  the 
"kv.-a."  and  the  "kw."  readings,  should  have  the  safe 
maximum  limit  in  amperes  marked  in  red  upon  aU  am- 
meters. This  will  tend  to  obviate  the  practice  of  opera- 
tors depending  upon  the  wattmeter  readings  for  the  capa- 
city of  the  apparatus,  which  is  attended  with  danger  on 
account  of  the  licating  cfi'ect  of  the  wattless  current. 

JOHX    F.    HUKST. 

Louisville.  Kv. 


Ea  ®f  Sosiae  PlsiEiifts  aim 
He^yy  YoipIrS.  Caft^ 

On  taking  charge  of  a  small  steam  plant  in  Xew  York 
City,  I  found  its  general  condition  bad,  due  to  bad  man- 
agement by  poorly  paid  helji. 

The  first  things  I  noticed  were  poor  boiler  draft 
leaky  tubes  and  wasted  return  water.  After  repairing  the 
brickwork  and  leaky  tubes,  and  when  all  the  returns  were 
connected  up,  one  boiler  did  the  work  of  two.  By  the  use 
of  Xo.  1  buckwheat  instead  of  pea  coal,  a  reduction  of  22 
per  cent,  in  fuel  cost  was  made.  The  refrigerating  plant 
was  also  in  bad  shape,  a  6-ton  water  cooler  giving  only 
about  200  lb.  of  water  at  40  deg.  F.  before  the  temper- 
ature went  up  6  or  8  deg.  Repairs  to  crankpin  boxes 
stopped  the  pounding,  all  expansion  valv^  were  set  to 
the  pipe  coil  capacity  and  freezing  back  was  reduced. 

The  cooler  was  next  looked  over.  The  inlet  was  at  the 
top  of  the  head  and  the  outlet  at  the  middle.  Conse- 
quently, when  cold  water  was  drawn  it  was  followed  by 
the  warmer  water  from  the  upper  part  of  the  tank;  that 
i.s,  the  tank  was  upside  down.  It  was  turned  over  and 
the  otitlet  connected  at  the  bottom,  the  result  being  that 
it  cooled  2500  lb.  of  water  from  70  deg.  to  40  deg.  F.  per 
hour. 

The  management  claimed  it  could  not  get  good  oper- 
ating engineers,  but  after  a  trial  of  a  month,  I  was  then 
paid  30  per  cent,  more  than  the  former  engineer. 

C.  W.  Roos. 

Xew  York  City. 
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C'alurilii-    Valu 

value  of  a   fuel' 


i.f    Fuel— What 


It  is   the  amount  of  heat  or  number  of  B.t.u.   liberated   pe}- 
pound    of    the    fuel    when    undergoing:   perfect   combustion. 


Pumping  Hot  Water — When  a  pump  is  to  handle  hot  water, 
why  should  the  supply  be  above  the  level  of  the  pump? 

H.    G. 

So  that  the  water  may  run  into  a  water  cylinder  by  Bravity, 
for  if  the  supply  is  placed  below  the  pump,  the  suction  stroke 
will  reduce  the  pressure  on  the  supply  and  cause  the  water 
to  evaporate.  The  vapor  thus  given  off  flows  into  the  pump 
cylinder,    preventing    the    water   from   filling   the    cylinder. 


LoHS  from  Ineuniplete  Combustion — What  is  the  difference 
in  the  amount  of  heat  realized  by  burning  carbon  to  CO  and 
to    CO:? 

H.    1>.    K. 

When  carbon  unites  with  oxygen  to  form  CO  there  are 
only  4400  B.t.u.  given  off  for  each  pound  of  carbon  burned, 
but  when  the  carbon  is  burned  completely  to  CO2  there  will 
be    given    off   14,500   B.t.u.    for   every    pound    of   carbon    burned. 


Grades  of  Steam  Pipe — What  are  the  commercial  designa- 
tions of  different  kinds  of  steam  pipe  with  respect  to  pressures 
for  which  they  are  suitable? 

G.    C. 

There  are  three  regular  thicknesses  or  weights,  viz.: 
Standard,  which  is  suitable  for  pressures  up  to  125  lb.  per 
sq.in.;  extra  strong,  which  is  suitable  for  pressures  up  to 
250  lb.  per  sq.in.,  and  double  extra  strong,  which  is  suitable 
for    pressures    up    to    SnO    lb.    per    sq.in. 


Orate  Surface  for  Return-Tubular  Boiler — What  propor- 
tion of  grate  surface  should  be  provided  for  a  hand-fired 
return-tubular    boiler? 

R.  M. 

For  developing  a  fair  capacity  of  the  boiler  with  ordinary 
chimney  draught — i.e.,  not  exceeding  about  0.3  in.  of  water 
column  at  the  damper  and  burning  anthracite  coal  or  poor 
varieties  of  bituminous  coals,  and  with  ordinary  settings — 
for  a  hand-fired  grate,  not  less  than  1  sq.ft.  of  grate  surface 
should  be   furnished   for   30   sq.ft.    of  boiler-heating  surface. 

Merourinl     ThermometerM     for     Flue-Ga8     Temperatures — 

Why    cannot    ordinary    mercurial    thermometers    be    used    for 
obtaining   flue-gas   temperatures? 

J.  R. 
Mercury  bolls  at  about  676  deg.  F.  and  atmospheric  pres- 
sure, and  the  ordinary  types  of  mercurial  thermometers  are 
unsuitable  for  measuring  temperatures  above  500  deg.  F. 
For  higher  temperatures  up  to  about  800  deg.  F.,  mercurial 
thermometers  are  made  with  the  space  above  the  mercury 
filled  with  nitrogen  gas,  and  as  the  mercury  expands,  the  gas 
is  compressed,  thereby  Increasing  the  pressure  and  raising 
the   boiling  point. 


iiun  <;raln  .''Ide  of  Leather  licit  on  Pulley — Which  is  the 
right  way  to  put  a  leather  belt  on  the  pulley?  Should  the 
smooth  or  rough  side  go  next  to  the  face  of  the  pulley,  and 
why? 

r.    L. 

The  "hair"  or  smooth  side  should  go  next  to  Ihe  |)ulloy 
as  It  is  harder  and  will  better  withstand  the  wear  from  slip- 
page and  attrition,  besides  which  the  flesh  side  of  most  leather 
belts  Is  stronger  at  the  surface  of  the  leathi'r  and  placed  on 
the  outside  will  not  part  or  crack  30  readily.  If  the  smooth 
or  grain  side  becomes  actually  worn  off  it  will  usually  he 
bineficlal  in  removing  the  tendency  to  formation  of  surface 
I  racks  which,  once  formed,  will  rapidly  extend  themselves 
into  the  body  of  the  belt. 


Cnpnelty  of  Hjdrnnllc  Klevator — If  a  high-pressure  hy- 
draulic elevator  is  operated  with  750  lb.  iier  sq.in.  pressure 
acting  on  an  S-in,  diameter  plunger  which  Is  geared  6  to  1. 
would    the   actual    lifting   capacity   be  as  great   as   3500  lb.? 

W.   T.   O. 

The   croBs-sectlonal   area   of  the  plunger  being 


S  X  S  X  0.7S54  =   50.265  sq.in. 
and    the   total    pressure    acting    on    the    plunger   being 

50.265   X    750    =    37,698.75   lb. 
then,  as  the  elevator  is  geared  6  to   1,   neglecting  friction,   the 
lifting      power      of      the      elevator      would      be      one-sixth      of 
37,698.75,  or   6283.12   lb.     An  actual   lifting  capacity  of  3500  lb. 


6283.12 

per  cent.  With  good  design,  workmanship  and  materials,  and 
proper  adjustment  and  operation,  the  efficiency  stated  should 
be  attained  and  the  actual  lifting  capacity  should  be  at  least 
3500  lb. 


Value   of    Constant   in    Formula    for   Flow   of    Steam — What 
would   be   the   value  of  K  in   the  formula 

W  =  1 .9  AK  1/  (p  -  d)  d 

sometimes  used  for  finding  the  weight  of  steam  flowing  from 
a  higher  to  a  lower  pressure  where  the  lower  pressure  is 
greater   than   58   per  cent,   of  the   higher? 

D.  P. 
Where 

W  —  The  weight  of  steani   discharged  in   pounds  per  min- 
ute: 
A  =  Area   of   orifice   in    square    inches: 
P  =  The    absolute   initial    pressure    in    pounds    per    square 

inch,  and 
d    =  The    difference   in    pressure    on    opposite    sides    of   the 
orifice,    in    pounds    per    square    inch, 
then  K  may  be  taken  as  a  constant  equaling  0.93  for  discharge 
through  a  short  pipe,  and   0.63  for  discharge  through  a  hole  in 
a    thin   plate. 


Pounding  of  EuBrine  when  Run  I'ondensins — What  may  be 
the  reason  that  our  22x36-in.  Corliss  engine  cannot  be  run 
condensing  unless  the  valves  are  set  with  more  compression 
of  the  exhaust  than  Is  required  for  running  the  engine  non- 
condensing  without  pounding? 

H.    M.   J. 

With  the  same  valve  setting  the  cushioning  effect  of  com- 
pressing the  exhaust  w-ill  be  less  when  running  condensing, 
and  in  addition  there  will  be  a  greater  tendency  for  produc- 
tion of  a  pounding  noise  from  the  sudden  admission  of  steam 
of  the  same  initial  pressure  into  the  clearance  spaces  of  the 
cylinder  when  filled  with  exhaust  steam,  compressed  to  a  lower 
pressure  than  when  running  noncondensing.  When  there  is 
sufficiently  high  compression  of  the  exhaust  to  take  up  the 
hack  lash  of  the  working  parts  by  cushioning,  then  pounding 
of  this  kind  will  usually  be  remedied  by  a  more  gradual  ad- 
mission of  the  initial  steam,  but  where  this  is  impractical  or 
undesirable,  the  remedy  is  to  increase  the  compression  of 
the  exhaust. 


Fusible  Pines  for  Heturn-Tnbular  noilers — How  should 
fusible  plugs  be  made  and  where  should  they  be  located  in 
horizontal    return-tubular    boilers? 

K.    C.    S. 

In  most  localillcs  where  boilers  come  under  governmental 
regulations  the  material,  form  ,and  location  of  fusible  plugs 
arc  subjects  of  special  requirements.  For  ,a  horizontal  return- 
tuhular  boiler,  one  or  more  fusible  plugs  should  be  located 
in  the  rear  head  not  less  than  2  in.  above  the  highest  part  of 
any  tube,  measuring  to  the  center  of  the  fusible  plug.  The 
shell  for  a  fusible  plug  should  be  made  of  phosphor  bronze 
or  a  high  grade  of  brass  which  will  not  be  affected  by  the 
furnace  gases,  the  shell  having  an  external  diameter  of  not 
less  than  %-ln.  pipe  tap  and  of  sufllclent  length  to  project 
at  least  1  In.  inside  of  the  boiler  and  provided  with  a  close 
hexagon  head  tor  setting  the  plug  with  a  wrench  from  the 
outside.  The  fusible  metal  should  be  pure  banc.i  tin,  the 
ineltlng  point  of  which  la  about  445  deg.  F..  and  It  should 
extend  the  full  length  of  the  bronze  shell  with  a  diameter  of 
at  least  V4  in.  at  the  Inner  end  of  the  shell,  and  bo  gradually 
enlarged   at    the   center   or   at    the   outer   end    of   the    plug. 


ICorrespondents  sending  US  Inquiries  should  Blgn  thel- 
lommunUatlons  with  full  names  and  post  office  aadressr  . 
This  Is  necessary  to  guarantee  the  good  faith  of  the  comm'iil- 
rjitinna  and   for  the   Inquiries  to  receive  attention. — RDITnn.l 
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Details  of  Direct  Heating, 

DUITS 


Pipe  Mains  and  Con- 


Tlie  primi]ial  detail.-;  relating  to  direct  heating  are  the 
methods  of  computing  the  radiating  surface,  types  of  coil 


Fig.  1. 


Good  Location  fou  Coils  in 
Shop  Heating 


iind   radiators,  systems  of  piping,  location   of   radiation 
and  connections,  and  air  venting. 

Computing  Radiating  Surface 

This  is  most  rorrectly  done  by  dividing  the  total  heat 
loss  per  hour  from  the  room  or  building  by  transmission 
and  leakage,  as  determined  by  the  methods  given  in  article 
lY,  by  the  heat  given  off  per  hour  in  B.t.u.  per  square  foot 
of  radiating  surface.  It  is  common  to  use  250  for  cast- 
iron  radiators  and  200  for  pipe  coils,  supplied  with  low- 
]iressure  steam. 

A\'hon  wrought-iron  pipe  coils  are  used,  square  feet  of 
radiation  must  be  reduced  to  linear  feet  of  pipe,  which 
may  be  done  by  use  of  the  following  factors: 


Size  of  Pipe,  In. 

Multiply  by 

1 

3.0 

1% 

2.3 

1% 

2.0 

For  example,  a  coil  having  100  sq.ft.  of  radiating  surface 
must  contain  100  X  2.3  =  230  lin.ft.  of  IVi-iu.  pipe, 
or  100  X  2  =  200  ft.  of  IVo-in.  pipe,  and  so  on. 

Types  of  Direct  Radiating  Surface 

In  the  case  of  industrial  plants  the  sectional  cast-iron 
radiator  is  only  used  in  offices,  simply  rooms  and  other 
locations  where  a  comparatively  small  amount  of  radia- 
tion is  required,  or  where  it  is  desired  to  keep  the  larger 
part  of  the  wall  surface  free  and  concentrate  the  heat  in 
one  or  more  places. 

Coils  of  1%-  or  fi^-in.  pipe  are  commonly  used  in  this 
class  of  work,  being  less  expensive  to  install  and  distribut- 


ing the  heat  more  evenly  in  large  spaces.  They  are  most 
effective  when  carried  along  the  outer  walls  beneath  the 
windows,  as  the  heat  is  delivered  near  the  floor  with  this 
arrangement.  A  specially  good  plan  for  a  shop  is  shown 
in  Fig.  1.  Here  the  c^ils  are  placed  on  the  walls  back 
of  the  benches,  with  a  slueld  in  front  to  prevent  the  heat 
from  coming  out  beneath  the  bench  and  rising  into  the 
workman's  face.  A  space  is  left  next  to  the  wall  and 
the  air  circulates  over  the  coil  as  indicated  by  the  arrows. 

By  opening  the  windows  slightly  (as  shown)  good 
ventilation  may  be  secured  without  uncomfortable  drafts, 
as  the  sheet  of  hot  air  rising  from  the  coil  mixes  with  the 
entering  air  and  carries  it  upward,  thus  preventing  it 
from  striking  directly  upon  those  in  front.  Coils  of  this 
kind  are  made  up  with  cast-iron  headers,  and  provision 
must  be  made  for  expansion,  either  by  carrying  them 
around  a  corner  or  turning  the  end  up  and  extending 
it  vertically  a  short  distance. 

When  a  single  coil  will  not  give  the  required  amount 
of  heating  surface  in  the  available  space,  a  double  coil 
may  be  used,  one  being  placed  in  front  of  the  other. 

Overhead  coils  are  employed  when  it  is  desired  to  keep 
the  walls  entirely  free,  as  in  storerooms,  etc.  Heating 
surface  is  not  as  effective  when  placed  in  this  location,  as 
the  heat  rises  while  the  stratum  of  air  near  the  floor  re- 
mains cold.  This,  however,  is  not  usually  a  matter  of 
great  importance  iu  the  buildings  or  rooms  where  this 
type  of  coil  i.s  used.    When  employed  in  occupied  rooms. 
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Fig. 


Piping   for  Heating  and  Ventilation- 
First-Floor  Plan.  Office  Wing 


where  it  is  necessary  to  warm  the  lower  part  as  well  as 
Ihe  upper,  it  will  be  necessary  to  increase  the  computed 
surface  aljout  50  per  cent. 

Systems  of  Piping 

When  a  vacuum  system  of  heating  is  used  ii;  is  neces- 
sary to  provide  two  connections  for  coils  and  radiators, 
but  when  run  on  a  gravity  return  the  cast-iron  radiators 
may  have  a  single  connection.  When  a  suction  is  at- 
tached to  the  main  return,  the  discharge  outlet  from 
each  coil  and  radiator  must  be  provided  with  a  thermo- 
static or  motor  valve  which  opens  only  to  allow  the  dis- 
charge of  air  and  water,  but  closes  in  the  presence  of 
steam.    Valves  of  this  kind  should  also  be  placed  on  each 
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drip  pipe  discharging  into  the  main  return.  When  a 
vacnmn  system  is  employed,  all  direct  radiators  in  oc- 
cupied rooms  should  be  provided  with  a  graduated  valve 
so  that  the  amount  of  steam  admitted  may  be  varied  to  a 
certain  extent  and  thus  make  it  possible  to  regulate  the 
temperature  of  the  room.     In  large  rooms  the  coils  are 


Fig.  3.     Secoxd-Flook  Plax 

sometimes  arranged  in  groups,  each  one  of  wliich  is  pro- 
vided with  a  graduated  valve  and  under  the  charge  of  a 
person  assigned  to  its  use,  and  whose  duty  it  is  to  see 
that  a  proper  temperature  is  maintained  witliin  the  liiiUd- 


witli  an  overhead  supj)ly  is  shown  in  Figs.  2  and  3,  whicli 
represent  the  first  and  second  floors,  respectively,  of  the 
office  wing  of  our  model  plant.  The  sizes  of  radiators 
and  coils  in  the  different  rooms  were  computed  as  pre- 
A'iously  indicated,  the  heat  loss  for  the  different  depart- 
ments being  taken  from  Article  IV.  Cast-iron  radiators 
have  been  used  in  the  offices  and  some  of  the  smaller 
rooms,  while  wall  coils  have  been  employed  in  the  pattern 
shop,  drafting  room,  etc.  The  .steam  supply  is  first  car- 
ried to  the  top  of  the  building  through  a  single  riser  at 
one  end,  where  it  branches  and  connects  with  the  differ- 
ent supply  drops.  Each  radiator  and  coil,  and  the  bottom 
of  each  supply  drop,  are  connected  with  the  main  return 
fhrough  a  thermostatic  or  motor  valve. 

The  return  is  carried  beneath  the  floor  of  the  first 
story,  liut  all  thermostatic  valves  in  pipes  connecting  with 
it  should  be  above  the  floor  so  as  to  be  acc^essible  for  in- 
spection and  cleaning. 

The  ventilating  fan  and  licater  for  this  section  arc 
]ilaced  on  the  floor  in  the  toolroom  and  supply  air  at  a 
lemperature  of  68  or  10  deg.  to  the  different  rooms 
through  distributing  ducts  carried  at  the  ceilings  of  the 
two  stories.  All  heating  is  done  by  the  direct  radiation, 
the  warm  air  being  for  ventilating  purposes  only. 

This  arrangement  is  employed  for  this  section  of  the 
/?/?  Track 
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With  a  two-])ipe  vacuum  system  it  matter-  \c 
whether  the  radiation  is  placed  on  an  "ii|i  supply"  nr 
"down  supply"  so  long  as  the  genera!  principle  of  sii]i]ily 
and  return  is  carried  out.  As  many  shops  iiave  no  base- 
ment  it  is   u.suallv   more   convenient   to   run    the   sujiijly 


building  becau!<e  a  liiglier  temperature  is  carricil  in  most 
<if  tlie  rooms  than  in  the  main  sliop.  ami  a  more  accurate 
temperature  regulation  is  recpiired  in  the  offices  and 
drafting  rooms  where  the  occupants  are  less  actively 
cmploved.      Under  the.se  conditions  the  system   is  more 


pipes  overhead  and  carry  the  returns  in  covered  trenches     ca.^^.ily  handle.l  for  a  numlier  of  rooms  by  separating  tlic 
beneath  the  floor.  heating  and  ventilation  as  in  the  present  case. 

A  practi.al  illustration  of  a  sv.^tom  of  direct  radialion  Details  of  the  heating  in  tbe  ,  ;,r,wMiter  and  paint  slioj)-. 
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.-torohoust's,  etc.,  arc  not  Avorkeil  out.  It  i.s  assumed 
Ihat  these  will  be  equipped  with  coils  proportioned  on  a 
basis  of  ;iOO  B.t.u.  per  sq.ft.  of  surface  per  hour,  and 
located  either  on  the  walls  or  overhead  as  found  most  de- 
sirable. 

Pii'i;  Maix.s 

A  general  layout  of  the  pipe  mains  supplying  the  dif- 
ferent  buihliuus  and   departments   is   shown    in    Fig.   4. 


TABLE    1— PIPE    SIZES    FOR    VACUUM    HEATING 
Pounds  of  Steam 

per  Hour  Steam  Pipe,  In.  Return  Pipe,  In. 
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Fic.   5.     Sectiox  through   Pipe  Tux. n el 


TUXXEL.S  .VXD  CoXDUITS 

'riic  method  of  construciiiig  the  underground  con- 
duits 111  a  plant  of  this  kind  is  a  matter  of  much  impor- 
tance. In  deciding  upon  the  best  construction  the  matter 
of  durability  should  be  considered  as  well  as  first  cost. 

In  the  present  ca.se  a  tunnel  has  been  provided  between 
the  power  house  and  machine  shop  on  account  of  the  large 
size  of  the  pipes  and  also  for  carrying  the  electric  cables. 
This  makes  a  passageway  between  the  two  buildings  and 
])rovides  access  to  the  brick  pit  where  the  anchor  and  main 
xalves  in  the  various  branches  are  located. 

A  section  through  this  tunnel  is  shown  in  Fig.  5  and  il- 
lustrates the  method  of  supporting  the  pipes  and  cables. 
The  walls  are  of  coircrete  and  the  dimensions  are  such 
that  ample  space  is  pi'ovided  for  a  man  to  pass  through. 

There   are   four   general   types   of   conduits    employed 


.■Starting  at  the  jniwer  house  a  12-in.  supply  main  is  car- 
ried through  a  tunnel  to  a  walled  pit,  where  it  is  anchored, 
and  then  branches  in  three  directions,  one  leading  to  the 
forge  shop,  carpenter  shop,  etc.;  one  to  the  foundry  and 
office  wing;  and  one  to  the  machine  shop.  These  pipes 
are  carried  underground  either  in  tunnels  or  conduits 
as  indicated  on  the  plan.  Where  they  pass  through  the 
various  buildings  they  are  run  either  in  covered  trenches 
or  along  walls  as  may  be  necessary  to  avoid  fixtures  and 
to  maintain  the  proper  grade.  In  the  machine  shop  both 
pipes  are  carried  across  the  building  in  a  trench  in  order 
to  clear  the  traveling  crane. 

E.vpansion  is  provided  for  by  offsets,  and  a  special 
swivel  just  inside  the  machine-shop  wall.  Being  anchored 
in  the  central  pit,  the  mains  e.xpand  in  all  four  direc- 
tions, and  the  increa.se  in  length  thus  being  divided  into 
four  parts  is  easily  cared  for. 

Pipe  sizes  for  vacuum  systems  of  the  type  used  in  the 
present  case  may  be  taken  from  Table  1,  which  applies 
to  lengths  of  run  up  to  about  400  ft. 

The  sizes  given  in  Fig.  4  have  been  taken  from  this  ta- 
ble, which  are  slightly  larger  than  used  by  some  of  the 
jiatented  systems  of  vacuum  heating. 

In  the  case  of  a  gravity  system  of  heating,  where  the 
condensation  flows  back  to  the  receiver  without  the  use 
of  a  vacuum  pump,  the  sizes  as  in  Table  2  may  be  used  for 
runs  up  to  400  ft.,  with  steam  pressures  of  3  to  5  lb. 
gage. 
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wdiere  the  pii)es  are  carried  underground  without  means 
of  access ;  those  of  wood,  cement,  vitrified  tile,  and  a  com- 
bination of  tile  and  cement.  Some  of  the  various  makes 
on  the  market  are  shown  in  Figs.  6,  7  and  8. 

Fig.  7  shows  a  wooden  conduit  which  also  serves  to  in- 
sulate the  pipe.  This  type  requires  a  separate  conduit 
for  each  piiie.  Fig.  6  shows  another  form  of  conduit. 
This  is  of  combined  concrete  and  tile  construction,  with 
.special  attention  given  to  waterproofing.  A  split-tile  con- 
duit is  shown  in  Fig.  8.  In  this  case  both  steam  and 
return  pipes  are  carried  in  the  same  conduit  and  the 
space  around  them  is  packed  with  insulating  material. 
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The  life  of  a  wooden  eondiiit  depends  largely  upon 
the  quality  of  the  material,  the  method  by  which  it  i.s 
prepared  to  resist  decay,  and  the  amount  of  moisture  in 
the  soil  surrounding  it.  Wooden  conduits  have  been 
found,  in  some  cases,  to  be  in  good  condition  after  20 
years  or  more  of  service,  while  in  others  they  have  de- 
teriorated quite  rapidly.  With  the  best  of  material  and 
construction,  and  jiroper  underdraining,  it  would  seem 
that  the  longer  period  mentioned  should  be  approached 


in  a  majority  of  cases.  The  best  forms  of  concrete  con- 
duit have  a  life  much  beyond  that  of  the  pipes  which  they 
contain.  If  they  are  of  such  form  that  they  must  be  re- 
placed when  the  pipes  are,  there  is,  of  course,  no  advan- 
tage in  greater  durability.  If,  however,  the  pipes  may  be 
renewed  by  simply  removing  the  cover  from  the  conduit, 
v.'ithout  disturbing  the  principal  part  of  the  construc- 
tion, as  in  Fig.  8,  for  example,  durability  beyond  the  life 
of  the  pipe  becomes  an  important  factor. 


'ceimt   Devel 
Electric  G<^ 


On  the  evening  of  Oct.  2s,  John  Hunter,  chief  engineer 
of  power  plants  of  the  Union  Electric  Light  &  Power  Co.,  St. 
Louis,  gave  an  interesting  address  on  the  above  subject  at  a 
joint  meeting  of  the  Associated  Engineering  Societies  of  St. 
Louis,  held  under  the  auspices  of  the  St.  Louis  section  of  the 
American  Society  of  Mechanical  Engineers. 

Mr.  Hunter  summarized  the  equipment  of  the  large  gen- 
erating stations,  of  New  York,  Boston,  Philadelphia,  Wash- 
ington, Detroit.  Milwaukee.  Chicago  and  St.  Louis,  and  ampli- 
fied his  remarks  with  110  carefully  selected  lantern  slides. 
The  lecture  was  so  well  received  that  even  an  abstract  should 
prove  of  interest.  Alention  of  the  various  stations  has  been 
made  in  these  columns,  but  a  brief  review  of  the  big  steam 
plants  of  the  country  in  one  article  w^ill  bear  repetition. 

XEW  YORK   W.VTERSIDE   STATIONS 

At  present  there  are  15  different  public-service  corpora- 
tions supplying  power  to  the  five  boroughs  of  the  city  of  New 
York.  The  New  York  Edison  Co.,  operating  the  great  Water- 
side stations,  is  of  first  interest.  Its  history  of  development 
dates  back  almost  to  the  beginning  of  the  electric-light  in- 
dustry. The  old  Pearl  St.  station,  the  first  Edison  electric- 
lighting  station  in  New  York,  was  built  in  1SS2.  Up  to  the  ad- 
vent of  high  v'oltage,  alternating-current  transmission  and 
distribution,  there  were  numerous  steam  stations  of  the  non- 
condensing  type  foi"  direct-current  genera'tion  built  here  and 
there  about  Manhattan  Island.  The  Duane  St.  station  is  an 
example.  It  is  made  up  of  2500-hp.  vertical  condensing  en- 
gine units.  The  first  plant  of  any  considerable  size  was  Wa- 
terside station  No.  1,  built  in  1900  and  designed  for  sixteen 
3500-kw.  alternating-current  generators  driven  by  vertical 
compound  engines.  In  190T>.  after  eleven  of  these  units  had 
been  put  in,  the  equipment  was  completed  by  the  addition  of 
three  5000-kw.  vertical  turbines  and  two  lO.OOfl-kw.  horizontal 
turbines.  In  1911  and  1912  four  of  the  engine  units  were  re- 
moved and  three  20,000-kw.  vertical  General  Electric  turbine 
units  installed.  At  the  same  time  one  of  the  .5000-kw.  turbines 
was  rewound  for  9000  kw.  The  total  capacity  of  the  plant  is 
thus  123, .-jOO  kw.  The  station  is  designed  for  fifty-four  650-hp. 
boilers,  on  two  decks  and  set  in  batteries  of  two.  The  furnace 
equipment    is   both    Honey   and    Taylor   stokers. 

This  station  was  rapidly  outgrown  and  Waterside  Station 
No.  2  was  built  in  1909.  It  adjoins  the  No.  1  station  and  to- 
gether, so  far  as  operation  is  concerned,  they  are  practically  a 
single  station,  forming  the  largest  steam  plant  in  the  world 
and  having  a  combined  capacity  of  about   215,000  kw. 

In  No.  2  station  the  boiler  house  contains  ninet.v-six  CtO- 
hp.  Eabcock  &  Wilcox  boilers  operating  at  200  lb.  pressure 
with  12.".  deg.  superheat.  Thirty-six  of  the  boilers  were  orig- 
inally fitted  with  flat  grates,  commonly  called  straight  draft, 
for  hand  firing,  while  the  remainder  have  the  Taylor  stokers. 
The  boilers  are  in  eight  rows  across  the  boiler  house,  six  in 
a  row  and  on  two  decks.  There  are  four  stacks,  each  serving 
24  boilers,  12  boilers  on  each  deck.  There  is  no  railroad  track 
service  for  these  stations,  the  coal  being  brought  in  barges 
from  coal  docks  in  New  Jersey.  From  the  barges  it  is  lifted 
to  overhead  hunkers  and  falls  by  gravity  to  the  boiler  hoppers. 
The  ashes  are  dumped  from  the  pits  into  cars  in  the  boiler- 
room  basement  and  drawn  by  an  electric  locomotive  to  a 
pocket  from  which  they  are  conveyed  to  an  overhead  ash 
bunker   and    then    dumped    into    barges    for    final   disposition. 

In  the  turbine  room  there  are  six  8000-kw.  Curtis  turbines, 
two  SOOfl-kw.  Westinghouse  turbines  and  two  H,00fl-kw.  Curtis 
turbines.  Each  of  the  Westinghouse  turbines  drives  a  twin 
generator,  one  25-cycle,  6G00-volt,  and  the  other  fi«-cycle.  7500- 
volt.    Either  is  used  as  required:  they  run  at  750  r.p.m.  The  main 


fteainri' 


generating  units  are  equipped  with  surface  condensers,  utiliz- 
ing salt  water  from  the  East  River  for  cooling.  To  provide 
against  a  shortage  of  coal  in  case  of  strike  or  delayed  de- 
liveries, the  company  has  a  storage  yard  at  Shadyside,  on  the 
New    Jersey    shore,    capable    of   holding    200,000    tons. 

INTERBOROUGH    RAPID    TRANSIT    CO. 

This  New  York  company  also  has  an  interesting  history. 
It  furnishes  energy  for  both  the  subway  and  the  elevated 
railway  lines.  The  Fifty-ninth  Street  station,  which  carries 
the  subway  load,  is  of  special  interest  in  that  it  has  five  of 
the  largest  e.xhaust-steam  turbines  in  existence.  The  original 
installation  was  completed  about  1903  and  contained  nine 
700-k'\v.  Allis-Chalmers  (combined  double  horizontal  and 
vertical,  11,000-volt,  25-cycle).  Later,  about  1905,  three 
1725-kw.  Westinghouse  turbines  were  installed.  Each  of  these 
engines  had  two  horizontal  high-pressure  cylinders  44  in. 
diameter  and  two  vertical  low-pressure  cylinders  SS  in.  diam- 
eter, with  a  common  stroke  of  60  in.  The  generators,  of  the 
flywheel   type,   are   built   of  heavy   steel   plates. 

The  original  boiler  installation  was  fifty-two  600-hp.  Bab- 
cock  &  Wilcox  water-tube  boilers,  with  space  for  20  addi- 
tional boilers.  Eight  more  were  eventuall>'  put  in.;  all  are 
'  equipped  with  Roney  stokers.  Due  to  the  rapid  increase  in 
the  demand  for  electric  cui'rent  from  this  company,  the  ca- 
pacity of  the  station  had  to  be  increased.  Five  low-pressure 
Curtis  turbines  of  7500-kw.  capacity  were  installed  between 
and  to  one  side  of  the  reciprocating  engines  without  pur- 
chasing additional  real  estate. 

The  method  used  in  starting  up  the  combined  engine  gen- 
erator and  low-))ressure  turbine  is  simple  and  may  be  of 
interest.  Excitation  is  applied  before  starting,  then,  when 
brought  up  to  speed,  the  machine  is  synchronized  in  the  usual 
manner.  While  starting  in  this  way,  the  induction  generator 
connected  to  the  low-pressure  turbine  acts  as  a  motor  until 
sufficient  steam  passes  through  the  engine  to  carry  the  tur- 
bine above  synchronous  speed,  when  it  imniediatel.v  becomes  a 
generator  and  picks  up  the  load.  The  leads  of  the  turbine  are 
tied  in  solidl.v  to  the  main  generator  leads  through  knife 
switches  which  are  never  opened. 

The  net  results  obtained  by  the  installation  of  the  low- 
|)ressure  turbines  in  this  station  have  been  summarized  as 
follows: 


of  100  per 


ent. 


the  maximum  rating  of  the 


.\n  increase  of  14t»  per  cent,   in  the  economic  output  of  the 

plant. 
.\   saving   of  approximately    85   per  cent,   of   the   condensed 

steam    for  returns  to  the  boiler. 
.\n   average   impi'ovement   in  economy  of   13   per  cent,   over 

the  best  high-pressure  turbine   results. 
.\n  average   imrirovement   in   economy   of  25   per  cent,    (be- 
tween   the   limits  of  7000  kw.  and   15.000   kw.)    over   the 
results   ol>tained   by   the  engine   units  alone. 
.\n   average   unit   thermal   etiiciency   between   the   limits   of 

6500  and  15,000  kw.  of  20.6  per  cent. 
In  the  Seventy-Fourth  Street  station  there  are  64  Babcock 
&  Wilcox  boilers  and  the  generating  equipment  comprises 
eight  Allis-Chalmers  7500-kw.  combined  horizontal  and  ver- 
tical Corliss  engines,  similar  in  all  respects  to  the  original 
installation  in  the  Fifty-Ninth  Street  station,  and  one  7500- 
kw.  Westinghouse  horizontal  turbine  of  the  same  rating  as 
the  engines. 

The  growth  of  this  company's  business  again  required  ad- 
ditional capacity  from  its  generating  stations  and  it  has  now 
decided  to  remove  four  of  the  engine  units  and  install  three 
Westinghouse  turbines,  each  of  30,000-kw.  capacity.  These 
turbines  are  cross-compound  units.  The  high-pressure  element 
Is   a   single-flow   turbine   operating   between    steam-boiler   and 
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approximately  atmospheric  pressure.  On  leaving  the  high- 
pressure  cylinder,  the  steam  groes  through  a  receiver  separator 
and  then  into  the  double-flow,  low-pressure  cylinder.  The 
high-pressure  end  operates  at  1500  r.p.ni.  and  the  low-pressure 
expansion  end  at  750  r.p.ni.;  both  ends  are  controlled  by  a 
single  governor  driven  from  the  high-pressure  spindle.  The 
two  generators  are  electricall.v  tied  together,  therefore,  no 
governor  is  needed  on  the  low-pressure  end.  The  guaranteed 
water  rate  is  11.27  lb.  per  kw.-hr.  Steam  enters  the  center  of 
the  turbine  through  two  openings  and  then  divides,  one  half 
going  each  way  to  a  condenser  at  each  end  of  the  turbine. 

BROOKLYN  EDISON  SYSTEM 
The  tendency  of  the  times  is  further  emphasized  by  the 
case  of  the  Edison  Electric  Illuminating  Co.,  Brooklyn,  which 
operates  two  main  generating  stations.  Originally  the  Gold 
St.  station  was  equipped  with  four  750-kw.  engine-driven  gen- 
erators. At  present  there  are  four  turbine  units  having  a  total 
generating  capacity  of  34,500  kw. 

BOSTON  EDISON 

The  Edison  Electric  Illuminating  Co.  of  Boston  operates 
the  largest  central-station  plant  and  disti'ibuting  system  in 
New  England,  and  supplies  31  cities  and  towns  with  elec- 
trical energy,  serving  an  area  of  466  square  miles  and  a  pop- 
ulation of  about  1,250,000.  The  point  must  remote  from  the 
main  generating  station  is  Hopkinson,  43  miles  away. 

The  L  St.  plant  consists  essentially  of  two  separate  sta- 
tions so  far  as  the  building  and  generating  equipment  are 
concerned.  The  two  divisions  of  the  plant  are  officially  des- 
ignated as  Station  4-1  and  Station  4-2,  but  they  are  electrically 
connected  through  suitable  transforming  and  switching  ap- 
paratus to  serve  the  alternating-current  system  in  common. 
The  stations  are  radically  different  in  type,  representative  of 
the  state  of  the  art  at  the  periods  of  their  respective  con- 
struction. Station  4-1  contains  12  Babcock  &  Wilcox  boilers 
rated  at  550  hp.  each,  operated  at  160-lb.  steam  pressure  and 
supplying  six  1500-kw.,  60-cycIe  alternators  directly  con- 
nected to  vertical  cross-compound  Mcintosh  &  Seymour  en- 
gines. AH  of  the  boilers  in  this  station  are  equipped  with 
Hawley  down-draft  furnaces  and  are  hand  fired.  There  is  one 
stack   11   ft.   6  in.   diameter  and   225   ft.   high. 

Station  4-2  at  present  contains  ninety-six  500-hp.  boilers 
set  in  12  rows  of  batteries.  For  the  peak  load  in  December, 
1908,  the  available  generating  equipment  in  this  station  com- 
lirised  four  G.  E.  Curtis  turbine  units  of  5000  kw.  each,  and 
one  SOOO-kw.  unit  of  similar  make.  In  1909  two  of  the  5000- 
kw.  units  were  replaced  by  12,000-kw.  sets,  all  of  60-cycle, 
6900-volt  design.  The  second  pair  were  7500  kw.  each,  the 
fifth  unit  12,000  kw.  and  the  sixth,  seventh  and  eighth  of  15,- 
000  kw.  each,  making  a  total  of  96,000  kw.  The  improved 
economy  of  the  larger  size  and  later  design  of  turbine,  com- 
bined with  the  modern  practice  of  getting  from  200  to  300 
per  cent,  rating  out  of  boilers  at  peak  loads,  enabled  thi? 
increase  in  turbine  capacity  to  be  made  without  increasing 
the  boiler  capacity.  The  original  design  called  for  eight  500- 
hp.  boilers  to  one  5000-kw.  turbine,  and  there  were  eventually 
to  be  12  of  the  5000-kw.  units. 

Coal  is  removed  from  vessels  by  two  movable  steam  hoist- 
ing towers  to  a  belt  conve>'or  running  beneath  them  on  the 
wharf,  elevating  it  some  50  ft.  and  conveying  it  to  the  trestle 
alongside  of  the  storage  yard.  Two  traveling  bridges,  each 
having  a  large  grab  bucket,  distribute  the  coal  from  the 
trestle  to  the  yard,  or  reclaim  it  from  the  yard  and  deliver 
it  to  the  belt  conveyor  system  from  the  bunkers  above  the 
boilers.  The  conveyor  system  from  the  yard  to  the  boiler 
house  is  in  duplicate. 

PHILADELPHIA  ELECTRIC  CO. 
This  company  has  two  main  generating  plants,  stations 
A-1  and  -4-2.  Station  X-1  is  equipped  with  turbines  varying  in 
size  from  7500  kw.  to  15,000  kw.  For  this  station  a  35,000- 
kw.  General  Electric  turbine  is  now  being  built.  While  it  is 
5000  kw.  larger  in  capacity  than  the  Westinghouse  cross- 
compound  turbine,  it  is  contained  in  one  unit  and  involves 
special  characteristics  recently  developed  by  the  General  Elec- 
tric Co.  To  permit  of  greater  mechanical  stability  and  to  pro- 
vide greater  area  in  the  low-pressure  end,  the  casing  is  di- 
vided into  two  parts  with  a  bearing  between.  The  revolving 
field  is  an  enormous  steel  forging,  with  milled  slots,  similar 
to  small  machines.  The  armature  frame  is  cast  in  two  halves, 
each  of  which  represents  about  the  limit  of  casting  and  trans- 
portation possibilities.  The  turbine  and  generator  are  mounted 
on  a  common  base,  thus  constituting  a  single  generating  unit, 
in  this  respect  surpassing  anything  else  heretofore  attempted. 

WASHINGTON  PLANT 
The  Bennings  plant  of  the  Potomac  Electric  Co.  is  on  the 
Potomac   River   and   supplies    electric   energy    to    the    city    of 
Washington,  D.  C.    It  is  a  modern  and  highly  efficient  all-tur- 


bine station  of  37,000-kw.  capacity,  there  being  three  SOOO- 
kw.  and  two  5000-kw.  units.  All  of  the  units  generate  6600- 
volt,  three-phase,  25-cycle  current.  The  energy  is  transmitted 
underground   to   the   company's   substations. 

In  the  boiler  room  there  are  twenty  600-hp.  Babcock  & 
Wilcox  boilers  and  four  525-hp.  boilers.  Twenty  of  them  are 
equipped  with  Roney  stokers  and  four  with  Taylor  stokers. 
This  station  was  built  in  1906  and  thus  far  has  had  a  success- 
ful existence.  The  station  output  has  steadily  increased  from 
a  little  over  29.000.000  kw.-hr.  in  1907  to  101.000,000  kw.-hr.  in 
1913:  44  per  cent,  of  the  station  output  is  for  lighting  and  the 
remainder  for  railwiiy  service. 

PLANTS  OF  THE  DETROIT  EDISON  CO. 

Delray  plants  Nos.  1  and  2.  are  four  miles  southwest  of  the 
business  center  of  Detroit,  on  the  banks  of  the  Detroit  River. 
No.  1  station,  built  in  1904  and  containing  four  3000-kw.  units, 
now  has  four  SOOO-kw.  Curtis  turbines.  No.  2  station,  built 
in  1908,  has  three  14,000-kw.  and  one  15,00-kw.  turbines,  mak- 
ing the  turbine  rating  of  the  two  plants  89,000  kw. 

The  output  of  the  Delray  plant  is  delivered  for  the  most 
part  to  customers  of  the  Edison  Illuminating  Co  in  Detroit, 
although  an  extensive  suburban  district  is  also  supplied 
through  the  Eastern  Michigan  Edison  Co.  There  is  also  a 
50-mile  transmission  line  connecting  the  station  with  the  town 
of  Memphis.  Mich.  About  one-fifth  of  the  station  output  is 
supplied   to  the   Detroit  United  Railways  Co. 

The  original  design  of  the  No.  1  plant  included  a  surplus  of 
boiler  capacity  for  the  purpose  of  permitting  the  four  original 
3000-kw.  Curtis  turbine  sets  to  operate  noncondensing.  The 
exhaust  steam  was  to  be  supplied  to  salt  refiners  in  the 
vicinity  for  evaporating  the  brine.  Twenty-four  500-hp. 
Stirling  water-tube  boilers  were  installed,  set  in  four  at- 
teries  of  six  each.  Each  boiler  contains  4S34  sq.ft.  of  heating 
surface.  The  second  bank  of  tubes  forms  the  superheater 
with  an  area  of  1500  sq.ft.  and  superheating  to  600  deg.  F., 
or  200  deg.  F.  above  the  normal  temperature  of  the  steam  at 
210   lb.   per   sq.in. 

The  first  four  turbines  in  station  No.  1  were  run  condens- 
ing. The  plan  for  supplying  oxnaust  steam  to  the  salt  re- 
finers was  never  carried  out  because  the  company's  load  had 
so  increased  that  it  was  f  jund  necessary  to  install  an  addi- 
tional 3000-kw.  unit;  this  was  done  without  increasing  the 
boiler  equipment. 

The  first  four  3000-kw.  machines  of  1904  were  replaced  in 
1911  by  SOOO-kw.  units  of  similar  type;  they  were  equipped 
■with  Worthington  16,000-sq.ft.  surface  condensers  of  the  base 
type. 

The  No.  2  turbine  room  has  three  14,000-kw.  and  one  15,000- 
kw.  vertical  Curtis  General  Electric  turbine  units,  which,  like 
the  machines  in  No.  1  turbine  room,  furnish  4600-volt.  60- 
cycle,  three-phase  energy.  The  turbines  are  ventilated  by 
forced  draft  and  the  dampers  are  so  arranged  that  air  can  be 
taken  from  the  engine  room  and  delivered  to  the  outside,  or, 
as  is  desirable  in  winter,  the  outside  air  can  be  taken  into 
the  machines  and  delivered  to  the  engine  room. 

Of  special  interest  in  connection  "with  the  Delray  plants 
are  the  nine  big  double-fired  Stirling  boilers  in  No.  2  power 
house,  each  having  a  rated  capacity  of  2365  hp.  The  normal 
output  is  7000  kw.  in  regular  service  and  they  have  been 
drawn  upon  for  11,000  kw.  during  short  periods.  All  are 
equipped  with  Taylor  stokers,  which  have  a  nominal  area  of 
300  sq.ft..  with  a  heating-grate  ratio  of  79  to  1.  The  steam 
pressure  carried  in  this  plant  is  205  lb.,  with  150  deg.  super- 
heat. This  was  one  of  the  first  stations  to  develop  high  super- 
heat. The  original  steam  fittings  were  cast  iron  and  had  to 
be  changed  to  steel  after  five  years,  weakness  in  the  iron  hav- 
ing developed.  The  superheaters  are  mounted  between  the 
boiler  tubes  proper. 

Each  of  the  54-in.  steam  drums  has  eight  4%-in.  safety 
valves  besides  four  3-in.  on  the  superheaters.  The  advantages 
in  the  use  of  these  large  units  are  found  in  a  decreased  cost 
per  horsepower  of  rating;  a  lower  radiation  loss  per  unit  of 
capacity,  hence  a  higher  efficiency,  and  they  occupy  smaller 
area  per  unit  of  output.  Repairs  on  these  larger  units  are 
not  excessive  and  do  not  exceed  the  usual  cost  per  horse- 
power with  small-sized  units.  The  combined  boiler  and  fur- 
nace efficiencies  obtained  run  from  80  per  cent,  at  75  per  cent, 
rating  to  76  per  cent,  at  200  per  cent. 

^Vith  the  city's  phenomenal  growth  and  demand  for  elec- 
tric energy,  the  Detroit  company  has  under  construction  a 
100,000-kw.  plant  at  Connor's  Creek,  which  is  at  the  opposite 
end  of  the  city.  This  plant  is  expected  to  be  completed  to 
take  the  fall  load  of  1915. 

PL.\NTS  OF  THE    COMMONWEALTH  EDISON  CO. 

By  far  the  greater  part  of  the  electrical  energy  generated 
by  the  Commonwealth  Edison  Co.,  in  Chicago,  is  produced  at 
the  Fisk  St.  and  Quarry  St.  stations,  which  are  on  the  south 
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branch  of  the  Chicago  River.  The  engine  room  of  the  Fisk  St. 
plant  is  630  ft.  long  and  was  originally  designed  for  fourteen 
5000-kw.,  vertical  Curtis  turbine  units.  The  first  unit  was  in- 
stalled in  1903,  but  later  ifwas  decided  to  use  12.000-kw.  units 
instead  of  5000.  One  of  the  12,000-kw.  units  had  been  in- 
stalled when  the  advance  in  the  art  led  the  company  offlcials 
to  decide  that  the  last  four  units  should  be  of  20,000-kw.  ca- 
pacity, or  larger,  and  of  the  horizontal  type.  Of  these,  two 
are  ali'eady  installed,  one  a  General  Electric  20,000-kw'.  and 
the   other  a  Parsons  25,000-kw.   turbine. 

The  boiler  house  of  the  Fisk  St.  station  was  originally  de- 
signed for  14  batteries  of  eight  5C0-hp.  boilers,  and  10  of  these 
batteries,  comprising  SO  boilers,  are  already  in  use.  The  re- 
ii^ainder  of  the  boiler  house  will  be  filled  with  four  batteries, 
each  of  four  boilers  and  each  boiler  having  12,250  sq.ft.  of 
heating  surface,  with  an  equipment  of  economizers  and  in- 
duced draft  fans  with  wliich,  it  is  anticipated,  the  boilers  can 
be  worked  at  200  per  cent,  of  rating.  The  combined  gen- 
erating capacity  of  all  the  units  at  Fisk  St.  is  165,000  kw. 
When  running  at  full  capacity  the  station  will  consume 
nearly  2000  tons  of  coal  a  day,  and  nearl.v  200  tons  during  the 
maximum  or  peak  hour.  The  number  of  heat  units  required 
to  generate  a  kilowatt-hour  with  the  old  equipment  was  ap- 
proximately 28.000:  with  the  new  equipment  it  is  something 
less  than  20,000.  This  would  be  two  pounds  of  coal  at  10,000 
B.t.u.   or   1.43  lb.  at  14,000  B.t.u. 

The  great  increase  in  the  business  of  the  Commonwealth 
Edison  Co.  made  it  necessary  to  build  the  Quarry  St.  station  in 
1908.  The  two  stations  are  operated  together  as  one  electrical 
generating  station,  being  connected  by  tie  lines  in  two  tun- 
nels. 

Arranged  in  two  rows  parallel  to  the  turbine  room  are 
eight  500-hp.  water-tube  boilers  for  each  generating  unit,  or 
4S  for  the  entire  station.  The  original  boiler  setting  at 
Quarry  St.  was  a  departure  in  furnace  design  in  that  the 
furnaces  were  placed  under  what  is  usually  considered  the 
rear  header.  In  other  words,  the  slope  of  the  tubes  was  up 
and  away  from  the  furnace  rather  than  the  reverse.  The 
advantage  sought  was  in  the  long  combustion  chamber,  ex- 
panding in  volume,  which  made  for  more  complete  combustion 
of  the  fuel  and  an  increase  in  boiler  efficiency.  These  boilers 
were  equipped  with  horizontal  passes.  After  a  time  it  was 
found  that  the  maintenance  costs  were  running  high,  and  it 
was  decided  to  equip  the  last  six  of  the  boilers  with  standard 
settings,  although  at  the  same  height  as  the  other;  this  gave 
a  larger  combustion  chamber  than  is  the  usual  practice.  The 
station  has  eight  12-ft.  steel  stacks,  250  ft.  high,  each  stack 
serving  six  boilers. 

Eight  boilers  are  independently  connected  to  each  of  the 
six  turbines,  although  cross  connections  are  available  in  case 
of  emergency.  Each  of  the  turbines  has  its  own  independent 
^xiliaries,  including  a  hotvvell  pump,  a  combined  circulating 
and  vacuum  pump,  a  feed-water  heater  and  a  4-in.  three- 
stage  centrifugal  feed  pump.  Quairy  St.  was  the  first  station 
in   the  United  States  to  install  centrifugal  boiler  feed  pumps. 

The  rate  at  which  the  business  of  the  Commonwealth  Edi- 
son Co.  was  increasing  made  it  evident  in  1910  that  the  Fisk 
and  Quarry  St.  stations  would  be  inadequate  for  the  service 
and  plans  were  immediately  made  for  additional  station 
equipment.  The  new  Northwest  .Station  has  been  the  result 
netween  1908  and  1910  the  maximum  load  on  the  system  grew 
from  117,370  kw.  to  182,600  kw.,  an  increase  of  55^4  per  cent. 
In  1912  the  maximum  load  had  further  increased  to  200,000 
kw.  In  planning  for  the  capacity  of  the  new  station  the  indi- 
cations were  that  for  a  number  of  years  the  increase  would 
average  at  the  rate  of  15  per  cent,  per  year.  This  rate  of 
increase,  applied  to  the  load  of  200,000  kw.  In  1912,  indicated 
that  the  net  increase  of  load  during  the  following  five-year 
period  would  amount  to  220,000  kw.  Accordingly,  plans  were 
made  for  two  new  power  houses  of  .220,000  kw.  each,  it  be- 
ing considered  advisable  to  prepare  for  more  than  five,  years" 
growth.  A  location  was  therefore  selected  which  would  be 
suited  to  the  many  and  great  requirements  of  such  an  equip- 
ment. To  supply  fuel  for  an  aggregate  of  210,000  kw.,  or 
350,000  hp.,  requires  something  like  4000  tons  of  coal  per 
day,  or  100  car  loads.  Inasmuch  as  the  fuel  has  to  be  brought 
200  miles  by  rail  for  the  Chicago  plants,  a  reserve  supply  of 
even  four  days,  If  held  In  car.s,  would  mean  four  miles  of  track 
■  room  for  400  cars.  The  coal  strikes,  which  occur  quite  regu- 
larly every  two  years,  however,  frequently  mean  that  no  coal 
can  be  had  from  the  mines  for  three  months.  Hence  one  of 
Ihc  demands  of  the  new  plant  was  that  there  must  be  sufll- 
ilent  storage  for  coal  to  carry  the  stations  over  a  three 
months'  interval  ^ — that  Is,  storage  room  for  350,000  tons. 
The  site  of  the  new  Northwest  station  was  therefore 
chosen  at  a  point  on  the  north  branch  of  the  Chicago  River, 
several  miles  from  the  Fisk  and  Quarry  St.  stations,  where 
sufUclent  acreage  for  coal   storage   was  available. 

The   boiler   house   Is   so   designed   and   equipped    that   at   no 


point  in  the  handling  of  the  great  volume  of  coal  that  daily 
passes  through  it,  is  it  necessary  to  use  manual  labor.  The 
boilers  are  arranged  in  rows  of  ten  each,  facing  each  other 
on  opposite  sides  of  a  common  firing  aisle,  so  thut"  one  set  of 
firemen  and  water  tenders  can  look  after  twenty  boilers. 
Each  ten  boilers  ai-e  served  by  a  tile-lined  steel  stack,  17  ft. 
inside  diameter  and  extending  275  ft.  above  the  boiler-room 
floor.  When  completed  the  turbine  room  will  be  290  ft.  long 
with  the  five  turbines  spaced  on  44-ft.  centers.  The  first 
two  turbines  are  of  the  vertical  Curtis  type,  similar  to  those 
at  the  Fisk  and  Quarry  St.  stations,  and  are  rated  at  20,- 
000-kw.  capacity,  with  a  steam  consumption  of  13.45  lb.  per 
kw.-hr.  at  the  most  efficient  load,  namely,  15,000  kw.  The  ad- 
ditional units  for  this  plant  are  expected  to  be  of  the  hori- 
zontal type  and  may  run  in  capacity  to  30,000  kw.  or  more. 

COMMERCE    STREET    STATION,    MILWAUKEE 

The  generating  capacity  of  this  station  is  61,900  kw.  The 
development  of  the  plant  has  been  in  three  periods.  The  first 
installation  was  in  1902  and  consisted  of  four  1500-kw..  en- 
gine-driven, 25-cycle  units  equipped  with  barometric  con- 
densers and  eight  650-hp.  boilers  equipped  with  Jones  under- 
feed stokers. 

In  1905  four  more  engines  were  added,  driving  2000-kw.; 
600-volt,  direct-current  generators,  and  eight  additional  708- 
hp.  boilers.  Shortly  after  this  two  1000-kw.,  60-cyc!e  vertical 
General  Electi'ic  turbo-generators  were  installed.  In  1911  the 
final  additions  were  made  which  have  brought  the  plant 
into  practically  its  present  condition.  At  this  time  all  of  the 
barometric  condensers  of  the  oi-iginal  installation  were  re- 
moved  and    the   two    1000-kw.   turbines   taken  out. 

For  increasing  the  capacity  of  the  plant  t'wo  7500-kw.,  low- 
pressure,  25-cycle  turbines  were  added  to  operate  in  series 
with  the  reciprocating  engines,  similar  to  the  installation  in 
New  York,  and  also  two  high-pressure.  14.000-kw.,  60-cycl3 
.  vertical  turbines.  Along  with  this  increased  generator  ca- 
pacity eight  additional  765-hp.  boilers  and  auxiliaries  were 
installed.     Since  then  a  4500-kw.  60-cycle  turbine  has  been  put 

The  steam  supply  for  the  low-pressure  turbine  in'  this 
station  is  taken  from  the  exhaust  of  seven  reciprocating  en- 
gines, all  exhausting  into  a  common  header  and  supplying 
steam  to  the  turbines  at  16  lb.  initial  pressure.  The  receiver 
separator  taking  the  steam  from  the  engines  is  the  largest 
steam  separator  in  the  world,  being  10  ft.  in  diameter  and 
22   ft.    high. 

The  effect  upon  the  steam  economy  of  the  installation  of 
low-jiressure  turbines  was  marked.  It  was  estimated  that 
about  one  kilowatt-hour  of  energy  could  be  obtained  from 
the  low-pressure  turbine  by  the  use  of  steam  exhausted  'from 
the  engine  while  delivering  one  kilowatt-hour,  thus  getting 
two  Icilowatt-'iours  of  energy  for  the  water  rate  of  one  kilo- 
watt-hour on  the  engines  noncondensing.  The  latter  rate  was 
about  30  per  cent,  higher  than  under  condensing  conditions. 
The  overall  water  rate  would  thus  be  changed  in  about  the 
ratio  of  22  to  16  lb.  per  kw.-hr. 

The  total  rated  capacity  of  the  24  boilers  in  the  Com- 
merce St.  station  is  16,984  hp.,  or  one  boiler  horsepower  for 
each  3.64  kw.  of  installed  capacity.  Operating  conditions, 
however,  are  in  the  ratio  of  one  boiler  horsepower  for  each 
1 V4  kw.  of  installed  capacity.  There  are  12  stacks,  each  8 
ft.  in  diameter  and  100  ft.  high,  each  of  which  serves  two 
boilers. 

ST.    LOUIS    PLANT 

There  are  few  plants  throughout  the  country  that  show  de- 
velopment more  clearly  than  does  the  Ashley  St.  station  of 
the  Union  Electric  Light  &  Power  Co.  The  original  units 
were  3000-kw.  Allls  reciprocating  engines.  These  units  are 
still  in  place,  but  are  utilized  for  emergency  operation  only. 
Next  came  the  5000-kw.  turbine  units  which  were  replaced  by 
the  12.000-kw.  Curtis  turbines.  Four  of  these  units  were  In- 
stalled upon  the  same  foundations  and  with  the  same  auxili- 
ary equipment  that  had  been  used  for  the  5000-kw.  turbines. 
This  ch.ange  increased  the  generating  capacit.v  of  the  station 
from  36,000  kw.  to  64.000  kw..  an  increase  of  78  per  cent.,  and 
at  the  same  time  reduced  the  steam  consumption  on  the  tur- 
bine generating  units  from  21  to  15^4  lb.  per  kw.-hr.,  a  re- 
duction of  26.2  per  cent.  Subsequently,  two  2000-kw.  vertical 
Curtis  turl.)lne8  were  replaced  by  two  4000-kw.  horizontal 
Curtis  turbines. 

y. 

I'rrMrrve  OrlKlnnl  Trlnl  Dnta — On  installing  new  n-.achlnery. 
the  results  of  the  Initial  trials  should  he  recorded  and  filed 
for  reference.  Duplicate  copies  of  these  results  should  also 
be  made.  It  l.«i  of  value  to  know  the  conditions  under  whlcli 
a  holler,  engine,  pump  or  other  apparatus  worked  when  new, 
for   comparison    witli    later   tests  and    trials 
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Our  readers  will  recollect  the  photographic  contest  in- 
augurated in  July  by  the  Mason  Regulator  Co.,  and  which 
closed  Nov.  2.  The  aim  was  to  obtain  photographs  and  data 
of  its  devices  which  were  performing  some  unusual  duty. 
The  following  have  been  announced  as  winners  of  the  $25, 
$1.").  $10  and  two  $5  cash  prizes,  respectively; 

H.  X.  Downs,  Shelton,  Conn.;  George  Van  Vleck,  Rochester, 
N.  T.;  W.  H.  Odell,  Tonkers,  N.  T. ;  C.  Cooper,  Portland,  Ore., 
and  A.  H.  Cutler,  Putnam,  Conn.  Ovide  Vachon,  Beauport, 
Que.,  Can.,  received  a  special  prize  of  $10,  he  having  submitted 
a  drawing  which  debarred  him  from  the  photographic  contest. 

The  judges  were  F.  L.  Fairbanks,  chief  engineer,  Quincy 
Market  Cold  Storage  &  Warehouse  Co.,  Boston;  E.  H.  Kearney, 
past-president.  National  Association  of  Stationary  Engineers, 
and  Albert  C.  .\shton,  treasurer  of  the  Ashton  Valve  Co., 
Boston,   Mass. 

The  winner  of  the  first  prize.  H.  N.  Downs,  is  employed  as 
an  operating  engineer  at  the  plant  of  the  Sidney  Blumenthal 
Co.,  Shelton,  Conn.  The  arrangement  which  captured  the 
largest  prize  money  consisted  of  a  Mason  steam  pump  speed 
governor  mounted  on  an  IS  and  16  by  24-in.  double-acting 
Davidson  pump  (Fig.  1),  which  supplies  water  to  a  gravity 
tank  located  approximately  20  ft.  above  the  ground  level. 
Before  entering  the  tank  the  water  is  forced  through  two 
Roberts  pressure  filters,  connected  in  multiple,  and  having  a 
capacity  of  1,000,000  gal.  per  24  hr. ;  the  water  is  used  for 
dye-house  purposes. 

The  pump  is  controlled  by  the  speed  regulator  so  as  to 
avoid  forcing  the  filters  in  case  of  variable  steam  pressure. 
In  series  with  the  balanced  valve  used  wtih  a  speed  governor 
is  a  second  balanced  valve,  operated  by  a  fioat  in  the  tank 
(Fig.  2).  The  tank  is  16  ft.  high  and  the  float  is  set  so  that- 
it  does  not  begin  to  operate  until  there  is  12  ft.  of  water 
in  the  tank,  when  the  balanced  valve  A  is  gradually  closed 
by  the  action  of  the  float,  thus  partially  shutting  off  the 
steam  supply  to  the   pump,  and   making   the    filter   plant   prac- 
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Fig.  2.     Showing  AniiAxoE.MENT  of  Speed  Eegulator 
AND  Balanced  Valves,  the   Top   One  Being 

CoXTIiOLLED    RY    THE    TaNK    FlOAT 


Fig.  1.     Illustkatixg  the  App.-vkatus  Which  Won  the  First  Pkize  in  the  Photographic  Contest 
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tically  automatic  in  operation.  When  the  water  level  reaches 
a  height  of  15  ft.  in  the  tank  the  steam  is  shut  off.  For 
the  float  a  small  gasoline  tank  was  used,  and  to  assure 
positive  action  the  float  lever  has  a  ratio  of  approximately 
10    to    1. 

When  the  speed  governor  was  first  installed  some  trouble 
was  experienced  because  the  float-operated  valve  would  open 
as  the  tank  emptied,  allowing  the  steam  pressure  to  act  on 
the  piston  of  the  pump,  causing  it  to  race  until  the  speed 
governor  gathered  sufficient  oil  pressure  to  build  up  and 
govern  the  pump.  This  ^vas  overcome  by  putting  on  an 
adjustable  bracket  under  the  lever  which  holds  it  up  in 
practically  its  operating  position,  and  thus  allows  the  pump 
to   accelerate   properly 

On  net.  27.  at  aliout  1:30  p.m..  the  flywheel  of  a  400-hp.  en- 
gine exploded  at  a  plant  where  about  flve  hundred  men  were 
employed.  The  explosion  threw  pieces  of  the  wheel  over  1000 
ft.  away,  wrecked  one  corner  of  the  engine  room  and  left 
nothing  but  the  hub  and  a  part  of  one  spoke  on  the  shaft. 

The  cause  of  the  accident  was  overloading  the  34-in.  three- 
ply  leather  belt  driving  the  lineshaft,  it  being  broken  in 
several  pieces. 

The  cast-iron  flywheel  weighed  si.x  tons  and  was  14  ft.  in 
diameter  and  had  a  36-in.  face.  It  was  cast  in  two  parts  and 
bolted  at  the  hub  and  rim:  all  of  the  bolts  held.  The  wheel 
ran  normally  at   105   r.p.m. 

The  largest  piece  weighed  about  three  hundred  pounds.  A 
215-lb.  piece  was  thrown  over  the  rock  bins  and  landed  on  the 
laboratory    building.       Other    parts    were'   scattered    over    the 


with  it  at  the  engineering  laboratories  of  the  Kansas  State 
.Agricultural  College,  using  hand-flred  as  well  as  stoker-fired 
boilers.  The  second  test  carload  of  coal  was  crushed  .ind 
then  tested  at  the  college  in  a  similar  manner.  The  third 
carload  was  also  crushed  and  washed  at  the  washery  of  the 
Central  Coal  &  Coke  Co.  The  washed  coal  was  then  tested 
at  the  college. 

EFFECT  OF  WASHING  ON  CHEMICAL  COMPOSITION 

1.  The  ash  and  other  noncombustible  material  -was  de- 
creased  45.8   per  cent. 

2.  The  sulphur  in  the  coal  was  decreased  by  50.1  per  cent. 

3.  The  fixed  carbon  was  increased  by   7.3   per  cent. 

4.  The  heat  of  combustion  per  pound  of  fuel  was  increased 
about  22  per  cent. 

EFFECT   OF   WASHING    ON    BOILER   OPER.\TION 

1.  The  total  ashes  handled  in  the  case  of  washed  coal 
was  22.7  per  cent,  less  than  in  the  unwashed,  all  other 
conditions  being  the  same. 

2.  The  evaporation  of  the  boiler  in  pounds  of  steam  per 
hour  from  and  at  212  deg.   F.  was  increased  by  23.6  per  cent. 

3.  The  evaporation  of  the  boiler  per  square  foot  of  heating 
surface  was  increased  by  about  20  per  cent. 

4.  The  capacity  of  the  boiler  in  boiler  horsepo^ver  was 
increased    by    20    per    cent. 

5.  The  total  efficiency  of  the  boiler,  furnace  and  grate 
was  increased   10.7  per  cent. 

During  the  tests  it  was  evident  that  the  firemen  had  much 
less  difficulty  in  keeping  up  the  steam  pressure  with  the 
washed  than  with  the  unwashed  coal.  The  reduction  in  the 
sulphur  eliminated  the  formation  of  bad  clinkers  and  de- 
creased  the   frequency  and   labor   of  cleaning  fires. 
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factory  grounds  and  buildings.  The  driven  and  tightener 
pulleys  were  broken  in  small  bits. 

The  illustrations  show  the  hub,  shaft  and  disk,  also  the 
bent  connecting  rod.  These  parts  weighed  about  four  tons 
and  were  thrown  against  the  wall.  The  400-lb.  cylinder  head 
was  blown  forty  feet  away  and  against  the  rear  wall. 

Although  eight  men  were  in  the  engine  room  at  the  time, 
exclusive  of  the  5i)(i  men  about  the  plant,  no  one  was  hurt. 
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U.fore  the  Kansas  lias.  Water,  Electric  Light  an<l  Street 
liailway  Association,  A.  A.  Potter,  dean  of  the  rlivision  of 
engineering  and  professor  of  steam  and  gas  engineering 
at  the  Kansas  State  Agricultural  College,  read  a  paper  on 
the  above  subject.  The  results,  as  expressed  In  the  paper, 
are   briefly   given    in    the    following: 

The  coal  was  wiished  to  remove  the  clinker  formative 
impurities.  This  was  accomplished  by  running  the  coal 
through  a  washer  or  tank  filled  with  water.  The  water  in 
the  tank  was  given  a  pulsating  motion,  forcing  the  coal 
to  the  surface  and  allowing  it  to  be  carried  away  by  the 
water.  The  Impurities,  which  were  heavier  than  the  coal, 
settled,   and    were   removed    by  a   conveyor. 

To  determine  the  effect  of  washing  Kansas  coal,  three 
representative  carloads  of  coal  were  selected  at  the  mines 
of  the  Kansas  state  penitentiary  at  Lansing,  Kan.  Samples 
of  the  coal  for  chemical  analyses  were  taken  at  the  mine 
and  at  the  cars.  One  of  these  test  cars  was  sent  to  Man- 
hattan, Kan.,  as  mine-run  coal  and  holler  tests  were  conducted 


In  general,  the  results  of  both  the  chemical  and  the 
boiler  tests  showed  that  considerable  saving  can  be  effected 
by  washing  coal  if  the  coal  contains  much  clinker  formative 
iTiaterial. 


"Electricity  in  Manufacturing"  was  the  subject  discussed 
.it  the  recent  meeting  of  the  New  Haven  Section  of  the 
American  Society  of  Mechanical  Engineers.  The  first  speaker. 
Prof.  C.  F.  Scott,  pointed  out  that  industry  is  essentially  the 
transformation  of  materials  from  the  raw  state  to  a  use- 
ful product  which  Involves  the  combined  efforts  of  labor  and 
power.  Industry  in  its  beginning  employed  human  labor  en- 
tirely, which  was  later  replaced  by  the  engine  and  an  end- 
less array  of  belts  and  shafting.  Present  industry  replaces 
these  with  a  new  link  between  the  engines  and  the  actual 
working  machines,  namely,  the  dynamo,  with  ramifying  wires 
to  motors  of  all  descriptions.  This  not  only  replaces  but 
adds  to  the  variety  of  operations  and  use  of  power.  Thus 
there  are  elect :oplating  baths,  electric  furnaces,  hoists,  mag- 
nets and  factory  and  office  lighting,  all  of  which  aie  obtain- 
able from  the  same  source. 

A  review  of  the  Industries  of  the  Pnlted  States  since 
IS70  shows  the  population  to  have  doubled  in  about  thirty- 
three  years,  the  value  of  manufacturing  proilucts  in  sixteen, 
the  horsepower  used  in  even  les.s.  while  since  1890  the  elec- 
trical horsepower  has  increased  by  leaps  and  bounds,  doubling 
In   three  or   four  years. 

Locally,  Connecticut  has  a  number  of  companies  operatin;' 
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cential  stations  which  furnish  power  to  manufacturers.  Of 
this  power,  a  large  amount  is  alternating  current,  testifying 
to  its  utility  in  operating  machinery.  These  companies  are 
rapidly  replacing  steam  units,  the  average  motor  sizes  run- 
ning from  10  to  25  hp.,  with  a  maximum  of  250.  The  central 
station,  which  makes  a  specialty  of  generating  power,  in  Pro- 
fessor Scott's  opinion,  is  often  able  to  do  this  much  more 
cheaply  than  individual  manufacturers,  and  at  the  same  time 
will  save  the  latter  the  bother  incident  to  looking  after  their 
own  plants. 

If  the  relative  costs  of  material,  labor  and  power  are  com- 
pared, it  will  be  found  that  material  and  labor  are  usually  of 
the  same  magnitude,  whereas  the  power  item  is  relatively 
small.  Taking  the  labor  cost  for  one  day.  the  corresponding 
power  cost  is  equal  to  the  labor  cost  of  half  an  hour,  the  light 
bill  to  that  of  five  minutes,  and  the  interest  on  the  money  in- 
vested in  the  motor,  and   repairs,   to  that  of  one  minute. 

The  power  cost  proving  to  be  relatively  small,  the  aim 
of  the  manufacturer  should  not  be  essentially  to  save  power, 
but  to  utilize  it  to  the  highest  degree  possible  to  do  part  of 
tire  work  which  labor  at  present  must  perform,  or,  by  time- 
saving  applications,  to  make  that  labor  more  efficient  and  in- 
crease the  production  or  quality.  It  may  also  effect  a  saving 
in  the  material  used,  by  improved  methods  or  processes  or  by 
certainty  of  operation.  "Its  very  flexibility  and  adaptability." 
said  Professor  Scott,  "must  make  electricity  a  valuable  agent 
in  transforming  materials." 

W.  L.  Merrill,  of  the  General  Electric  Co.,  next  presented 
an  illustrated  lecture  on  "Mechanical  Methods  of  Motor  Ap- 
plication." the  underlying  argument  being  that  the  manu- 
facturer of  a  product  must  cooperate  with  the  electrical  man- 
ufacturers, and  both  of  these  with  the  builders  of  machinery 
used  in  the  industry.  With  regard  to  individual  drive,  he 
pointed  out  that  simplicity  and  the  elimination  of  duplicate 
parts  for  producing  a  given  operation  are  necessary  for  its 
perfection.  As  a  rule,  the  more  direct  and  closer  the  motor, 
the  greater  the  efficiency.  Many  slides  were  shown  to  empha- 
size where  and  where  not  to  put  motor  drives.  In  particular, 
high  overhung  motors  are  undesirable  as  is  also  any  location 
leading  to  much  vibration. 

In  the  discussion  following,  Mr.  Flynn.  of  Hartford,  told  of 
using  electricity  in  bake  ovens  for  typewriter  machines  after 
japanning.  Electricity,  purchased  from  the  Hartford  Electric 
Light  Co.  at  the  extremely  low  price  of  0.9  cent  per  kw.-hr. 
was  responsible  for  a  saving  of  10  per  cent,  per  machine 
baked  with  much  greater  certainty  of  the   result. 

Other  points  emphasized  in  the  discussion  were,  that,  with 
electricity,  to  pull  the  switch  is  to  cut  off  the  expenditure  at 
once:  that  the  flywheel  inertia  of  pulleys,  shafting  and  belts 
is  often  needed,  but  is  many  times  forgotten  in  applying  mo- 
tors; that  with  motors  directly  applied,  quick  starting  and 
stopping  sometimes  cause  considerable  strain  on  shafts  and 
bearings  in  view  of  which  the  question  was  raised  as  to 
whether  a  belt  is  not  sometimes  good  in  the  capacity  of 
a  safety  valve. 

At  the  evening  session  S.  .1.  Morgan,  of  Boston,  read  a 
paper  on  "The  Electric  Motor  in  Manufacturing  Plants," 
pointing  out  that  the  keynote  of  progress  is  time,  or  rather 
the  intensified  use  of  time,  for  in  progressive  manufacturing 
it  is  necessary  to  use  every  second  out  of  the  sixty  and 
that  at  maximum  speed.  For  example,  the  cutting  time  on 
many  machines  is  only  one-third  of  the  total  used  on  a  piece, 
the  balance  being  consumed  in  making  adjustments:  conse- 
quently the  cutting  time  inust  be  used  at  maximum  efficiency. 

The  speaker  next  considered  various  styles  of  drives, 
recommending  in  general  the  individual  drive.  This  may  be 
more  expensive  in  some  cases,  but  the  extra  cost  may  be  paid 
in  a  comparatively  short  time  by  the  saving  in  power  and 
friction    load. 
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In  a  paper  before  the  American  Society  of  Mechanical  En- 
gineers, F.  W.  Dean,  of  Boston,  discussed  the  subject  of  dam- 
ages for  loss  of  water  power  ■when  a  stream  is  diverted  and 
suit  is  instituted  by  mill  owners  whose  plants  are  located  be- 
low the  point  of  diversion.  In  such  cases  the  value  of  the 
water  power  diverted  is  generally  determined  by  the  cost 
of  making  the  power  by  steam,  the  actual  value  being  the 
capitalization   of  the  saving  effected  by  the   use  of  water. 

On  the  one  hand,  power  can  be  produced  by  a  steam  plant, 
and  on  the  other,  by  water  power  combined  with  steam  to 
produce  a  uniform  supply  throughout  the  year.  If  the  an- 
nual charges  (fixed  and  operating)  of  the  steam  plant  exceed 
those  of  the  water  plant  and  auxiliary  steam  plant  combined. 
the   water   power   has   value,   but    if  less  it    has  no  value. 


The  theory  in  a  suit  of  this  kind  is  that  the  award  shall 
be  such  that  the  interest  thereof  shall  be  sufficient  to  equal 
the  exti-a  expense  caused  by  the  diversion.  This  rate  is  usu- 
ally taken  as  5  per  cent.,  although  this  is  often  the  subject 
of  argument. 

As  pointed  out  by  Mr.  Dean,  water  powers  are  seldom  de- 
veloped to  the  full  capacity  of  the  wet  months,  it  being  cus- 
tomary to  develop  to  the  average  power  of  the  eighth  or  ninth 
month  of  the  year,  when  the  stream  flows  are  arranged  in  the 
order  of  wetness.  In  this  connection  it  might  he  remarked 
that  the  calendar  order  is  without  significance. 

A  water  power'  produced  by  the  unassisted  flow  of  a 
stream  is  of  little  value  when  developed  to  the  customary 
e-xtent.  It  frequently  happens,  however,  that  areas  are  avail- 
able in  the  watershed  that  can  be  dammed,  and  overflowed 
in  the  wet  months  so  as  to  be  used  to  make  up  to  some  ex- 
tent the  deficiency  in  the  drier  season.  This  is  usually  done, 
and  is  a  saving  feature  of  water-power  development,  but  it 
probably  in  no  case  results  in  a  uniform  power  supply.  In 
such  developments  as  those  at  Niagara  and  Keokuk,  steam 
plants  are  not  necessary  because  the  power  required  for  a 
long  time  will  be  below  the  minimum  flow,  and  especially  at 
Niagara,  which  for  scenic  reasons  will  probably  never  be  de- 
veloped to  use  the  minimum  flow. 

AUXILIARY  STEAM  I'NITS 

The  most  economical  engine  to  install  depends  upon  the 
power  to  be  made  up  to  produce  a  steady  supply.  Between 
certain  limits,  the  author  expressed  the  belief  that  the  sim- 
ple non-condensing  type  was  the  most  economical.  Beyond 
this,  and  up  to  a  certain  other  power,  the  simple  condensing 
engine  should  be  used,  and  still  further  the  compound  con- 
densing engine  if  necessary.  Similar  arguments  apply  to  con- 
densing and  non-condensing  steam  turbines.  The  points  to 
be  considered  are  those  producing  the  greatest  net  economy 
as  made  up  of  fixed  charges  and  costs  of  operation.  In  every 
case,  an  engine  should  be  selected  that  will  be  well  overloaded 
in  the  driest  average  month  and  much  underloaded  in  the 
wetter  months:  and  the  requirement  of  the  months  of  the 
driest  year  should  also  be  considered. 

In  damage  cases  much  testimony  is  given  concerning  the 
economy  of  steam  plants.  It  is  well  known  that  such  econo- 
mies are  variable  and  differ  from  one  another.  In  some  cases 
good  plants  are  carefully  operated,  while  in  others  they  are 
neglected  and  incompetent  men  are  employed,  but  the  latter 
should  not  be  taken  as  criteria  for  basing  an  award  for  dam- 
ages. 

It  often  happens  that  the  power  to  be  made  up  through  th« 
diversion  of  the  stream  is  sufficiently  small  to  be  assumed  by 
the  existing  engine.  Of  course,  if  this  cannot  carry  the  addi- 
tional load  another  should  be  added,  but  if  an  expert  seeks 
only  to  obtain  the  highest  award  for  his  client  he  will  prob- 
ably advocate  an  additional  engine.  The  same  remarks  apply 
to  boilers. 

EFFICIENCY  OF  WATER  WHEELS 

The  maximum  efficiency  of  water  wheels  which  are  new 
and  clean  has  been  found  to  be  nearly  85  per  cent.  Wheels 
are  generally  so  made  that  the  maximum  efficiency  is  at  7C 
to  S5  per  cent,  gate  opening  on  account  of  the  probability  that 
the  gate  will  not  be  wide  open,  as  a  general  thing.  Moreover, 
it  is  impossible  to  keep  the  wheels  clean  as  they  become  rusty, 
coated  with  dirt  and  more  or  less  clogged  with  debris.  As 
the  supply  of  water  is  variable  and  small  at  times,  the 
usual  position  of  the  gate  is  likely  to  be  at  such  a  point  that 
the  average  efficiency  will  not  be  over  75  per  cent.  The  gate 
opening  which  corresponds  to  this  efficiency  is  from  45  to  55 
per    cent. 

Testimony  is  often  given  to  the  effect  that  the  average  effi- 
ciency of  water  wheels  is  as  much  as  80  per  cent.,  and  this  is 
used  in  estimating  the  power  loss,  while  an  examination  of 
efficiency  curves  and  contemplation  of  conditions  to  which  the 
wheels  are  subject  will  show  that  such  an  efficiency  under 
the  conditions  is  impossible. 


Wood  Pipe  for  Conveying  Water — "How  long  will  it  last?" 
is  a  question  asked  perhaps  more  tlian  any  other  concerning 
the  use  of  wood  pipe  for  irrigation.  That  the  life  of  such 
w-ood  pipe  should  be  at  least  20  years  if  the  pipes  are  fully 
exposed  and  supported  free  from  all  contact  with  the  soil:  if 
the  material  is  either  fir  or  redwood:  and  if  the  pipe  has 
been  properly  maintained,  is  the  conclusion  of  a  specialist 
of  the  U.  .S.  Department  of  Agriculture  in  a  professional 
paper  on  "Wood  Pipe  for  Conveying  Water  for  Irrigation" 
(Bulletin  No.  155).  Irrigation  engineers  and  the  owners  of 
irrigation  works  will  be  particularly  interested  in  this  new 
pamphlet,  which  may  be  had  free  of  charge  by  applying  to 
the    Department    of    Agriculture.    Washington.    D.    C. 
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^ERUMG  AFFAHRS 


Mountain  States  Ice  >fanufacturers  Association — The  sec- 
ond annual  meeting  of  the  Mountain  States  Ice  Manufacturers 
Association  will  be  held  at  the  Albany  Hotel.  Denver.  Colo.. 
Thursday,  Friday  and  Saturday.  Jan.  21.  22  and  23.  1915. 
•Tames   F.   Vandewark,   Fort   Collins,   Colo.,   is   secretary. 

Y.  M.  C.  A.  School  in  Retrigeration — The  West  Side  Y.  M. 
C.  A.,  31S  West  57th  St.,  New  York  City,  has  decided  to  offer 
courses  of  instruction  in  refrigerating  engineering.  The 
special  aim  of  these  courses  will  be  to  meet  the  special 
requirements  of  the  operating  engineer,  but  if  the  demand 
warrants  it,  design  courses  will  be  included.  Evening  classes 
will  be  offered  for  engineers  working  during  the  day  and  day 
classes  for  men  working  at  night.  Prof.  R.  L.  Shipman. 
recently  of  Cornell  University,  who  has  an  extensive  experi- 
ence as  operating  engineer,  will  act  as  director  of  these 
courses. 


F.  L.  Bunton,  for  the  past  two  and  one-half  years  manager 
of  the  Chicago  office  of  the  Heine  Boiler  Co.,  is  now  manager 
of  the  Chicago  office  of  the  Goulds  Manufacturing  Co.,  3801- 
3811    South   Ashland    Ave.,   Chicago,    111. 

Nicholas  S.  Hill,  Jr.,  consulting  hydraulic  and  sanitary  en- 
gineer, 100  William  Street,  New  York,  has  formed  a  partner- 
ship with  Smith  Farley  Ferguson,  and  will  continue  to  prac- 
tice with  him  under  the  firm  name  of  Nicholas  S.  Hill,  Jr.  and 
S.  F.  Ferguson.  Mr.  Ferguson  will  assume  charge  of  the 
office  management  and  the  finances  and  accounts  of  the  firm, 
as  well  as  of  the  awarding  of  contracts  and  of  the  ordering, 
inspection  and  delivery  of  materials  for  construction  work 
and  contribute  his  experience  in  the  design,  erection  and 
operation  of  steam  power  plants.  For  a  number  of  years 
past  he  was  president  of  Mackenzie,  Quarrier  &  Ferguson,  Inc., 
contracting  and  construction   engineers. 

Byron  T.  Burt  has  tendered  his  resignation  to  take  effect 
Jan.  1,  as  general  manager  of  the  Chattanooga  &  Tennessee 
River  Power  Co.,  and  he  will  be  succeeded  by  George  S.  Baker, 
who  has  been  auditor  of  the  company.  Mr.  Burt  will  go  to 
Buenos  Aires  early  in  the  year  as  manager  of  the  Soutli  Amer- 
ican Trading  Co.,  and  will  open  the  main  office  of  that  con- 
cern for  the  sale  of  American  manufactures  in  Argentina. 
He  was  manager  of  the  old  Chattanooga  Electric  Co.  until  its 
consolidation  with  the  Chattanooga  Railway  &  Light  Co. 
When  the  Chattanooga  &  Tennessee  River  Power  Co.  was 
organized  to  construct  the  pow-er  plant  at  Hale's  Bar  on  the 
Tennessee  River,  he  was  made  general  manager.  He  is  an 
electrical  engineer  and  member  of  several  national  scientific 
organizations. 


i-OLONEL,  E.   D.   MEIER 

Col.  Edward  Daniel  Meier,  eminent  engineer  and  manufac- 
turer, died  at  the  home  of  his  daughter  in  New  York  City, 
Dec.  15,  in  his  74th  year.  The  Immediate  cause  of  death  was 
heart  failure  and  hardening  of  the  arteries.  Ill  health  had 
kept  him  from  active  participation  In  business  for  over  a 
year.  The  funeral  services  were  held  from  his  home  in  St. 
Louis,  Dec.  17. 

Colonel  Meier  was  born  May  30,  1841,  in  St.  Louis,  Mo.,  the 
son    of    Adolphus    Meier,    a    prominent    Industrialist. 

After  a  scientific  course  in  Washington  I.'niversity,  St. 
Louis,  young  Meier  studied  for  four  years  at  the  Royal 
Polytechnic  School,  Hanover,  Germany.  In  1862  he  started 
as  an  apprentice  at  the  William  Mason  Machine  Works, 
Taunton,  Mass.,  but  soon  entered  the  army.  Here  he  served 
in  an  engineering  capacity  and  had  the  honor  to  receive  the 
surrender  of  Lieutenant-Gener.al  Hood.  His  colonelcy  was 
acquired  In  the  Missouri  National  Guard,  following  his 
activity  In  the  railroad  riots  of  1877.  He  declined  a  commis- 
sion as  brigadier-general. 

After  the  war  Colonel  Meier  was  for  a  year  connected 
with  the  Rogers  Locomotive  Works,  Paterson,  N.  J.,  and  In 
lSfi7  was  made  assistant  division  superintendent  on  the  Kansas 


Pacific  R.R.,  later  becoming  superintendent  of  machinery. 
After  his  resignation  in  ISTl,  due  to  ill-health,  he  took  an 
active  part  in  various  industrial  enterprises,  such  as  the 
coking  of  Big  Muddy  coals  and  the  smelting  of  Iron  Moun- 
tain ores.  He  was  chief  engineer  of  the  Illinois  Patent  Coke 
Co.  In  1872  he  was  manager  of  the  Meier  Iron  Co.  and  built 
its  blast  furnaces.  Prom  1873  to  1875  he  directed  the  ma- 
chinery department  of  the  St.  Louis  Interstate  Fair.  During 
this  time  he  was  actively  interested  in  the  St.  Louis  cotton 
industry  and  designed  machinery  for  baling  cotton,  first  with 
the  St.  Louis  Cotton  Factory  and  then  with  the  Peper  Hy- 
draulic  Cotton   Press. 

About  1884  Colonel  Meier  organized  the  Heine  Safety  Boiler 
Co.  for  the  development  in  the  United  States  of  the  water- 
tube  boiler  of  that  name,  and  was  its  president  and  chief 
engineer  until  his  death.  He  was  also  responsible  for  the 
introduction  of  the  Diesel  motor  into  the  United  States.  He 
visited  Germany  in  1897  to  investigate  it,  and  until  1908  was 
engineer-in-chief  and  treasurer  of  the  American  Diesel  En- 
gine  Co. 

Colonel     Meier    was    active     in    a     number    of    professional 


Colonel  E.  D.   Meieh 


organizations.  From  1S81  to  1SS4  he  v.as  treasurer  of  the 
.St.  Louis  Engineers'  Club  and  president  from  1SS9  to  IS90. 
During  the  latter  period  he  was  also  secretary  of  the  Ameri- 
can Boilci'  Manufacturers'  Association.  As  chairman  of  the 
committee  on  materials,  he  is  largely  to  be  credited  with 
both  the  first  and  second  sets  of  standard  specifications.  In 
1908  to  1909  he  was  president  ot  the  association  and  also  of 
the  Machinery  and  Metal  Trades  Association. 

In  the  American  Society  of  Mechanical  Engineers,  Colonel 
Meier  was  active  on  many  committees  and  was  twice  its 
vice-president,  serving  his  first  term  from  1S98  to  1900,  and 
beginning  the  second  in  1910.  He  was  elected  president  of 
the  society  for  the  year  1911. 

As  the  seventieth  birthday  of  Colonel  Meier,  retiring  pre.-ti- 
dent  of  the  society,  occurred  on  Memorial  Day,  1911,  during 
the  Pittsburgh  meeting,  a  large  number  of  the  members 
united  In  a  subscription  and  presented  him  an  illuminated 
address  of  congratulation,  and  also  asked  his  consent  to  give 
sittings  for  a  portrait.  The  artist  wns  D.Tni.'l  .1  strniii.  vl.-.>- 
presldent  of  the  Boston  Art  Club 
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CHARLES  A.   MOORE 

Charles  A.  Jloore,  president  of  Manning,  Alaxwell  &  Moore 
and  a  well  known  personality  in  the  engineering  supplies 
business,  died  of  heart  failure,  on  Dec.  9,  on  the  Holland- 
American  liner  "Rotterdam"  bound  for  Italy.  Mrs.  Moore 
was  with  him  on  the  trip.  Mr.  Moore's  health  has  been 
failing  for  the  last  few  years  and  he  has  not  actively  managed 
the   business   during   this  time. 

Mr.  Moore  v,as  born  in  TVest  Sparta,  N.  Y.,  in  1S4C  and 
was  orphaned  at  the  age  of  ten.  He  served  in  the  Navy 
during  the  Civil  War,  after  which  he  returned  to  Lj'nn,  where 
he   had   been  caring  for  an   uncle. 

In  1S73,  when  the  Ashcroft  Manufacturing  Co.  was  but  a 
small  hardware  concern,  Mr.  Moore  interested  himself  in  the 
company  and  gave  it  considerable  assistance.  It  was  not 
Ion.?  until  Mr.  Moore  was  active  in  several  companies  in 
New  England,  and  his  ability  as  a  salesman  and  an  organizer 
led  him  to  create  a  world-wide  selling  organization  devoted 
chiefly  to  steam  specialties.  In  ISSO  he  came  to  New  York 
and  was  active  in  forming  the  company  of  Manning,  Maxwell 
&  Moore.  Late  in  the  eighties  Mr.  Maxwell  died  and  in  1905 
Mr.  Manning  retired,  Mr.  Moore  purchasing  his  share. 

Mr.  Moore  was  a  member  of  the  American  Society  of 
Mechanical  Engineers  and  was  for  a  long  time  a  conspicuous 
figure  in  the  Republican  party.  He  was  a  noted  Protectionist 
and  was  for  some  years  president  of  the  American  Protective 
Tariff  League.  President  McKinley  and  he  were  close  friends, 
Mr.  Moore  accompanying  him  on  several  pleasure  and  cam- 
paign trips. 


cessful  along  these  lines,  and  was  personally  known  to  many 
identified  with  tliese  industries.  Most  of  these  acquaintances 
became  fast  friends  and  will  mourn  his  death.  Having  reached 
an  age  which   brought  with   it  wide   experience,   much   knowl- 


Chaeles   a.    ^\1ooi;e 

Mr.  Moore  was  identified  with  the  Shaw  Electric  Crane 
Co.,  the  Consolidated  Safety  Valve  Co.,  the  .\shcroft  Manu- 
facturing Co.,  the  Hancock  Inspirato:-  Co.,  and  the  United 
Injector  Co. 

CHARLES  A.   HOPPER 

The  announcement  of  the  death  of  Charles  A.  Hopper,  of 
the  Keystone  Lubricating  Co.,  of  Philadelphia,  which  occurred 
on  Nov.  29,  will  be  received  by  his  host  of  friends  with  keen 
sorrow. 

"Charley"  Hopper  was  possessed  of  those  characteristics 
which  radiated  good  nature  and  unconsciously  left  their  Im- 
print upon  those  fortunate  enough  to  know  him.  He  wan 
broad   minded,   capable  and  endeared  himself  to  all. 

He  became  associated  with  the  Keystone  Lubricating  Co. 
soon  after  its  organization  by  A.  C.  Buzby,  the  present  general 
manager,  and  together  they  labored  zealously- to  bring  it  to 
its  present-day  success.  Being  closely  associated,  it  was  but 
natural  that  Charley's  opinion  and  judgment  should  be  courted, 
and   the   loss  created  by  his  death   seems   irreparable. 

Having  a  capacity  for  administrative  salesmanship,  he  took 
up  that  department  of  the  business  which  included  steam  en- 
gineering,   power   plants   and   mills.      He  was   remarkably   suc- 


"Charley"  Hoppee 


edge  and  an  appreciation  of  life's  demands,  it  was  expected 
by  those  associated  with  him  in  his  work  that  many  years 
of  usefulness  would  be  his  lot.  Realization  of  the  loss  of  a 
friend  will  be  more  poignant  to  those  who  will  miss  dally  his 
inspiring  presence. 

He  was  a  member  of  the  National  Association  of  Stationary 
Engineers  and  various  societies,  among  them  the  Red  Men, 
I.  O.  of  A.  and  the  A.  O.  U.  W. 


^USIHESS   STEMS 


The  Jeffery-Griner  Machinery  Co.,  Bourse  Building,  Phila- 
delphia, Penn.,  has  completed  arrangements  for  handling  the 
Neemes  Bros.  (Troy,  N.  Y.)  grates  in  the  Philadelphia  terri- 
tory. 

J.  n.  Dougherty,  formerly  with  the  Engineering  Depart- 
ment of  the  Jeanesville  Iron  Works,  of  Hazleton,  Penn.,  has 
joined  the  staff  of  the  Northern  Equipment  Co.,  Erie,  Penn., 
in   the   capacity   of  designing   engineer. 

In  order  to  properly  handle  business  in  the  central  district, 
the  Power  Specialty  Co.,  Ill  Broadway,  New  York,  has  found 
it  necessarj'  to  move  its  Chicago  office  from  Peoples  Gas 
Building  into  more  commodious  quarters  in  the  Harris  Trust 
Building. 

Betson  Plastic  Fire  Brick  Co.,  Rome,  X.  Y.,  is  moving  into 
a  much  larger  plant,  with  increased  facilities,  in  order  to 
take  care  of  its  continually  growing  business,  and  after  Dec. 
1  will  be  located  at  244-246  E.  Dominick  St..  Rome,  N.  Y. 
The  post  office  address  is  box   372. 

Orr  &  Sembower,  Inc.,  Reading,  Penn.,  manufacturers  of 
vertical,  horizontal,  marine  and  hoisting  steam  engines,  verti- 
cal, horizontal  and  locomotive  boilers  and  vertical,  horizontal 
and  hoisting  gasoline  engines,  have  opened  a  permanent 
exhibition   in  the  Bourse,  Philadelphia,  Penn. 

The  Hunter  Fan  &  Motor  Co.,  of  Fulton.  N.  Y..  has  sold 
its  controlling  interest  in  the  Kitts  Manufacturing  Co.,  Oswego, 
N.  Y.,  to  Marvin  E.  King  and  James  Parker,  manager  and 
superintendent  of  the  Kitts  Manufacturing  Co.  Messrs.  King 
and  Parker  will  continue  along  the  same  lines  of  manufactur- 
ing and  will  broaden  the  line  to  the  extent  of  vacuum  heating 
engineering  "work. 

The  Stephens-Adamson  Manufacturing  Co..  Aurora.  111.,  is 
changing  the  electrical  equipment  throughout  its  shops,  using 
individual  motors  and  group  drives.  Tests  have  been  made 
on  all  machines,  and  the  results  assure  a  considerable  saving 
in  pow-er  cost.  Plans  are  also  being  prepared  for  another 
structural  steel  shop;  construction  of  the  same  to  be  begun 
immediately  after  the  first  of  the  year.  This  will  be  the 
eighth  building  of  the  company's  plant.  This  company  re- 
ports a  very  satisfactory  increase  in  its  business  during  the 
present  year  and  a  most  encouraging  outlook. 
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SYXOPSIS — In  designing  the  power  pJanl  of  the  new 
bakery  for  the  Acme  Tea  Co.,  Philadelphia,  Pcnn.,  the 
primary  ohjects  were  efficiency  and  provision  against  in- 
terruption to  the  hread-making  process  by  failure  of  the 
power  supply;  the  doughs  must  be  worled  within  a  com- 
paralirely  short  time.  Any  failure  in  the  daily  supply  of 
bread  and  cake  is  a  loss  to  over  2^0  company  stores. 

Practically  three  sources  oi  power  supply  have  been 
]u-ovided  i'or  the  new  bakery  of  the  Acme  Tea  Co.,  at 
2.Jth,  York  and  Hagert  Sts.,  Philadelphia,  I'enn.,  two  be- 
ing obtained  by  duplicate  boilers,  engines  and  generators, 
and  the  third  by  an  emergency  service  connection  with  the 
street  mains  of  the  Philadelphia  Electric  Co. 

The  steam  plant  is  in  the  basement  at  the  Hagert  St. 
end  of  the  main  building.  Pig.  1,  and  is  so  isolated  as 
to  ])revent  dust  from  coal  or  ashes  rea<-hing  the  interior 
of  the  luiildiiii;-. 


Fid.  1.    Baeeky  of  the  AciiE  Tea  Co. 

For  the  steam  supply,  there  are  two  370-hp.  down- 
flow  water-tube  boilers.  Fig.  2,  the  furnaces  of  which 
are  equipped  with  shaking  grates.  Draft  is  provided  by 
a  radial  brick  chimney  having  an  inside  diameter  of  5  1 
in.  at  the  top  and  a  height  from  the  boiler-room  floor  of 
127  ft.  10  in. 

Electrical  power  is  used  in  the  plant,  except  in  a  few 
instances,  and  is  applied  by  individual  motors  for  each 
machine  wherever  possible,  shafting  being  practically 
eliminated.  An  alternating-current,  220-valt,  two-jaha-se, 
60-cycle,  four-wire  system  is  used  so  as  to  switch  to 
the  lireak-down  service  without  intermediary  appara- 
tus. This  220-volt  current  also  permits  the  rise  of  squir- 
rel-cage motors,  which  are  particularly  suitable  for  the 
service  because  of  the  flour  dust.  The  break-down  ser- 
vice enters  the  building  underground  and  is  connected 
to  independent  bu.sbars  on  the  main  switchboard;  its  ca- 
])acity  is  equal  to  either  of  the  two  generating  units. 

Gexekatixg  Uxits 
For  generating  electrical  energy  there  are  two  hori 
zontal,  center-crank,  tandem-compound,  direct-connected 
engines,  with  ISi^-in.  diameter  high-pressure  and  SOi/g- 
in.  diameter  low-pressure  cylinders,  16-in.  stroke,  run- 
ning at  22.5  r.p.m.  These  engines  are  guaranteed  to  de- 
velop 202  i.lip.  at  the  most  economical  point  of  cutoff 


with  a  steam  pressure  at  the  throttle  of  125  lli..  a  back 
pressure  of  M  lb.  and  a  steam  consumption  at  full  load 
of  221/2  lb.;  three-fourths  load,  231/0  lb.,  and  one-half 
load,  261/2  lb.  One-half  of  one  per  cent,  regulation  is 
guaranteed  at  20  lb.  above  or  below  the  normal  steam 
pressure  and  one  per  cent,  regulation  from  no  load  to  full 
load,  the  engine  re>-uming  it^  normal  speed  in  three  rev- 
olntumv. 


Fig.  2.    The  270-Hp.  Down-Flow  BoiLi.i;,s 

Direct-connected  to  each  of  these  engines  is  a  240-volt, 
fiO-cycle,  two-phase,  30-pole,  150-kv.-a.,  120-kw.  at  80 
per  cent,  power  factor,  engine-type,  revolving-field,  alter- 
nating-current generator,  at  225  r.p.m.  Each  generator 
has  an  8-pole,  10-kw.,  125-volt,  direct-connected  e.xciter. 
The  generators  are  guaranteed  to  have  a  regulation  at 
100  per  cent,  power  factor  of  within  6  per  cent,  and  at 
80  per  .cent,  power  factor  of  within  20  per  cent.,  the 
engine  regulation  being  as  above.  The  temperature  rise 
with  full  load  at  80  per  cent,  power  factor  is  not  to  ex- 
ceed 35  deg.  C.    Fig.  3  is  a  view  of  the  engine  room. 

Pirixii 

The  high-pressure  piping  system  is  for  125  lb.  working 
pressure  and  is  insulated  with  85  per  cent,  magnesia  co\- 
ering.     A  10-in.  steam  header  runs  above  the  boiler^  to 
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tlie  engine  room,  from  whicli  connections  arc  made  to 
the  several  units.  There  is  a  6-in.  connection  between 
each  boiler  and  the  header,  a  safety  nonreturn  angle  valve 
being  placed  at  the  boiler  and  a  gate  valve  at  the  con- 
nection to  the  header.  In  the  engine  room  a  separate  con- 
nection, valved  at  tlie  header,  is  made  to  each  of  the  two 
higli-speed  engines  and  to  the  Corliss  engine  operating 
tlie  ammonia   compressor  for  the   refrigerating   system. 


unit  of  i-adiation,  also  on  tlic  blower  coils  and  at  drip 
points,  a  thermostatic  valve  automatically  relieves  the 
radiators  and  piping  of  air  and  water  of  condensation 
and  prevents  the  escape  of  steam.  All  returns  are  con- 
veyed to  a  vacuum  pump  in  the  engine  room  and  discharge 
through  an  air-separating  tank  to  the  feed-water  heater. 
Because  of  the  ovens,  heating  in  the  bake  I'oom  would 
be  superfluous  when  they  are  in  operation,  and  therefore 


l-'in.  .!.     \'i];w 


riii:  I'.xuixi;  IJooji  ok  Tin:  Acme  Tk.v   t'o. 


Branches  from  the  header  supply  the  dec])-wcll  pump,  the 
Underwriters  11  ri'  pumj)  and  the  steam  ])unip  used  for 
brine-circulating  ])urposes.  A  5-in.  branch  is  also  taken 
from  this  hoa<ler  to  supply  the  steam-opurateil  boiler- 
feed  pump  and  also  tlirough  separate  reducing  valv(>s  the 
low-pressure  steam  lijie  to  the  ovens  and  humidifier.  This 
brancli  also  supplies  any  low-pressure  steam  required  to 
supj)lenieut  the  exhaust  steam  for  the  vacuum  steam- 
jieating  system.  A  ])]an  of  the  jjlant  and  piping  is  shown 
ill  Fig.  4. 

(Ii;.\riN'G 

Direit  radiation  is  used  for  the  heating  system  e.xccjit 
in  the  mixing  room  ;  here  the  blower  system  is  eniployed. 
All  direct  radiation  i.s  in  tlie  form  of  cast-iron  wall  nulia- 
tors  on  the  side  walls  and  of  pipe  coils  of  manifold- 
header  type  with  expansion  benda  on  the  ceiling  of  the 
coolin;^  room  and  the  driveway.     On  the  return  of  each 


only  a  small  amount  of  radiation  is  provided  to  ]irevent 
freezing  when  the  ovens  are  not  in  service. 

SWITCIIIXC.    ApI'.M!.VTI!S 

l''(ir  the  electrical  system  the  main  switi-lit)oard  of  pol- 
ished liluc  X'crmont  marlile  consists  of  two  generator 
|iaiiels.  a  total-load  panel  and  one  light  and  one  j)ower 
feeder  panel.  Each  generator  panel  has  a  separate  volt- 
iiieler  and  ammeter  for  each  of  the  two  j)hases  of  the 
system  and  an  ammeter  and  voltmelcr  for  the  exciter. 
Double-pole  circviit-breakers  are  ])ro\i(lcd  on  each  phase, 
together  with  a  four-pole  main  switili,  exciter  and  field 
>witches  and  (here  are  )ilug  reie]i(acles  for  testing  for 
iirounds  and  for  .synchronizing.  The  rheostats  for  the  gen- 
erators and  exciters  are  of  the  concentric  type.  The  total 
load  j)ancl  has  a  power-factor  indicator,  voltage  regulator, 
ail  equalizer  rheostat  for  the  two  exciters,  and  two  watt- 
hour  meters,  one  for  light  and  the  other  for  power. 
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All  oT  tlic  switchos  on  the  pnwcr  iiiul  liirhtiiiff  Teeder 
]iniiels  are  of  the  double-throw  type  ;ind  are  eoimeeted  to 
separate  busbar.s  in  tlie  roar  ol'  the  hoard.  Thus,  eitlier 
ilie  break-down  service  or  tlie  current  from  the  gener- 
ators in  the  engine  room  can  he  supt)lied  interchangeably 
to  any  feeder  without  interfering  with  the  current  sup- 
plied to  any  of  the  other  feeders.  This  makes  it  possible 
lor  I  he  outside  current  to  supi)lenient  that  from  the  gen- 
eratoi's  in  the  engine  room,  or  to  use  the  outside  current 
and  that  from  the  generators. 

("able  connections  from  the  switchboard  to  the  genera- 
tors and  exciters  are  made  through  iron  conduit  buried  in 
the  floor  and  passing  through  the  concrete  foundations  of 
the  engines  to  the  pit  under  the  generators,  where  c'onnec- 
tions  are  made  to  the  a'enerator  and  e.xciter  luus. 


engine  rcxnn.  An  elevation  of  the  ])ump  [liping  is  shown 
in  Fig.  5. 

The  city  su))ply  has  a  pivssure  of  from  10  to  4-f  lb. 
and  is  ordinarily  sutKcient  to  lill  both  the  sprinkler  and 
the  house-supply  tanks.  A  :;-in.  line  from  the  city  main 
is  brought  to  the  pump  area  in  the  engine  room,  from 
which  a  2-in.  branch  is  extended  to  the  house-supply  and 
sprinkler  tanks,  both  of  which  are  (illed  at  the  top  through 
a  balanced  taidv  valve  automaticaly  o])ening  when  the 
water  level  in  the  tank  falls  and  closing  agaiust  pres- 
sure when  either  tank  is  tilled. 

From  the  bottom  of  the  house-supply  tank  an  inde- 
pendent fi/^-in.  supply  line  is  extended  for  filling  the 
flnshometer  tank  above  the  roof  of  the  building.  This 
water-supply  is  for  the  water-closets  and   urinals,  thus 
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Pig  4.     Plax  of  Power  Plant  Showixg  the  Main  Steam  Piping 


The  lighting  system  consists  of  five  four-wire.  320- 
volt  feeders,  extended  to  the  centers  of  distribution 
throughout  the  building,  where  the  four-wire  lighting 
panel  boards  have  a  four-pole  switch  at  each  panel  board 
to  control  all  the  lighting  on  it ;  two-pole  switches  are 
used  to  su])ply  the  i)ranch  circuits. 

In  any  room  requiring  more  than  one  lighting  cir- 
cuit they  are  lialanced  on  the  two  phases  of  the  sys- 
tem, and  in  case  of  large  rooms  having  .several  ceiling 
circuits,  [)roper  balance  is  secured  by  ])laeing  every  al- 
tci-nate  circuit  on  the  same  phase,  the  remaining  circuits 
being  on  the  other  phase.  The  lighting  units  consist  of 
tungsten-iilament  Iam]is  in  as  large  units  as  practicable 
for  the  room  to  be  lighted. 

WAri-;:;- Supply 

There  are  two  sources  of  water-supply,  one  from  the 
city  main   and  the  other   from   an   artesian   well    in    tlic 


separating  it  from  the  su])])ly  to  the  other  parts  of  the 
building. 

A  second  independent  fi^-in.  drop  line  is  taken  from 
the  iiottom  of  the  tank  and  extended  to  two  filtei-s 
through  which  all  water  for  drinking  or  bread-making 
purposes  is  obtained.  From  the  filters  a  fl^-in.  line 
is  carried  to  the  preparation  room  in  the  second  story, 
at  which  ]K)int  two  branches  are  taken  off,  one  supplying 
an  automatic  brine-coil  water-cooler  and  the-  other  an 
automatic  hot-water  heater.  Another  branch  from  the 
3-in.  water-su])ply  in  the  engine  room  sujiplies  the  boilei'- 
feed  pumjis,  the  makeup  water  for  the  feed-water  heater, 
the  double-)iipe  ammonia  condenser  coils  of  the  refriger- 
ating system,  the  humidifying  system  in  the  dough  room, 
and  the  water  jackets  on  the  dough  mixers. 

The  artesian  well,  which  furnishes  the  other  sources 
of  supply,  is  S  in.  in  diameter,  is  lined  with  wrought-iron 
pipe  to  solid  rock  and  has  a  depth  of  250  ft.     This  well 
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is  operated  by  a  direct-connected,  steam-driven,  double- 
acting  well  pnmp  liaving  steam  cjdinder  10  in.  in  diam- 
eter, a  well  cylinder  5%  in.  and  a  36-in.  stroke.  The 
water  cylinder  is  approximately  150  ft.  below  the  engine- 
room  floor. 

This  pump  has  a  combined  check  valve  and  air  cham- 
l)er  and  a  1^-in.  pump  governor  attached  to  the  steam 
supply  and  connected  to  the  discharge.  It  is  also  pro- 
vided with  a  relief  valve  discharging  to  the  sewer  through 
a  connection  open  to  the  air.  The  pump  is  guaranteed 
to  deliver  137  gal.  of  water  per  min.  at  20  r.p.m.  with  a 
steam  pressure  of  70  lb.  Upon  test  it  developed  a  ca- 
jjacity  of  165  gal.  per  min.  at  the  speed  mentioned  and 
a  capacity  of  275  gal.  per  min.  at  3-t  r.p.m. 

The  water  from  the  well  at  a  temperature  of  56  deg.  is 
delivered  by  the  deep-well  pump  to  a  surge  tank  near  the 
ceiling  iu  the  second  story,  from  which  tank  the  water 
<roes  by  gravity  to  the  humidifying  system,  condenser 
roils  and  feed-water  heater  in  the  order  named.  In  the 
Ininiidifier  it  will,  in  times  of  maximum  demand  in  sum- 
mer, be  raised  to  not  exceeding  70  deg.,  after  which  it 
will  overflow  from  the  humidifier  and  pass  to  the  cou- 


thc  building,  or  by  the  manipulation  of  valves  the 
deep-well  pump  can  supply  ]iractically  any  group  of  ap- 
paratus rn  the  building  while  the  city  service  is  sup- 
plying any  other  group.  The  system  has  been  devised 
for  the  most  economical  use  of  water  from  either  the  city 
service  or  the  deep-well  pump.  All  cooling  water  is 
conserved  for  use  where  it  will  be  of  the  most  advan- 
tage, so  that  the  heat  units  once  imparted  are  conserved 
jirogressively  until  the  water  is  converted  into  steam, 
thus  reusing  the  water  to  prevent  waste. 

By  the  cross-connection  of  the  water-supplies  these 
economies  can  be  obtained  either  with  the  well  or  city 
water.  If  the  well-water  siipply  is  short,  this  water  can  be 
used  where  most  needed  for  cooling  purposes,  namely,  in 
the  humidifier  and  condenser  coils,  supplemented  by  city 
water  in  any  other  parts  of  the  system. 

Refuiger.vtixg  System 

For  the  refrigerating  system  a  35-ton  ammonia  com- 
pressor is  directly  connected  to  a  Corliss  engine  with  a 
three-section,  double-pipe,  closed-type  condenser.  Cool- 
ing throughout  the  plant  is  performed  by  the  circulation 
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denser  coils.     Even  at   70  deg.,   this  overflow  water  in  of  calcium  brine  to  the  cold-storage  room  in  the  liascmeut, 

passing  through  the  humidifier  will  be  cooler  than  the  to  the  refrigerator  in  the  second  story,  the  water  cooler 

water  in  the  city  mains  during  the  hot  summer  months,  in  the  preparation   room,  and  to  supplement  the  well- 

and  will  for  that  reason  be  more  economical  to  use.  Pro-  water  supply  to  the  humidifier  in  the  mixing  room  in  cx- 

vision  is  also  made  for  automatically  passing  direct  to  the  cessively  hot  weather.     A   brine   cooler  and  one  steam 

condenser   at   its   original   temperature   any   well   water  pumj)  and  one  electrically  driven  brine-circulating  pump 

not  needed  bv  tiie  humidifier,  without  interference.  are  in  the  basement.     There  is  a  brine-storage  tank  to 


No.    Equipnifn 

Kind 

.SiK 

2  Boilers 

Parkf  r  down-flow 

270  hp 

2  Cratos 

M.C-l:.vo 

1  Clhimn.v.. 

.  rt.iaian.ri.-k 

127'  10"  X  a 

2  Eniiim-s,... 

Skinnci ... 

.    135it201xlO 

2  CIonrratoiM. . 

.   AUcrnatiriK  nirrrnt 

.    loOkv.a... 

2  Clnnorators, . 

.   Direct  dirrcnt 

.    10  kw 

2  VaUcs 

Pnlanccd 

2  FiltTS 

.  V.at'-r 

1   Pump 

.    Dc-epv.ll 

lllT.-.IV-l"-." 

1  fiovomnr. . . 

.   Pump. 

1  Compre,''sor . 

.   Ammonii 

.;,.  1... 

PRINCIPAL  EQUIPMENT  OF  THE  POWER  PLANT  OF  THE  ACME  TEA  COMPANY 

Opcratine  Conditions 

One  hpld  in  rpsor\'p 

Hand  shakinc 

Natural  dr-itl 

225  r.p.m.,  125  lb.  pressure 

225  r.p.m..  220  volt,  2  plia,so.  60  r> 
125  volt.  225  r.p.m.. 
Automalir 


draft 
nib.. 


Ma 

Main  Rencrator 

Exciter  unit*. 

Tanks  for  house  suppi; 

House  water  supply 

PnmpinR  from  deep  well .  .   &t«am  driv 

On  deep  well  pump 

ncfrinerating  8.v8tom Steam  driv 


Maker 
Parker  Roller  Co. 
McClavc-Brooks  Co. 
II.  R.  Hciniekc 
Skinner  Engine  Co. 


Thomas  P.  Ford  Co. 
I!ol).Tt«  Filter  MfB.  Co. 
.\inerioan  Well  Works  Co. 
Watson  &  McDanicI  Co. 
\ilter  Mf(t.  Co. 


After  passing  through  the  rondenser  coils  the  water  is 
rai,-ed  from  70  deg.  or  under  to  95  deg.  or  over,  and  is 
then  discharged  to  be  used  as  inakeu])  water  for  the 
feed-water  heater,  and  raised  to  about  210  deg.  before 
going  to  the  boiler.  Any  of  this  water  not  required 
for  feed  water  then  automatically  overflows  to  the  sewer 
bv  gravity. 


give  a  reserve  capaciiy  and  iiiidcr  unnecessary  the  <'oti- 
tiinious  operation  of  the  refrigeralion  sy,stem  ami  to  allord 
o]i]iortunity  for  changes  or  rc]iairs. 

Si'iMNKi.Ei!  System 

For  lire-protection,  a  30.n00-gal.  .-prinkier  tank  30  ft. 
ai)ove  the  roof  .supplies  the  automatic  sprinklers  on  the 


The  discliarge  line  from  the  deep-well   pump  is  con-  wet-pipe  .system  e.xccpt  in  the  wagon  shed,  where,  owinf: 

nected  to  the  main  supplying  the  water  from  the  city  to   the   po.«sil)ility   of   freezing,    tlii>   drv-])ipe   system    is 

service,  with  valves  so  arranged  that  the  city  service  or  used.     A  1000-gal.   Underwriters  steam  fire  pump  pi|)ed 

the    deep-well    water   can    l>e    used    interchangeably    for  to  the  city   water  mains  supplements  the  gravity  tank 
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in  sup^ilying  the  sprinkler  sy.-^tem.  A  feature  of  the 
piping  in  the  hake  room  is  that  of  running  the  sprinkler 
mains  through  the  deep  girders  hy  means  of  pipe  sleeves 
put  in  the  forms  hcfore  the  loncretc  was  poured,  thus 
permitting  hoth  mains  and  branches  to  be  placed  near  the 
ceiling  and  neither  form  an  obstruction  nor  mar  the  fin- 
ished a])pearance  of  .the  room. 

A  steam-driven  air  compressor  maintains  the  jiressure 


on  the  dry-pipe  sprinklers  and  is  also  utilized  in  connec- 
tion with  an  air-storage  tank  for  supplying  compressed 
air  to  outlets  throughout  the  building  for  blowing  flour 
dust  from  the  motors  and  other  machines. 

Tioth  the  design  of  the  building  and  the  installation  uf 
the  complete  mechanical  ecpiipment  were  in  charge  of  the 
arcbitecfural,  structural  and  mechanical  departments  of 
Ballinger  &  Perrot,  Philadelphia,  Penn. 


TSiinigs  ©f  Iimtleresft  iim  Receimt  T^rbiine 


.'<)'.\orSFS — Considers  the  most  inijiortaiit  of  tJiose 
rliniii/rs  in  desiyn  and  muteri(ds  titat  liare  developed  large 
turbines. 

Large  Tuehixes  ix  Laxd  Practice 
At  tlie  Smart  St.  station  of  the  Manchester  (Kng.) 
Corporation,  a  Zoelly  impidse-type  turbine  driving  a  Sie- 
mens alternator  of  15,000-kw.  capacity  has  recently  been 
installed.  The  Xew  York  Edi.son  Co.  has  a  30,d00-hp. 
Curtis  unit  at  its  Waterside  Station,  Xcw  York  City. 
The  luterborough  Eapid  Transit  Co.,  of  the  same  place, 
will  have  tliree  Westinghouse  turbines  of  30.000  kw.  each. 
Each  unit  is  divided  into  two  sets  mechanically  independ- 
ent of  each  other,  but  as  a  heat  engine  the  unit  of  two 
rotary  elements  umst  be  regarded  as  one  machine.  The 
Kommunale  Elektrizitatswerke  at  Hagen,  Germany,  has 
installed  a  Brown-Boveri  turbo-alternator  giving  a  max- 
imum output  of  25,000  k^v.  at  11,000  volts.  The  Phila- 
delphia Electric  Co.  has  put  in  two  horizontal  turbo-gen- 
erators, one  of  30,000  kw.,  25  cycles,  the  other  of  35,000 
knv.  and  furnishing  current  at  60  cycles.  These  examples 
ilhistrate  the  enormous  capacities  which  have  now  been 
obtained  in  steam-turbine  land  practice. 

^Iarine  Turbines  of  Large  Capacitie.s 
At  sea.  large  steam  turbines  are  being  introduced.  In 
a  paper  whicli  Sir  Charles  A.  Parsons  read  in  ^larcii, 
1913,  before  the  Institution  of  Naval  Architects,  summar- 
ized in  International  Marine  Engineering,  June,  1913, 
he  pointed  out  that  there  were  in  service  cargo  steamers, 
channel  steamers  and  warships  about  26,000  hp.  devel- 
o])e<l  by  steam  turbine  and  transmitted  through  me- 
chanical gearing.  At  the  time  when  he  gave  this  lecture, 
there  were  under  construction  turbine  machinerj^  and  me- 
chanical gearing  representing  a  transmisision  of  over  1 20,- 
000  hp.,  including  two  installations  of  over  20,000  lip. 
each.  In  other  large  vessels  the  efficiency  of  the  steam  in- 
stallation is  due  chiefly  to  combining  exhaust-steam  tur- 
liines  with  large-capacity  reciprocating  engines.  Harland  & 
A\'olfl',  Ltd.,  have  specialized  on  this  combination  of  pro- 
pelling machinery,  and  in  the  White  Star  liner  "Britan- 
nic," for  examide,  the  steam  drawn  from  the  exhaust  of 
the  reciprocating  engine  passes  at  about  10-lb.  pressure 
into  an  exhaust-steam  turbine  which  develops  18,000  hr . 
Tlu'  "Aquitania,"  built  by  John  Brown  &  Co.,  Ltd.,  of 
Clydebank,  is  propelled  by  Par.sons  turbi-nes,  arranged 
on  a  triple-ex])ansion  system  and  driving  four  propellers, 
the  total  horsepower  being  56,000.  The  introduction  ol 
the  steam  turbine  has  been  made  extensively  in  l)attle- 
shi])  design  and  T.  G.  Owens,  of  Viekers,  Ltd.,  in  a  paper 
read  recently  at  the  Institution  of  Naval  Architects,  Eng- 


laml.  on  "Questions  IJclating  to  Battleship  Design,'"  as 
rejiorted  in  the  engineering  supplement  of  the  London 
Times,  stated  that  whereas  the  power  obtained  on  pre- 
dreadnaught  vessels  was  10.2  i.hp.  per  ton  of  machinery, 
the  shaft  horsepower  olitained  per  ton  in  the  earliest  tur- 
bine-driven battleships  was  12.25  to  13.75. 

The  increase  of  efficiency  in  large  power  units  is  a 
marked  property  of  the  steam  turljine,  and  since,  as  com- 
pared with  other  forms  of  prime  movers,  the  boiler  and 
steam  turbine  unit  does  not,  perhai^s,  stand  highest  in 
thermal  efficiency,  the  increase  in  efficiency  olitained  by 
the  increase  in  size  of  the  unit  is  of  importance. 

One  of  the  main  reasons  why  the  s-team  turbine  has  ob- 
tained such  wide  ap]dication  as  compared  with  other 
forms  of  units  is  that  while  as  contrasted,  say,  with  an 
internal-combustion  engine,  the  thermal  efficiency  of  the 
whole  plant  may  Ije  slightly  lower,  standing  charges  on 
the  initial  cost  of  the  turbine  plant  are  low  and  the  cost 
of  maintenance  and  supervision  is  low.  Botii  of  these 
factors  are  dependent  on  the  simplicity  of  turbine  de- 
sign and  construction. 

Performances  of   So.me  Large  Turbines 

To  sliow  the  performances  olitained  with  large  steam 
turbines,  figures  given  by  the  Electrical  Review  of  Lon- 
don for  the  Brown-Boveri  turbine  referred  to  may  be 
mentioned.  When  working  with  steam  at  350  deg.  C 
(662  deg.  F.)  and  13.5  atmo.spheres  (200  lb.  pressure) 
and  at  1000  r.p.m.  this  nuu-hine  has  a  guaranteed  steam 
consumption  of  5.2  kg.  (11.46  lb.)  per  kilowatt-hour  at 
normal  load;  5.43  kg.  (11.97  lb.)  at  three-quarter  load; 
5.85  kg.  (12.89  lb.)  at  half  load.  The  30,000-kw.  Phil- 
adelphia turbine  is  supplied  with  steam  at  215  lb.  pressure 
at  the  throttle,  superheat  not  exceeding  200  deg.  P.,  and 
back  pressure  not  exceeding  II/2  in.  of  mercury.  This  is 
guaranteed  for  12.45  lb.  per  kilowatt-hour  at  15,000  kw., 
11.9  lb.  at  22,500  kw.,  and  12.75  lb.  at  30,000  kw.  The 
35,000-kw.  machine  is  guaranteed  under  the  same  condi- 
tions for  12.9  lb.  of  steam  at  15,000  kw.,  11.9  lb.  at 
25,000  kw..  12  lb.  at  30,000  kw.,  and  12.6  lb.  at  3.5,000 
kw.  Considering  a  smaller  machine,  the  15,000-kw.  sef  at 
Manchester  {i^ee  Electrical  Review,  London,  July  3,  191  1) 
with  190  lb.  pressure  steam  at  a  total  temperature  of 
530  deg.  F.,  27i/^-in.  vacuum  and  power  factor  of  0.95, 
is  guaranteed  for  16.95  lb.  of  .steam  at  quarter  load,  1  1.92 
lb.  at  half  load,  14.12  lb.  at  three-quarter  load,  13.65  lb. 
at  full  load,  and  14.25  lb.  at  25  per  cent,  overload. 

Floor  Space  Needed  p.t  I^Ai;(iE  Tuuimnics 

One  of  the  noteworthy  features  of  modern  turbine  de- 
sign is  the  economy  of  space.     In  the  case  of  the  turbo- 
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geuerator  sets  installed  for  the  Intcrhorouwli  IJapitl  Tran- 
sit Co.,  the  necessary  space  was  obtained  by  clearing  out 
four  engine-driven  sets  of  the  slow-speed  Corliss  type 
which  had  a  combined  capacity  of  only  28,000  kw.  Each 
(if  the  old  sets  had  two  horizontal  high-pressnre  cylinders, 
cac'h  44  in.  diameter,  and  two  vertical  low-pressure  cyl- 
inder.s,  each  88  in.  diameter  with  a  common  stroke  of  (iO 
in.  The  total  cajiacity  to  be  pnt  in  the  same  space  is 
90,000  kw.  for  the  turbines.  The  25,000-kw.  turbo-al- 
ternator at  Hagen  occupies  a  floor  space  of  16x4.2  meters 
(722.78  sq.ft.),  this  being  the  equivalent  of  a  floor  space 
of  0.029  sq.ft.  per  kilowatt  of  capacity. 

Vertical  turbines  have  been  largely  installed,  but,  as 
pointed  out  by  R.  F.  Halliwell  in  a  paper  before  the  Man- 
chester Association  of  Engineers  (see  Vulcan,  Sep- 
tember, 1913),  although  the  vertical-shaft  arrangement 
was  satisfactory  in  running,  it  was  fotind  that  for  large 
units  an  excessive  amount  of  head  room  was  necessary. 
The  horizontal  arrangement  presents  advantages  in  access- 
ibility and  tlic  more  favorable  position  of  the  generator. 
In  some  ])laces  where  space  was  costly,  it  has  been  found 
advantageous  with  reaction  turbines  to  combine  an  im- 
pulse element  to  save  length  on  the  turbine,  as  pointed 
(inf  by  A.  Q.  Carnegie  in  the  discusssion  on  a  pajier  by 
W.  C.  Mountain,  before  the  North  of  England  Institute 
iif  Mining  &  .Mechanical  Engineers.  Mr.  Carnegie  also 
jiointed  out  (.see  Iron  &  Coal.  Trades  Review,  Loiulon, 
.Vug.  T,  1914)  that  whereas  Mr.  Mountain  had  mentioned 
I  hat  the  present  nuikers  of  the  Parsons  turbine  almost  in- 
\ariably  fitted  the  Curtis  or  impulse  wheel  in  the  high- 
])ressure  stage  of  the  mixed  turbine,  where  economy  was 
of  the  first  importance,  the  pure  reaction  design  must  of 
necessity  he  adopted  because  the  efficiency  of  reaction 
blading  is  considerably  higher  than  that  of  the  simple 
impulse  or  the  velocity-compounded  turbine. 

The  high  speed  of  the  turbine  assists  greatly  in  reduc- 
ing the  floor  area  required  ])er  unit  of  power  delivered. 
i)r.  C.  P.  Steiumetz,  writing  recently  in  the  General 
/■Jledric  Review  on  the  subject  of  energy  density,  points 
out  that  the  highest  velocities  in  rotating  machinery  are 
icached  in  the  revolving  rim  of  the  steam-turbine  disk, 
approaching  200  meters  {'■iod  ft.)  per  second  and  ]v\m\- 
senting  the  stored  energy  of  5.6  watt-hours  per  kilogram 
(1  kilogram  =  2.204  lb.)  of  rim  weight.  This  has  in- 
volved <iireful  design  to  secure  the  use  of  suital)le  ma- 
terials and  ])roper  construction  to  avoid  damage  under 
the  .severe  conditions. 

The  ex])osure  of  the  wheel  to  the  action  of  s\iperlieateil 
steam  simultaneously  with  high  stresses  is  a  condition 
which  requires  careful  choice  of  material.  From  a  note 
in  the  Iron  tC-  Ci/al  Trtules  Itevieir  recently,  it  aiijjcars  that 
wrought  iron  has  been  found  suitable  for  su]>erheated- 
^teani  fnrliini-^.  The  tensile  strength  at  '.):!2  dcg.  I''.  V.\\\> 
from  .52,<iO()  lb.  to  18,100  lb.  r.ul  according  to  PudelolV. 
at  100  dcg.  ('.  (',')'l  ileg.  F. )  it  lias  a  tensile  strength 
of  lo.OOO  lb.  and  an  elongation  of  40  ])er  cent,  and  is 
used  for  blades  in  the  Tbysseii,  the  Melms  and  ITen- 
ninger  turbines.  Although  ordinary  bronzes  have  not 
been  satisfactory  and  ])ure  nickel  cannot  be  used  on  a<- 
countof  its  fragility  at  high  temperatures,  special  bronz(;s 
have  given  good  results  and  tests  at  the  laboratory  of 
the  Hungarian  Hoyal  Iron  &  Steel  Works  show  that 
at  high  temperatures  low-carbon  steel  is  superior  to  liiuh- 
carbon.  (iiiillet,  on  the  basis  of  extensive  tests,  recorr,- 
mcn(l<  lor  bhnle-  -tcel  of  :10  to  r?2  per  cent,  nickel  and 


a  maximum  of  0.12  ])er  cent,  carbon.  The  coeflScient  of 
expansion  of  this  steel  is  small  and  it  does  not  rust  in 
clean  water. 

The  troubles  which  were  formerly  anticipated  by  the 
whipping  of  long  shafts  at  high  speeds  have  been  over- 
come. In  the  discussion  before  the  Mining  Institute  it 
was  pointed  out  that  at  present  shaft  deflections  and 
whirling  speeds  are  caletilated  so  as  to  avoid  whirling 
and  blade  stripping.  In  low-speed  Parsons  reaction  tur- 
bines the  rtuming  speed  is  always  lower  than  the  first 
critical  speed,  while  in  high-speed  turbines  it  is  kept 
clear  of  the  nearest  of  these  speeds.  That  the  shaft 
may  run  safely  through  the  critical  points  the  bearings 
are  provided  with  concentric  oil  cushion  tubes  to  damp 
out  vibration.  Mr.  Carnegie  referred  to  another  point 
of  mechanical  construction  which  marks  a  distinct  ad- 
vance, that  of  end  tightening  the  blades.  Both  the  cylin- 
der and  sjiindle  being  arranged  with  shrouding  strips, 
fine  clearances  are  ]iossible  with  safety  owing  to  these 
clearances  being  adjustable  in  an  axial  direction,  the 
shaft  being  free  to  move  laterally  without  risk  of  mak- 
ing contact  on  the  blading. 

In  the  Ljungstrom  turbine,  to  which  reference  will 
be  made  .shortly,  ti'onbles  from  unequal  expansion  dis- 
tortion are  claimed  to  be  less  than  with  turbines  of  the 
cylindrical  ty])e.  Even  so,  special  features  are  intro- 
duced in  the  design  to  reduce  .such  troubles  to  a  min- 
imum. For  example,  the  blade  rings  are  coiniected  to  the 
disks  by  thin  conical  rings  of  bulb-headed  section  to  give 
a  rigid  drive  and  firm  support  to  the  ring  and  to  allow 
for  small  changes  of  diameter. 

Other  mechanical  properties  which  have  received  at- 
tention are  the  design  of  thrust  bearings  or  alternative 
means  of  balancing  end  thrust.  An  interesting  arrange- 
ment recently  brought  out  by  Sir  C.  A.  Parsons  {Vulcan, 
May,  1914),  more  particularly  in  connection  with  tur- 
bines for  marine  purposes,  removes  the  danger  of  cor- 
rosion of  the  rotors,  blades  and  other  parts  by  interposing 
a  strainer  made  of  the  same  metals  as  the  parts  of  the 
turbine  subject  to  corrosion.  If  the  steam  carries  corro- 
si\e  agents  they  will  attack  this  strainer  and  become 
chemically  inactive  before  they  reach  the  working  parts 
of  the  turbine. 

In  mariiu'  practice  the  task  of  designing  a  pro- 
jieller  whose  best  jierformanee  would  be  given  at  the 
speeds  required  by  a  turbine  driving  it  directly  was  a 
dillicult  problem,  but  a  practical  solution  has  been  found 
in  the  inlriNhHtion  of  speed-reilucing  devices  of  various 
tvpes,  wbile  on  land,  particularly  in  cojinection  with  elcc- 
ti'ical  installations,  the  direct  cou])ling  of  dynamos  and 
alternators  to  the  turbine,  although  successfully  accom- 
plished, requires  s])ecial  means  of  clam])ing  the  rottn- 
windings,  the  lonimutafor.  etc.,  to  resist  the  high  centrif- 
ugal force. 

One  form  of  turbine  reduction  gear,  as  made  by  flic 
Westiiigliouse  Machine  Co..  has  a  floating  frame  carryini; 
a  double  helical  pinion,  whiili  is  able  to  adjust  it- 
self and  allow  the  pinion  to  assume  a  deflection  in  \u 
cordance  with  any  load  which  is  being  tran.smitted.  Tin- 
enables  the  tooth  ])ressure  to  be  equally  distributed  acros- 
Ihe  whole  working  face  of  the  gear.  Special  oiling  ar 
langemenfs  are  provided  and  oil  iictuates  floating  frame 
pistons  regulaling  fbe  ninount  of  movement  which  tlli^• 
floating  frame  takes.  Incidentally,  this  arrangement 
niakc<  it   possilile  to  (piickly  determine  the  -^liaft    horse 
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power  transmitted.  This  tj^je  of  gear  was  installed  on 
the  United  States  naval  collier  "Xeptune.*"  Geared  tur- 
bines have  also  l>een  fitted  in  connection  with  British  ves- 
sels as  described  in  the  paper  before  the  Institute  of 
Naval  Architects  by  Sir  C.  A.  Parsons.  The  efficiency 
of  this  arrangement  is,  of  course,  determined  by  the  ef- 
ficiency of  the  modern  helical  gear,  which  is  high. 

An  alternative  system  of  speed  reduction  is  that  de- 
veloped by  Dr.  Fottinger,  in  which  the  hydraulic  pres- 
sure is  created  by  a  water  turbine  mounted  on  the  steam- 
turbine  shaft;  this  hydraulic  pressure  drives  a  second 
water  turbine  on  the  propeller  shaft.  The  system  has 
been  applied  extensively  in  marine  practice.  It  is  stated 
that  the  efficiency  of  the  system  can  be  brought  up  to 
9]  per  cent.  Another  system  of  speed  rediiction  is  elec- 
trical. The  United  States  (iovernnient  collier  "Jujiiter''' 
has  a  turbo-electric-generating  unit  of  the  three-phase 
tv'pe  giving  about  5000  kw.,  2300  volts  at  2000  r.p.m., 
(vhile  the  two  pro]>eller  shafts  each  have  an  induction 
motor  running  at  110  r.p.m.,  the  ratio  of  speed  reduc- 
tion. IS  to  1  (disregarding  slip  of  the- motors),  being 
accomplished  with  excellent  efficiency,  considering  the 
double  conversion  from  mechanical  to  electrical  and  back 
from  electrical  to  mechanical  power.  Full  particu- 
lars of  this  installation  are  contained  in  International 
Marine  Engineerin;/  of  August,  1913.  In  Great  Britain 
considerable  work  has  been  done  in  the  same  general 
direction  by  S.  A.  Mayor.  A  {wint  with  regard  to  the 
interposition  of  electrical  apparatus  of  this  kind  is  that 
it  gives  a  simple  method  of  reversing  the  propeller. 

On  laud  the  problem  of  speed  reduction  is  perhaps  not 
so  pressing  and  yet  cases  arise  where  it  is  convenient  to 
utilize  a  slower  speed  than  that  given  directly  by  a  tur- 
bine. For  example,  it  is  of  undoubted  advantage  in 
direct-ciirrent  electric  plants  to  run  at  moderate  speed 
rather  than  the  high  speeds  required  by  some  types  or 
turbines.  An  interesting  method  by  means  of  which  tlu' 
inherent  high  speed  of  the  turluTies  is  reduced  in  a  simple 
and  practical  manner  to  the  medium  speed  most  conven- 
ient for  some  forms  of  electric  machinery  drive  is  given  i;! 
the  Ljungstrom  turbine,  which  is  manufactured  in  Great 
Britain  by  the  British  Electrical  Co.,  Ltd.,  of  Lough- 
borough. This  consists  of  a  nest  of  rings  placed  concen- 
trically to  one  another,  each  ring  being  composed  of  hor- 
izontal turbine  blades.  The  alternate  rings  are  connected 
to  a  fixture  at  opposite  ends  so  that  rings  connected  to  one 
fixture  intemiesh  with  the  rings  connected  to  the  other. 
Each  system  of  blades  is  connected  to  a  separate  shaft. 
Steam  is  admitted  at  the  center  of  the  arrangement  and 
;  )asses  outward  radially ;  thus  the  sets  of  rings  of  blades 
react  on  one  another.  If  the  loads  on  the  two  shafts  are 
equal,  these  shafts  turn  at  an  equal  speed  in  opposite 
directions.  To  the  end  of  each  of  these  shafts  is  con- 
nected an  electric  generator  and  arrangements  are  made  to 
connect  tliese  generators  together  electrically  so  that  the 
load  on  each  is  kept  the  same.  In  this  way  the  speed 
<jf  the  generator  is  reduced  to  half  the  speed  of  the  blades 
with  relation  to  one  another.  A  description  of  the  Ljung- 
strom turbine  will  be  found  in  Engineering,  London,  for 
April  12  and  19,  1912. 

The  concentration  of  a  large  amount  of  power  in  one 
prime  mover  has  brotight  with  it  the  problems  of  supply- 
ing suflicient  steam  for  each  turbine  set,  resulting  in 
changes  in  the  design  of  boiler  houses  and  a  remarkable 
develoinnent  of  au?dliary  apparatus. 


By  W.  W.  Stuoxg 

The  smoke  recorder  and  monitor  here  described  i> 
phmncd  1(>  give  an  instantaneous  record  or  warning  that 
unburned  hydrocarbon  vapors  are  being  emitted  from 
the  stack.  With  its  aid  tlie  fireman  may  quickly  make 
correct  adjustments  to  the  furnace.  An  illuminated  set 
of  directions  for -properly  firing  the  given  furnace  and 
telling  just  how  to  prevent  making  smoke  can  be  placed 
near  the  furnace  door. 

This  type  of  recorder  and  monitor  operates  electrically, 
and  is  therefore  almost  instantaneous.  The  basic  part  of 
the  apparatus  is  a  small  transformer  using  the  energy  of 
an  ordinar}'  electric  lamp.  The  efficiency  and  dependa- 
bility of  the  transformer  are  well  known.  Of  cour.se,  tlie-^e 
instruments  must  be  essentially  as  efficient  and  depend- 
able in  their  action  as  the  transformer. 

The  action  of  the  recorder  and  monitor  depends  ujKni 
the  variable  conductivity  of  the  flue  gases  accordingly  as 
more  or  less  smoke  is  present  in  them.  When  the  smoke 
is  dense  the  conductivity  is  small,  whereas  the  transpar- 
ent flue  gases  from  a  furnace  are  comparatively  good  con- 
ductors. In  the  stack  there  is  a  gap  in  the  high-tension 
circuit  of  the  transformer  and  there  are  gaps  in  the  cir- 
cuit leading  to  a  condenser ;  all  are  in  parallel.  When  there 
is  smoke  the  condenser  is  charged  and  this  closes  an  elec- 


FiG.  1.     Firing  DiiiECTiONS  on  the  Smoke  Moxitor- 
Recordee 

tnc  circuit  and  operates  a  watch  or  recording  clock. 
When  there  is  no  smoke  the  discharge  occurs  in  the  stack 
and  nothing  happens.  By  changing  the  length  of  the  ga])s 
the  recorder  may  be  made  to  record  almost  any  density 
of  smoke  or  fumes;  for  example.  No.  2  of  the  Einglemaim 
scale. 

The  Smoke  "Monitor 

Fig.  1  and  the  right  portion  of  Fig.  2  show  smoke  moni- 
tors, the  one  in  Fig.  2  being  portable.  This  apparatus 
rings  a  bell  and  illuminates  a  sign  when  the  stack  is  dis- 
obeying the  citj'  ordinance  by  emitting  dense  smoke.  The 
directions  are  drawn  for  the  particular  stack  so  that  by 
following  them  the  fireman  can  obtain  as  nearly  a  smoke- 
less stack  as  is  possible  with  a  maximum  efficiency.  In 
Fig.  1  these  directions  are  for  a  hand-fired  plant.  The 
directions  can  be  made  to  apply  to  a  mechanical  stoker 
just  as  well.    In  the  above  case  these  directions  are : 
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1.  Fire  one  door  at  a  time  iiiid  wiiit  until  the  fire  is  in 
i;ood  shape  before  charging  tlie  otlier  dimr. 

2.  Leave  the  furnaoe  door  sliglitly  aj;ir  for  nhout  two 
ininiitcs  after  firing. 

.:!.     Fire  frequently,  at  regular  intervals  and  in  small 
quantities. 


Fig.  2.     Anotiiki!  Typic  of  Moxitor 

4.  Keep  the  fires  elean. 

5.  Carry  a  level  surface  over  the  entire  grate.  Avoid 
thin  or  bare  spots  on  grates. 

G.     Break  lumps  of  eoal  to  fist  size. 

In  Fig.  2  is  shown  a  smoke  recorder  on  the  left  and 
a  portable  smoke  recorder  and  monitor  on  the  right.  In 
one  case  an  engine-room  clock  is  used  to  add  the  total 
time  that  the  stack  smokes,  the  clock  going  onlv  when  the 


smoke  exceeds  a  certain  density,  say.  No.  2  on  the  Ringlc- 
mann  scale.  /  and  K  are  the  high-tension  terminals  of 
till'  transformer;  M  and  i\'  are  the  low-tension  terminals, 
to  be  connected  to  any  alternating-current  lamp  socket ; 
S  is  a  rod  lioldiiig  a  spring  Aviiicli  adjusts  the  tension  on 
one  of  the  condenser  plates.  This  is  practically  the  only 
adjustment  that  it  is  necessary  to  make,  the  tension  be- 
ing decreased  as  the  contact  points  gradually  wear  away. 
\\\  the  case  of  the  recorder  there  are  no  contact  points;  in 
Inct.  there  is  nothing  except  the  clock  to  wear  out.  A 
gi-apbic  recorder  can  be  made  tn  ojierate  in  ilie  same 
way. 

The  smoke  monitors  and  recorders  are  sini]>l(^  instru- 
ments containing  practically  no  moving  parts,  using  lit- 
tle electric  current  and  no  chemicals  and  act  instantly 
iind  continuously.  They  can  be  easily  covered  with  a  case 
>(i  that  no  one  can  come  in  contact  with  the  high-tension 
pai'ts  without  lifting  the  case,  and  Ibis  breaks  (be  primary 
current  at  N. 

h>w  SlhelH  Fair® 

The  illustration  shows  the  ruins  of  the  Rochet- 
Schneider  motor  works  at  Albert,  France,  after  bombard- 
ment. This  complete  demolition  evidently  was  not  caused 
by  solid  shot,  but  by  shells  designed  to  cause  fire.  In  en- 
gineering parlance  they  seem  to  have  been  100  per  cent, 
efficient  in  destruction.  The  output  of  these  works  is 
probably  the  best  known  in  this  country  of  any  of  the 
foreign-made  gasoline  motors  and  motor  vehicles.  The 
copyrighted  photograph  was  obtained  by  courtesy  of 
Underwood  &  Underwood. 
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IV 


By  Charles  IT.  Bhommy 


SYNOPSIS — TVliy  one  of  the  large  brine  pump.s  runs 
at  SO  r.p.m.  withovt  causing  surging  in  the  line.  Metal- 
lic packing  w  n-ied  for  the  plungers  of  the  large  hrine 
pumps.  Interesting  provisions  for  preventing  corrosion 
of  the  brine-pump  plunger.  The  specific  gravity  of  the 
hrine  w  cliangeil  for  the  winter  and  .■<ummer  months. 

Other   Practk-e   at    Sarge.vt's   AViiaue 

This,  tlie  fourth  article  of  the  series,  treats  of  the  mis- 
cellaneous practice  at  the  Sargent's  ^Vlla^f  plant  of  the 


system.  The  pump,  Fig.  l(i,  is  al)le  to  run  at  these  and 
even  higher  speeds  hecause  at  no  time  do  streams  runninsr 
in  different  or  opposing  directions  meet  each  other  until 
the  direction  of  each  is  the  same. 

All  of  the  pot-type  suction  chambers  communicate  with 
one  another,  and  their  relative  location  is  such  that  the 
bottom  of  the  suction  end  practically  forms  a  circular 
chamber.  Should  surging  begin  in  the  suction,  the  brini,-, 
when  it  surges  into  the  pump,  would  tend  to  "chase  it- 
self" around  the  circular  chamber  under  the  valve  and 


Fig.  16.    Thi.s  Is  Believed  to  Be  the  Largest  Brine  Pump  ix  Use 

This   pump   is  capable    of   handling  10,000,000   gal.    of  brine  every   24   hr.,   and    may  be   run    quietly   at    the   unusually   high 
speed   (for  a  pump  so  large)   of  70  to  SO  r.p.m. 


Quincy  ilarket,  Cold  Storage  &  Warehouse  Co.,  Boston, 
Mass.  Wlien  a  pump  is  forcing  consideralily  over  10,- 
000,000  gal.  of  brine  per  day  directly  into  a  sj'stem  hav- 
ing an  aggregate  of  over  five  miles  of  I'spiug  and  800 
separate  refrigerating  services — and  to  do  this,  the  pump 
must  be  rrm  as  high  as  from  G5  to  80  r.p.m. — there  must 
be  no  surging  of  the  brine  if  the  pump  is  to  remain  in 
good   condition  and   leaks   are   to   be   prevented   in  the 


plungers.  Wherever  there  is  likelihood  of  shock  due  to 
sudden  stoppage  of  flow  or  change  in  direction  of  flow — 
as,  for  example,  where  the  suction  comes  to  the  pump  at 
right  angles  from  below  the  pump — large  air  chambers 
have  been  provided,  their  center  lines  being  a  continua- 
tion of  a  center  line  dropped  through  the  vertical  length 
of  suction  pipe. 

As  tlie  brine  leaves  the  discharge  chambers  on  its  way 
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to  the  main  discharge  line,  opposing  streams  from  each 
side  of  the  pump  are  deflected  by  a  baffle  placed  in  the 
special  tee  fittings  which  direct  these  two  streams  into 
the  discharge  pipe.  In  this  fitting  is  a  baffle  which  con- 
forms in  shape  to  that  of  the  tee.  The  baffle  forms  two 
nozzles  in  the  discharge  line  which  so  converge  that  the 
velocity  of  the  water  through  the  nozzle,  or  rather  at  the 
end  of  it,  will  coianteract  any  surging  that  may  tend 
to   be   created.      Each   air   chamber   is   provided   with   a 


shown  in  Fig.  20,  which  illustrates  a  section  of  u 
packed  stuffing-box.  As  the  gland  is  filled  up,  the  pro- 
jections begin  forcing  the  other  part  of  the  ring 
against  the  11-in.  plunger. 

It  has  been  found  that  if  the  pump  is  stopped  and  the 
film  of  brine  on  the  plunger  dries  off,  corrosion  begins 
almost  immediately.  The  exposed  part  of  the  plunger 
can  be  wiped  and  cleaned,  but  that  part  under  the  gland 
retains  the  little  pieces  of  rust  which,  after  being  wiped 


Fig.  17. 


Fig.  18. 
Flow  of  Water  uxdek  Pump  Valves  of  Different  Designs 


Fig.  19. 


-Water  r>eflected  at  Right  Angles  to  Flow.     Fig.  18 — Water    Reacting    Back    on    Itself.     Fig.    19 — Valve 
Sargent's  Wharf;   Soft   Rubber  Disk,  Giving  Gradual   Change  in   Direction  of  Flow. 


gage  glass  which  shows  the  amount  the  brine  surges. 
The  pump  was  running  at  more  than  65  r.p.m.  when  the 
writer  saw  it,  and  the  columns  of  water  in  the  glasses 
did  not  move  more  than  i/l  in.  in  any  glass. 

The  Brine-Pump  Valve 

All  pump  valves  except  for  the  condenser  and  hot-water 
pumps  are  of  standard  design  and  size  and  are  inter- 
changeable. There  are  about  a  thousand  of  these,  one  of 
which  is  shown  in  Fig.  19.  The  disk  or  valve  is  of  soft 
rubber  and  the  saucer  form  of  plate  is  adapted  for  use  with 
it,  so  that  the  direction  of  flow  of  the  water  would  have  to 
be  changed  as  little  as  possible.  With  a  flat  valve  the 
water  conies  up  under  it  and  is  directed  at  right  angles 
as  shown  in  Fig.  IT,  and  with  other  types  of  valves,  much 
water  comes  up  under  them  and,  due  to  the  shape  of 
the  latter,  is  directed  down  again.st  itself,  just  as  in  a 
Pelton  bucket,  thus  offering  considerable  resistance  to 
•its  flow.  The  action  is  shown  in  Fig.  18.  Despite  the 
fact  that  in  America  this  type  of  pump  valve  is  used  but 
little  and  that  some  authorities  on  punijis  claim  that  they 
have  little  advantage  over  other  valves,  experience  witb 
many  kinds  at  the  Sargent's  Wharf  plant  shows  that  the 
pump  will  give  an  appreciably  greater  capacity  wit'.i 
these  than  with  other  types. 

Pump  Plungers  CoRnoni:  Iivpidi.v 

The  pump  plungers  are  of  cast  iron  an.d  are  provided 
with  metal  packing,  with  just  enough  leakage  allowed  to 
obtain  the  neces.«ar}'  lubrication.  Thi.s  |>!u-king  is  of  the 
company's  own  make  and  consi.sts  of  25  per  cent,  tin, 
7.T  per  cent,  lead,  and  2  per  rent,  antimony.  It  is 
made  in  rectangular  form,  and  tlie  rings  arc  put  in  as 


across  the  face  of  the  packing,  cut  it  enough  to  be  ob- 
jectionable. 

To  remedy  this  trouble,  a  split  sleeve  of  cast  iron 
will  be  made  which  will  fit  into  the  stuffing  box  and  be 
in  two  parts  with  flanges  midway  between  the  two  stuf- 
fing-boxes. Preparatory  to  putting  on  the  sleeve,  a  ring 
or  two  of  packing  will  be  put  into  each  stuffing-box;  the 
flanges  covering  the  plunger  will  be  provided  with  liolts 
and   nuts  for  pushing  each   half  of  the  sleeve   into   its 


Fig.  20.   Section  of  Stuffino-Box  of  Large 
Brine  Pump,  Showing  .Met.vllic  P.\cking 

respective  stuffing-box  until  the  leakage  of  brine  at  either 
stuffing-box  is  as  desired.  The  glands  now  u,«ed  will 
be  dispensed  with.  A  water-tight  cover  is  put  over  the 
flanges  so  that  the  entire  plunger  is  inclosed.     A  plug 
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coiild  be  put  into  the  sleeve  to  show  the  amount  of  leak- 
age to  readily  determine  if  the  sleeve  sections  should  be 
screwed  further  apart  and  the  packing  tightened  in  the 
stuffing-box.  The  sleeve  is.  of  course,  cut  away  so  that 
it  does  not  touch  the  plunger.  With  the  plungers  pro- 
vided, there  will  be  no  corrosion  of  the  plungers  when  the 
pump  is  shut  down,  for  the  reason  that  they  will  be  in- 
1  losod  in  brine,  no  air  being  able  to  get  to  them. 

While  either  of  the  pumping  engines  used  for  street 
service  may  be  operated  on  warehouse  service,  a  two- 
stage,  motor-driven  centrifugal  pump  of  1000  gal.  cap- 
acity is  provided  for  the  latter.  The  specific  gravity 
of  the  brine  for  the  warehouse  system  runs  between 
^.■^■i:^  and  1.230  and  that  for  the  street  system  is 
kei)t  at  between  1.190  to  1.200.  The  make-up  brine  tank 
carries  brine  of  1.240  specific  gravity  and  the  brine  for 
lioth  the  street  and  the  warehouse  system  is  "built  up" 
by  this  brine.  If  too  much  is  run  into  the  street  system, 
the  operator  opens  the  city  water  line  into  the  brine 
circulating  pump  to  bring  down  the  specific  gravity.  It 
is  the  practice  to  drop  the  specific  gravity  of  the  brine  lo 
jiliiiut  1.190  during  the  winter  and  spring,  especially  in 
the  spring  when  the  frost  comes  out  of  the  ground, 
for  it  is  at  this  time  that  bad  breaks  occur  in  the  street 
piping,  so  that  with  the  reduced  specific  gravity  of  the 
brine,  the  amount  of  calcium  lo.«t  for  a  given  amount  of 
leakage  is  much  less  than  it  would  be  if  the  brine  were 
of  1.200  or  more  specific  gravity. 

Formerly  the  main  brine  tank  for  the  street  sy.stem 
was  on  the  discharge  line  and  in  the  highest  point  in 
the  system;  This  held  the  capacity  down  to  that  af- 
forded by  a  jiressure  equal  to  the  head  from  the  tank ; 
it  also  gave  rise  to  troubles  due  to  air  i)ecoming  pocketed 
in  the  system,  which,  of  course,  further  reduced  the  ca- 
pacit}'.  The  air,  it  is  believed,  entered  the  system  at  a 
joint  where  the  pressure  in  the  pipe  line  from  the  pumj) 
was  maximum  and  between  this  point  and  that  at  wbirli 
the  brine  from  the  tank  dropped  to  the  mininnini  line 
pressure;  .some  portion  of  the  system  was  evidently 
tmder  vacuum  notwithstanding  that  there  was  a  pressure 
of  over  90  lb.,  indicated  by  the  gage  on  the  discharge  line 
at  the  pump,  and  over  2  lb.  on  the  suction  line  at  the 
pump.  This  condition  al.so  gave  rise  to  shocks  in  the 
line  at  the  pump,  because  if  the  pump  speed  were  in- 
creased, as  on  an  urgent  demand,  the  plungers  would 
run  away  from  the  brine  on  the  suction  side.  By  putting 
the  tank  on  the  suction  side,  it  increased  the  capacity 
of  the  .street  system  without  installing  larger  pipe,  pro- 
portionate to  whatever  pressure  the  pipes  would  safely 
carry.  Also,  with  the  40  11).  head  pressure  from  the  tank 
on  the  suction  and  with  the  discharge  pres.sure  increased 
to  102  lb.,  the  entire  system  was  under  a  pressure  so 
much  above  atmospheric  that  the  air  troubles  immediately 
ceased ;  also  the  troubles  from  .shock  were  avoided  be- 
cause the  pumps  do  not  now  run  away  from  the  brine. 

Formerly,  the  usual  practice  of  purchasing  calcium 
in  the  600-lb.  tin-closed  ease  was  followed,  but  now 
this  is  not  the  ca.se  for  it  takes  about  ten  days  from  the 
time  the  case  arrives  tmtil  it  is  impacked  and  the  calcium 
broken  and  dissolved,  all  of  which  means  mudi  labor.  The 
calcium  is  now  purchased  in  solution  form  and  brought 
to  the  plant  in  8000-gal.  tank  cars  which  are  put  on  a 
siding;  hose  is  attached  to  the  tank  and  in  thirty  min- 
utes the  brine  is  in  the  make-up  brine  tank.  This  means 
a  total  saving  of  about  $8  per  ton  o^er  importing  the 


.solid  calcium,  as  was  done  when  the  tariff  on  this  chem- 
ical went  off. 

The  fifth  and  last  article  of  the  series  will  treat  of  more 
of  the  interesting  practice  at  Sargent's  Wharf. 

A   system   for   electrically   transmitting    long-distance 
readings  of   indicating   and    recording   instruments   has 

liccu  idaicd  (III  the  market  liv  the  Bristol  Co..  AVatcrliurv. 


l*"l<i.     1.       ISlllsroL     THAXS.MITTING     IxniCATOK     AND     Be- 

ijiivixc  liKcoiiOKi; 

Conn.      Standard    Bristol    instruments   are   used   having 
long-dislaiKc  induction  balance  movements  developed  for 

lliis  piirpose  liy  the  Sangamo  Electric  Co.     These  instm- 


FiG.  2.     IxTEiaoi!  View  of  the  Tuaxsmitting  Ix- 

STItUMEXT 

meuts  are  intended  to  give  automatic  and  continuous 
records  of  pressures,  liquid  levels,  temperatttres,  mechan- 
ical motions,  etc.,  up  to  30  or  40  miles  from  the  points  at 
which  the  transmitters  are  located. 

Fig.  1  shows  a  transmitting  indicator  for  placing  where 
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the  pressure  or  temperature,  etc.,  is  measured,  and  the  re- 
ceiving recorder  which  is  at  the  remote  ]5oint  where  the 
record  is  to  be  produced.  The  only  restriction  to  the 
distance  is  the  size  of  wire  used  and  the  voltage. 

The  two  instruments  are  connected  by  tliree  wires,  one 
of  which  is  connected  to  a  source  of  alternating  current, 
as,  for  instance,  a  lighting  circuit.  The  transmitting  de- 
vice is  mounted  in  a  moistureproof  case  and  can  be  put 
outdoors  if  necessary. 
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Diagram  of  Transmitting  and  Re- 
ceiving Apparatus 


The  fundamental  principle  of  the  system  is  that  of  the 
induction  balance.  The  transmitting  and  receiving  in- 
struments are  each  equipped  with  two  pairs  of  coils  ar- 
ranged to  swing  in  a  liorizontal  plane  over  iron  cores. 
Fig.  2  shows  the  interior  of  one  of  the  transmitting  in- 
struments. The  helical  pressure  tube  ami  the  electrical 
transmitting  device  are  shown  in  the  operating  position. 

Fig.  3  is  a  detailed  front  and  top  outline  diagram  of 
the  transmitting  device,  which  is  similar  to  the  receiving 
device.  The  outfit  consists  of  two  pairs  of  mechanicallv 
balanced  solenoids  arranged  to  swing  horizontally  back 
and  forth  over  the  ends  of  soft-iron  cores  and  connected 
in  parallel  to  an  alternating-current  circuit.  t)ne  pair  of 
the  solenoids  is  used  for  the  transmitting  instrument,  the 
other  for  the  receiving  instrument.  The  bottom  view  of 
the  transmitter  shows  one  pair  of  the  solenoids  A  and  li 
on  spools  connected  and  supported  on  a  shaft,  the  ends  of 
which  rest  in  jewel  bearings  aiul  are  free  to  swing  back 
and  forth  over  laminated  soft-iron  cores.  The  top  view 
shows  the  solenoids  .4  and  B  of  the  transmitter  in  section  ; 
the  dotted  outlines  indicate  tlic  i)osition  to  wliiib  Ihe  sole- 
noids may  swing. 

A  similar  pair  of  balanced  solenoids  is  jibucd  in  the  re- 
ceiving recorder  or  indicator  at  the  distant  point.  When 
the  solenoids  .1  and  H  of  the  transmitter  and  receiver  are 
connected  in  parallel  to  an  alternating-current  circuit 
and  the  transmitter  coils  .1  and  B  are  held  in  a  certain 
iwsition  by  the  operating  mechanism  located  correspond- 


ingly to  the  water-level  gage,  pressure  gage,  thermometer, 
etc.,  the  relative  amounts  of  current  flowing  in  the  sole- 
noids .4  and  B  will  depend  on  their  positions  on  the  iron 
cores,  due  to  the  inductive  effect. 

At  the  receiving  instrument  the  other  pair  of  solenoids 
is  mechanically  balanced  and  free  to  take  an  angular  po- 
sition, which  will  be  the  same  as  that  of  the  transmitter 
since  the  flow  of  current  will  be  the  same  in  the  corre- 
sponding solenoids  of  the  receiver  as  in  the  transmitter.  If 
the  angular  position  of  the  pair  of  solenoids  at  the  trans- 
mitter is  changed  by  the  operating  mechanism,  thus  mov- 
ing one  of  the  solenoids  off  and  the  other  on  to  the  iron 
cores,  increasing  the  inductance  in  one  solenoid  and  di- 
minishing it  in  the  other,  the  flow  of  current  will  be  pro- 
portionately increased  in  one  coil  and  diminished  in  the 
other.  The  variations  of  current  at  the  distant  receiver 
will  correspond  with  the  variations  at  the  transmitter  and 
cause  the  pair  of  solenoids  of  the  receiver  to  seek  a  po- 
.sition  of  balance  which  will  be  the  same  as  that  of  the 
solenoids  of  the  transmitter. 

In  the  transmitter  the  operating  mechanism  is  linked 
to  the  balanced  solenoids  by  an  arm  between  the  sole- 
noids A  and  B.  In  the  receiver  the  recording  pen  or  the 
indicating  pointer  is  connected  to  a  similar  arm  through  a 
multiplying  mechanism. 

Various  combinations  of  transmitting  and  receiving  in- 
.struments  of  either  indicating  or  continuous  recording 
type  may  be  used,  also  a  transmitter  and  receiver  of  either 
the  indicating  or  recording  type,  or  a  combination  outfit, 
including  two  transmitters  and  one  receiving  indicator 
connected  to  a  two-point  rotary  switch  so  that  readings 
may  be  obtained  with  the  indicator  of  the  pressures,  tem- 
peratures, etc..  from  either  of  the  transmitters  if  desir- 
able. 


A  Chnrnoteristic  of  a  Shunt  Motor — There  is  one  pecu- 
liarity ot  a  sliunt-woiind  motor  as  commonly  used  which  is 
not  always  recognized.  When  the  motor  is  operating  "cold" 
(before  the  load  has  been  on  long  enough  for  the  motor  to 
warm  up)  the  speed  is  from  4  to  .''.  per  cent  lower  than  after 
the  motor  is  warm.  Tliis  is  due  to  tlie  lower  resistance  of 
the   fields  when   cold. 


The  Area  of  n  Safety  Valve  is  determined  by  the  grate 
area  ami  the  jiressnre  to  be  carried  on  the  boiler.  A  pood 
formula   for  safety  valve  size   is: 

:!7..''i  X  G 

P 

where    A  =  Area  of  valve  in  sq.in.; 
G  =  Area  of  grate   in   sq.ft.; 

P  =  Absolute  pressure  in  lb.  per  sq.in.,  or  gage  pressure 
plus    l.'i    lb. 

Hentlne  of  BenrliiKN  on  electric  generators  and  motors 
may    be    due    to: 

Excessive  belt  tension  In  which  the  pulley  bearing  will 
probably  be  hotter  than  the  other.  To  overcome  this,  reduce 
the  load  or  belt  tension. 

Failure  of  oil  rings  to  revolve  with  the  shaft;  oil  too 
low;  poor  grade  of  oil;  grit  In  the  bearing  or  a  bent  shaft. 
The  remedy  Is  obvious. 

Knd  thrust  due  to  Improper  leveling  or  no  lateral  moUon 
of  the  shaft — If  a  belt-driven  machine,  move  the  shaft  back 
and  forth  with  a  stick  pressed  against  the  end  of  the  shaft. 
The  shaft  sliould  have  a  lateral  movement  of  about  %  In. 
and  should  float  when  running.  If  It  does  not.  It  Is  probably 
held  In  one  jiosltlon  by  the  belt,  the  pulley  or  the  collar. 
Sometimes  the  arnuilure  projects  out  more  on  one  side  of 
the  field  colls  than  on  the  other;  In  this  case,  the  magnetic 
pull  of  the  field  colls  will  draw  the  annature  In  and  the 
tmlley  or  collar  may  bind   the  bearing  and   cause  heating. 

tlnequal  air  gap — See  that  the  air  gap  Is  equal  all  around 
the  armature,  for.  If  It  Is  nearer  one  pole-piece  than  another, 
the  magnetic  pull   will  bo  unequal 
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By  M.  Yax  Valkexbubgh  and  ^I.  H.  Isenberg 


SYNOPSIS — Z)p.vr?-i7)P.«  the  performance  of  a  tvet-type 
finder  catcher  in  the  plant  of  the  Hotel  St.  George, 
Brooklyn.  N.  Y. 

The  tests  here  described  were  made  at  the  Hotel  St. 
George,  Brooklyn.  X.  Y.,  by  tlie  writers  under  the  direc- 
tion of  Prof.  \V.  D.  Emiis  of  the  Polytechnic  Institute  of 
Brooklyn,  to  determine  the  percentage  ratio  of  cinders 
caught  to  coal  burned  during  an  average  day's  run  of 
twelve  hours;  to  determine  the  calorific  power  of  the 
cinders  and  the  percentage  ratio  of  heat  lost  through 
cinders  to  the  initial  heat  in  the  fuel ;  and  to  determine 
the  character  of  the  water  solution  after  circulating 
throiigh  the  catcher  for  twelve  liours. 

The  cinder  catcher  is  in  the  flue  leading  from  a  Worth- 
ingtou  water-tube  boiler  rated  at  295  hp.  and  fitted  with 


To  re-cinMlate  wafer 
dose  1,3^.,  open  2,4,6 


a  tank,  from  which  it  flows  by  gravity  through  a  ball- 
float  valve  into  one  of  tlie  two  twin  tanks  shown.  It 
may  be  pumped  either  continuou.sly  fresh  or  recirculated. 
In  either  case,  a  motor-driven  centrifugal  pump  of  about 
seventy-five  gallons  per  minute  capacity  forces  it  from 
the  tank  to  the  top  of  the  baffle  in  the  cinder-catcher, 
wlience  it  flows  by  gravity  over  the  plate  into  the  tank 
and,  if  recirculating,  into  the  second  twin  tank  or  other- 
wise direct  into  the  sewer.  The  tank  as  originally  in- 
stalled was  of  sheet  steel,  and  the  baffle  was  constructed 
of  a  .series  of  sheet-steel  plates  riveted  together.  After 
two  weeks'  .service,  the  tank  had  disintegrated  so  badly, 
due  to  the  acid  formed  by  the  flue  ga.ses  coming  in  con- 
tact with  the  water,  that  it  had  to  be  replaced  by  a  lead 
tank.  The  baffle  was  also  attacked  at  the  rivet.s,  necessi- 
tating the  installation  of  a  one-piece  plate. 


To  Circulate  fresh 
water  close  4,  open 
3,S,2,6 


Centrifugals 
Pump 


Spraj/  Pipe 


To  Sump 

(texeisal  Elevation  of  Cixdek-Catchixg  Aitaeatu.s  ax'd  Boileu 


a  Crowe  chain-grate  stoker.  There  is  another  unit  which 
ordinarily  discharges  into  this  catclier,  but  at  the  time 
of  this  test  it  was  being  overhauled  for  repairs.  The 
Ixtiler  has  a  grate  surface  of  82  .sq.ft.  and  a  heating 
surface  of  2870  sq.ft.,  made  up  of  296  tubes  10  ft.  long 
and  3  in.  diameter.  At  the  date  of  the  test  it  was  work- 
ing under  an  overload,  developing  about  3.50  hp.  The 
catcher,  as  will  be  seen  from  the  illustration,  is  chiefly 
a  sheet-steel  l)affle-|)]ate  with  a  film  of  water  flowing  over 
it.  This  plate  is  placed  across  the  path  of  the. flue  gases 
so  as  to  cause  them  to  .strike  it  and  be  deflected  do\\ni- 
ward  and  through  the  narrow  opening  between  it 
and  the  .surface  of  the  water  in  a  receiving  tank  at  the 
liottom.  The  baffle  is  5x9  ft.;,  the  receiving  tank  is  4x9 
ft.  and  10  in.  deep,  and  the  distance  between  the  bottom 
of  the  baffle  and  the  water  is  kept  at  about  8  in.  As  the 
gases  come  in  contact  with  the  water  on  the  baffle  they 
lose  some  of  their  cinders,  but  by  far  the  greater  amount 
is  deposited  with  greatly  increased  velocity  as  they  rush 
through  the  restricted  opening  at  the  bottom  and  strike 
the  water  in  the  tank. 

The  water  for  the  catcher  is  pumped  from  a  well  into 


The  cinder  and  the  circulating  tanks  were  flushed  out 
clean  prior  to  the  start  and  the  system  adjusted  for  re- 
circulating the  water.  Owing  to  an  oversight,  the  flush 
valve  was  left  partially  open,  allowing  a  constant  small 
increase  of  fresh  water  into  the  .system.  However,  as 
there  were  no  accurate  means  at  hand  of  determining 
the  amount  of  water  u.sed,  the  relative  error  introduce<l 
was  small. 

There  being  no  scale  large  enough  to  handle  the  con- 
veyor used  in  hauling  the  coal  to  the  furnace,  it  was 
found  impossible  to  weigh  every  pound  of  coal  put  into 
the  hop]iers.  During  the  twelve  hours  of  the  test,  five 
conveyors  of  coal  were  weighed  and  their  average  taken. 
A  record  was  kept  of  the  nvimber  of  loads  ii,sed.  The  coal 
on  the  floor  at  the  start  was  weighed  and  added  to  the 
total,  and  that  at  the  finish  was  weighed  and  subtracted, 
the  level  in  the  stoker  ho]jpers  at  the  beginning  and  end 
of  the  test  being  kept  the  same:  An  average  sample  of 
the  coal  was  sealed  in  a  fruit  jar  for  analysis. 

Separate  samples  of  the  circulating  water  were  taken 
at  the  return  tank  every  hour  during  the  run,  and  to 
obtain  an  average  sample,  half-pints  were  taken   every 
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fifteen  miuutes  and  jjoured  into  a  large  vessel.  The  tem- 
perature 01  the  intake  and  the  return  water  was  noted 
every  hour,  as  were  the  draft  and  the  flue  temperature. 

Due  to  the  rapid  evaporation  at  the  catcher,  it  was 
necessary  from  time  to  time  to  replenisli  the  circulating- 
water  with  fresh  water  from  the  well.  The  amount  of 
evaporation  was  noted  each  time  by  measuring  the  fall 
of  the  level  in  the  return  tank.  Some  of  this  water 
was  lost  because  the  lead  tank  in  the  catcher  bad  melted 
over  on  one  edge,  so  that  when  the  water  level  rose  to 
this  point,  the  water  flowed  away  into  the  ground.  It 
is  probable  that  some  of  the  cinders  were  carried  awny 
at  this  place. 

After  twelve  hours'  continuous  service  the  circulating 
pump  was  stopped,  the  fires  banked,  and  the  contents  of 
the  tanks  allowed  to  settle.  Wlien  the  water  had  become 
reasonably  clear,  it  was  gradually  drawn  off,  leaving  a 
layer  of  cinder  in  each  of  the  three  tanks.  It  was  found 
impracticable  to  weigh  the  cinder  directly.  Accordingly, 
the  depth  of  cinder  in  each  tank  was  measured  in  several 
places,  the  layers  being  of  uniform  thickness,  and  the 
average  deptli  in  eacli  tank  found.  A  fruit  jar  was  then 
packed  loosely  full  of  an  average  sample  of  tlie  cinder 
and  sealed.  Having  the  dimensions  of  the  catcher  and 
the  tanks,  the  total  volume  of  cinders  was  rcMilily  c.-il- 
culated,  and  by  measuring  the  volume  in  the  jar  ninl 
weighing  its  contents,  the  weight  was  obtained.  Air- 
drying  tlie  jar  of  cinders  and  then  weigliing  it  gave  tlie 
weight  of  dry  cinders,  from  which  the  total  weight  of 
dry  cinders  and  the  percentage  ratio  of  cinder  to  coal 
burned  were  calculated.  A  sample  of  dry  cindei'  was 
saved  for  analysis. 

The  coal  and  cinders  were  analyzed  for  moisture,  vola- 
tile combustible  matter  and  ash,  and  their  heat  value 
determined  by  the  Parr  calorimeter.  From  these  and 
the  previous  results,  the  percentage  ratio  of  heat  lost  in 
cinders  to  initial  heat  in  coal  used  was  calculated. 

The  water  samples  were  submitted  to  tiic  methyl-orange 
test  for  acid  and  no  trace  of  acid  found.  Tlie  alkali 
test,  however,  disclosed  alkali  markedly  present,  whence 
it  was  decided  that  a  secondary  reaction  had  occurred 
l)etweeu  the  acid  formed  by  the  combination  of  the  SO^ 
and  the  SO.,  in  tlie  flue-gas  and  the  water  of  the  catcher 
and  the  cinder  in  the  catdicr  tank. 

To  sum  up:  In  the  twelve-lunir  run,  2.2,  per  cent,  of 
the  coal  burned  was  cauglit  by  the  cinder  catcher  in  tlie 
fonn  of  cinder.  Calorific  dctcrininations  showed  a  heat- 
ing value  for  the  coal  of  1  1,000  B.t.u.  per  lb.,  and  for 
the  cinder  of  .'JIOO  B.t.u.  ])er  lb.  The  percentage  of  heat 
lost  in  the  ciiuler  was  therefore  0.48(!  per  cent.  The  sys- 
tem recpiired  approximately  190  gal.  of  water  per  hour. 
The  ratio  of  jjounds  of  coal  inirned  to  gallons  of  water 
used  is  .5.3.'5  to  1.  The  reduction  in  draft  owing  to  the 
cinder  catcher  was  0..'509  in.  water. 

nwer 


Many  engine  and  boii(!r  rooms  where  the  air  is  con- 
taminated with  steam,  dust,  fumes,  foul  odors,  etc.,  are 
benefited  by  ]>utting  in  an  artificial  ventilating  system. 
To  relieve  such  conditions  a  new  type  of  ventilating  fan 
( Kig.  1 )  has  been  rer^ently  put  on  the  market  by  the 
Westinghonse  Electric  &  Manufacturing  Co.,  East  Pitts- 


burgh, Penn.  The  fan  differs  from  the  older  style  in 
having  more  blades  which  are  mounted  on  a  wide  cen- 
tral disk  and  which  have  the  ends  abruptly  turned  up. 
The  air  is  thrown  forward  at  high  velocity  instead 
of  being  widely  spread  out,  and  air  cannot  flow  back 
through  the  centei'  of  the  fan. 

The  unit  is  compact,  and  when  in  place  the  motor  pro- 
jects but  lifilc  iiilii  llic  loom.  The  inotor  is  inclosed  and 


Fig.   1.     New   Deskix   of   \'i:N'L'rLATiNG  Pan 


KlCi.    2.      .Mo  I  cii:-l  >i:ivi;n     IJi.iiwkk 

pi()le(,-led  from  dust,  dirt,  moisture,  etc.  It  has  a  high 
overload  capacity  and  readily  drives  tlw  fan  (?ven  against 
a  strong  back  ])ressurc.  Power  is  ohtiiincd  from  an  dec- 
tric-light  circuit. 

For  forcing  air  through  pi])es,  a  Sirocco  bhnver  (Fig. 
2)  is  supplied.  It  is  Huital)le  for  forcing  air  out  of  un- 
derground and  inside  rooms,  cooling  motors,  niul  for 
blowing  away  chips,  shavings,  etc. 
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.econstrtuctims  ExisHimijtf  Plaimte' 


By  Osboex  MoxxETxt 


SYNOPSIS — Problems  encountered  in  making  fire-tube 
boilers  smokeless  under  conditions  of  low  headroom,  lack 
of  space  in  front  of  the  boiler,  or  restrictions  preventing 
excavation. 

gj 
Other  discussions  of  lioiler  settings  have  dealt  with  new 
installations  where  floor  space  and  headroom  were  avail- 
able for  proper  furnace  designs.  If  no  more  were  ueces- 
sarv  to  smoke  suppression,  the  cities  burning  bituminous 
coal  would  not  he  cleaned  up  until  all  of  the  existing  set- 
tings had  been  burned  out  and  replaced  by  new  work.  To 
obviate  such  a  long  delay  it  is  of  utmost  importance  that 


Under   these    circumstances,    it    becomes    a    puzzle    to 
know  what  to  do  with  the  setting  to  stop  smoke.     Fig.  1 


Fig.  1.    Double-Arch  Bkidge-Wall  Settixg  fok 

SiiALL  Boiler;  22  In.  from  Dead  Plate 

TO  Shell 

the  present  plants  be  overhauled  and  put  in   condition 
to  operate  without  smoke. 

When  reconstructing  plants  the  draft  must  be  looked 
to  first.  Patch  up  the  setting,  clean  out  the  doors  and 
flue  caps.  Stop  all  leaks  in  the  breeching,  take  out  un- 
necessarj'  turns  and  drops,  and  arrange  to  raise  the  stack 
if  the  load  requires  it.     The  breeching  will  probably  be 


Fig.  3. 


^Pdivd  iviffi  2"^  grade  *»»"« 
fire  brick  on  edge 

No.  8  Furnace  under  ?2-In.  x  18-Ft.  Boiler  ; 
20  In.  from  Dead  Plate  to  Shell 


is  presented  to  show  what  can  be  done  with  a  small  boiler 
set  low.  A  double-arch  bridge-wall  setting  is  applied  to  a 
48-in.xl2-ft.  boiler  set  22  in.  above  the  dead  plate. 
Proper  areas  have  been  so  worked  out  that  good  results 


Sewer 

Fig.  2.    Dead  Plate  to  Shell  19  In.,  Lowered  Dead 
Plate  and  Excavated  Combustion   Chamber 

found  too  small,  and  when  rebuilding,  proper  areas  should 
be  given  as  outlined  in  a  previous  article. 

There  are  thousands  of  horizontal  return-tubular  boil- 
ers in  use,  installed  years  ago  when  low  settings  were  the 
rule,  which  must  be  overhauled  before  any  showing  can 
be  made  in  smoke  reduction.  In  some  fortunate  cases 
these  boilers  may  be  raised  or  perhaps  the  foundations  are 
in  such  shape  that  excavation  may  give  proper  headroom 
for  the  furnace  installation.  In  other  cases,  the  limita- 
tions of  building  construction  make  it  impossible  to  raise 
the  boiler,  and  because  of  floating  foundations  or  building 
columns,  excavation  is  out  of  the  question. 

•Copyright,  1914,  by  Osborn  Monnett. 
tSmoke  inspector,  city  of  Chicago. 


Pit  Floor  Line 


Fig.  4.     Underfeed  Stoker  and  Return-Tubular 
Boiler;  31  In.  from  Dead  Plate  to  Shell 

can  be  expected  from  the  setting  up  to  the  capacity  of  the 
boiler. 

Larger  boilers  set  18  and  20  in.  from  the  shell  to  the 
dead  plate  are  much  more  difficult  to  clean  up,  and  they 
are  many.  Fig.  2  shows  a  60-in.xl6-ft.  boiler  set  ex- 
tremely low.  The  distance  from  the  shell  to  the  dead 
plate  is  only  19  in.  To  get  more  volume  over  the  grates 
the  dead  plate  was  pitched  to  give  a  drop  of  6  in.  at  the 
inner  edge,  as  shown  in  the  drawing.  This  made  pos- 
sible a  clearance  of  33  in.  between  the  grates  and  the 
shell  at  the  bridge-wall,  giving  proper  areas  through  the 
furnace  and  a  fairly  good  vertical  bridge-wall.  Another 
pecuLiarity  of  the  setting  was  that  a  sewer  passed  through 
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(lie  coiiiliustiDii  cliamber  and  in  excavating  only  enougli 
nialerial  could  be  taken  out  to  give  the  required  areas 
under  the  arches.  From  here  the  floor  of  the  combustion 
chamber  was  sloped  up  to  its  original  height  under  the 
blowoff.  This  remodeled  setting  is  operating  success- 
fully and  shows  what  may  be  accomplished  by  an  ingen- 
ious adaptation  of  design  in  special  cases.  It  would  not 
be  recommended  for  a  new  installation,  but  it  can  be  used 
where  other  arrangements  are  im])ossil)le. 


..yJ. 
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Fig.  5.     BuitKE  Gravity-Feed  Fornace  and  72-Ix.x 

18-Ft.  Ketukn-Tubulai!  Boileu  :    If)  In'. 

FROM  Flook  to  Shell 


boiler,  with  a  headroom  of  48  in.  between  the  floor  and 
the  shell.  As  shown  in  Fig.  5,  the  apf)lication  is  simple, 
and  where  the  draft  recpiirements  are  investigated  at  Ihc 
same  time  and  proper  attention  is  given  to  operation, 
these  furnaces  will  clean  up  an  old  horizontal  return-tub- 
idar  setting. 

If  floor  space  in  front  of  the  boiler  is  not  available  for 
an  extension  furnace,  the  problem  may  be  solved  by  in- 
stalling a  Moore  stoker.  As  ha.s  been  shown  previously, 
this  stoker  under  tubular  boilers  up  to  72  in.xlS  ft.  and 
1.50-hp.  capacity,  requires  only  48  in.  of  headroom.  As 
shown  on  p.  712  of  the  Nov.  17  issne,  the  setting  is  made 
flush  front  and  will  be  found  of  great  advantage  for  in- 
stallations requiring  low  headroom,  especially  where  floor 
space  is  limited  in  front  of  the  boiler. 

Another  condition  frequently  arises  in  connection  with 
horizontal  return-tubular  boilers.  Excavation  is  some- 
times made  to  lower  the  furnace  and  firing  floor  and  a 
pan  is  placed  at  the  bottom  while  the  floor  of  the  com- 
bustion chamber  is  left  at  the  original  level  of  the  ground. 
As  a  consequence,  it  is  ])ractica]ly  impossible  to  e.xcavatc 
in  the  combustion  chamber  for  a  deflection  arch  or  any- 
rliing    aii]iroaching    n    doubl(>-ari-h    bridge-wall    setting. 
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The  No.  8  furnace  shown  on  p.  l(i(i  of  the  Aug.  4  issue 
is  generally  much  better  adapted  to  low  settings  than  any 
of  the  other  furnaces.  It  is  possil)le  to  work  in  such  a 
setting  on  a  72  in.xl8-ft.  boiler  with  only  20  in.  between 
the  dead  plate  and  the  shell,  though  it  will  probably  be 
found  necessary  to  lower  the  combustion-chamber  floor  to 
get  the  proper  areas  througli  the  .setting.  Fig.  I!  is  a  typi- 
cal installation  with  the  areas  worked  o\it  properly  from 
the  percentages  of  grate  surface  given  in  a  previous  ar- 
ti<le. 

In  connection  with  these  old  horizontal  rctiivn-tuljular 
settings,  the  possibilities  of  the  underfeed  stoker  should 
be  carefully  considered.  Fig.  4  shows  a  freak  underfeetl 
setting  in  which  the  dead  plate  is  only  .'SI  in.  from  tin; 
shell.  This  is  about  the  lowest  headroom  permissible  for 
the  underfeed  stoker,  but  the  installation  is  running  sat- 
isfactorily not  only  from  the  smoke  standpoint  but  from 
maintenance.  The  total  height  of  the  setting  from  the 
floor  line  to  the  shell  i.s  .52  in. 

Another  pos-iibility  in  connection  with  low  settings  for 
lutrizontal  return-tubular  boilers  is  the  gravity-feed  fur- 
nace. In  ](laces  where  the  floor  space  is  available,  a 
Burke  or  ilcMillan  furnace  may  be  used  with  a  tubular 
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Sonictimes  the  settings  are  below  the  .sewer  level,  so  that 
tlie  ])an  is  made  of  metal  to  be  water-tiglit ;  an  attemjil 
to  disturb  the  setting  will  cause  the  firing  floor  to  lie 
flooded  with  water.  This  is  an  especially  difficult  instal- 
lation to  clean  up  with  a  hand-fired  furnace. 

If  a  No.  8  furnace  cannot  be  worked  in  with  the  ])ropcr 
areas,  a  gravity-feed  furnace  may  be  used,  provided  the 
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pan  will  allow  full  extension.  If  not,  then  only  the  under- 
feed stoker  will  lit  the  conditions,  as  it  is  the  one  type  of 
furnace  which  can  be  installed  in  the  pan  without  slightly 
excavating  the  ashpit. 

For  low  headroom  the  Scotch  marine  or  Continental 
type  of  boiler  is  another  possibility.  This  boiler,  with  a 
plain  setting,  cannot  be  expected  to  operate  within  any 
reasonable  smoke  ordinance,  so  that  some  type  of  furnace 
must  be  applied  to  make  it  satisfactory.  Fig.  (i  shows 
the  standard  uptake  for  this  type:  it  can  be  employed 
where  reasonable  headroom  is  available.  Limited  head- 
room, however,  sometimes  precludes  the  use  of  an   up- 
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Fig.  8.     Continental  Boiler,  150  Hp.,  and  Jones 
Underfeed  Stoker 

take  extending  above    the  top  of  the  boiler  fittings.     In 
this  case  a  breeching  connection  (Fig.  7)  can  be  used. 

One  point  to  be  considered  on  this  boiler  is  the  depth 
of  the  combustion  chamber.    This  should  not  be  less  than 


30  in.  in  boilers  up  to   100-hp.  capai-ity,  and  3(j  in.  to 
150-hp.  capacity. 

An  excellent  combination  is  the  Continental  Ijoiler  and 
Jpnes  stoker  shown  in  Fig.  8.     This  stoker  can  be  ap- 


SECTION  A-A 

Fig.  9.    Continental  Boiler,  100  Hp.,  and  McKenzie 

Furnace 

plied  to  a  corrugated  flue  as  small  as  36  in.  in  diameter 
and  where  headroom  is  low  it  offers  a  satisfactory  solu- 
tion of  the  smoke  problem. 

The  gravity-feed  furnace  can  be  easily  installed  under 
a  Continental  boiler  and  makes  a  good  semi-stoker  in- 
stallation where  draft  is  available  and  good  operating 
conditions  prevail.  It  is  installed  in  front  of  the  boiler 
and  needs  no  extended  description.  Fig.  6  shows  a  typi- 
cal Burke  installation  on  one  of  these  units. 

Fig.  0  shows  a  characteristic  McKenzie  gravity-feed 
furnace  serving  a  Continental  boiler  and  also  how  simple 
the  installation  becomes  if  there  is  room  in  front  of  the 
boiler.  The  gravity-feed  furnaces  are  especially  appro- 
priate for  low-pressure  plants  itsing  this  type  of  boiler,  be- 
cause of  the  absence  of  steam  to  work  a  stoker  engine. 
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By  Warren  0.  Rogers 


SYNOPSIS — Hunter  discusses  the  question  of  power 
production  for  mine  operation  with  steam  and  with  elec- 
trical generating  units.  He  points  out  thai  operators  of 
large  mines  find  it  economical  to  build  a  central  station  to 
supply  electrical  energy  for  several  mines.  He  suggests 
that  several  small  operators  could  advantageously  run  a 
central  power  plant  for  the  benefit  of  all,  each  user  paymg 
his  proportionate  share  of  the  expense. 

"Hunter,"  said  I,  the  next  day  after  visiting  the  Penn 
Mary  power  plant,  "is  it  better  for  a  mine  operator  to 
Ijuild  his  own  power  plant  or  to  use  central-station  cur- 
rent for  operating  the  mine?  We  have  visited  the  mines 
employing  both  sources  of  electrical  energy  and  it  looks 
to  me  as  if  the  coal  operator  could  supply  his  own  'juice' 
cheaper  than  he  can  buy  it,  if  he  has  a  plant  that  is  half- 
way fit.    Some  of  them  are  not,  I'll  admit." 

"Well,"  said  Hunter,  as  we  stepped  out  of  the  hotel  at 
Johnstown,  Penn.,  where  we  had  rumpled  the  bed  clothes 
during  the  night,  "most  coal-mine  operators  are  up  in  the 
air  when  it  comes  to  knowing  just  what  saving  power 
from  either  source  will  make.  If  no  record  has  been  kept 
of  the  cost  of  power  production,  the  operator  doesn't  know 
if  it  is  costing  him  more  than  what  he  can  buy  it  for. 
He  certainly  has  everything  in  his  favor  for  so  doing,  be- 


cause the  fuel  cost  is  low,  the  apparatus  is  simple,  and  the 
building  to  house  it  does  not  cost  much.'' 

"Say,  some  of  the  buildings  are  in  a  rather  'wenf  con- 
dition, aren't  they,  although  several  of  the  hoisting  jjlants 
are  kept  up  to  the  notch  ?  It's  the  boiler  houses  that  seem 
to  reflect  on  the  management  more  than  the  engine  de- 
partments. However  that  ma;  be,  the  two  main  things 
necessary  to  operate  a  power  plant  are  coal  and  water, 
and  both  are  had  at  the  mine  without  the  cost  of  bring- 
ing them  from  a  distance." 

"That's  right,  jump  before  you  look,"  laughed  Hunter, 
as  we  climbed  onto  a  trolley  car,  bound  for  a  mine  a  few 
miles  distant.  "The  coal  is  right  at  the  door,  but  its  value 
should  be  figured  at  the  price  it  would  bring  per  ton  if 
sold  in  the  market.  There  is  plenty  of  water  for  boiler 
and  condenser  use  if — and  it's  a  big  IF — the  water  were 
good  enough  to  use.  In  most  instances  it  is  not,  because 
of  acids,  and  then  it  is  a  ease  of  obtaining  good  water 
from  some  other  source.  Water  containing  sulphuric 
acid  will  eat  up  boilers  almost  as  fast  as  you  can  put  them 
in  place,  which  is  discouraging. 

"The  boilers  and  engine  units  in  a  mine  are  usually 
of  the  most  simple  design,  because  the  original  operators 
did  not  have  the  foresight  to  put  in  the  most  efficient  ma- 
chinery.    So,  with  cheap  units,  cheap  men  were  hired  to 
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operate  them,  althoiigh  better  men  are  now  being  em- 
ployed ;  a  lot  of  them  are  mighty  bright  fellows." 

"Aren't  j'oii  a  little  hard  on  the  mine  oiierators?"  I 
asked  after  handing  the  conductor  a  couple  of  nickels. 
"Isn't  it  true  that,  when  most  of  the  shafts  were  sunk, 
the  only  accepted  form  of  power  about  a  mine  was  steam  ? 
Besides,  many  of  the  mines  were  in  operation  long  before 
the  electric  motor  was  known.  Central-station  power 
would  mean  an  expensive  changing  of  everything  to  elec- 


FiG.  1.    A  Dahk,  Gloomy  Engixe  Eoom 

trie  drive,  especially  in  the  matter  of  mine  pumping, 
wouldn't  it  ?" 

"It  certainly  would,"  answered  Hunter,  "and  the  rea- 
son why  some  mine  operators  hesitate  about  putting  in 
electric  units  is  that,  even  with  a  certain  rate  quoted  for 
central-station  power,  they  are  not  sure  what  the  total 
cost  for  power  will!  be,  or  whether  there  will  be  a  saving 
or  a  loss. 

"At  some  mines  a  twenty-four-hour  service  is  wanted  of 
the  generating  units;  at  others  in.  the  neighborhood,  six- 
teen or  twenty  hours,  as  the  motor-driven  pumps  would 
have  to  be  operated  during  siu'h  periods  to  keep  the  mine 
free  of  water.  In  many  mines  the  coal-cutting  is  done  at 
night,  which  increases  the  load  factor.  Of  course,  the 
hoisting  is  confined  to  the  day  load,  the  few  trips  at  night 
being  for  miscellaneous  purposes.  All  fans  will  operate 
twenty-four  hours,  so  that  the  greatest  load  will  be  during 
the  day  shift,  which  includes  the  l)reaker  engines. 

"Now,  the  mine  operator  figures  that  he  has  his  steam 
equipment,  and  that  if  it  is  to  be  supplanted  by  electric 
drive  the  old  ap]}aratus  must  be  scrapped  or  sold  for  little 
or  nothing.  Most  of  them  cannot  see  that  it  will  put  any 
money  in  tlieir  pockets  to  displace  machinery  now  per- 
forming their  work  for  new  apparatus  that  is  going  to 
cost  several  thousands  of  dollars.  The  ]ilaiit  nuiy  lie  dark, 
dirty  and  congested,  but  the  wheels  go  'round  and  that 
is  what  counts  with  them."  (See  Fig.  1.) 

"Well,  it  is  easy  enough  to  see  things  from  tiicir  stand- 
point, but  T  cannot  see  that  it  is  always  economy  to  balk 
at  spending  money  for  new  machinery  that  will  make  a 
substantial  saving  in  the  cost  of  power  ])roduction.  I've 
been  told — and  I  think  it's  true,  judging  from  the  scrap 
pile — that  the  foremost  steel  companies  do  not  hesitate 
to  substitute  practically  new  machinery  with  some- 
thing that  will  do  the  work  better  and  cheaper,  and  tiuif 
they  find  it  to  their  advantage  to  do  so.  What  works 
well  in  one  place  should  be  of  value  in  the  other.  I  have 
an  idea  that  there  are  not  enough  data  on  hand  on  wliich 


Mr.  Operator  can  base  his  figures  to  give  an  intelligent 
statement  of  what  his  steam  plant  is  doing.  How  woidd 
you  go  about  figuring  the  cost  if,  for  instance,  you  were 
operating  a  mine?" 

"One  of  the  items  that  make  up  the  cost  of  mining  a 
ton  of  coal,  dealing  with  the  power  end,  is  that  of  labor 
for  operating  the  various  engines,  pumps,  fans,  hoists, 
etc.  Then  there  is  the  depreciation,  interest  on  the  in- 
vestment of  power-plant  equipment,  fuel,  repairs  and 
general  plant-operating  expenses.  Di\iding  the  total 
tonnage  of  coal  mined  per  day  and  loaded  onto  cars  for 
shipment  by  the  total  cost  of  operating  the  power  plant 
will  gi\e  the  cost  per  ton  of  coal  produced  for  the  market. 

"This  oijerating  cost,  excepting  the  lal)or  and  fuel,  goes 
t)ii  whether  the  mine  is  working  or  not.  although  at  a  re- 
duced rate,  because  fewer  men  are  employed  and  not  so 
inuch  coal  is  burned  in  the  boiler  furnaces.  The  horse- 
power de\"eloped  by  the  various  engines  about  a  mine  can 
be  determined  by  indicating  them  and  striking  an  aver- 
age horsepower  output  for  working  and  nonworking  days. 

"The  i^ower  of  the  fan  engines,  if  it  is  not  convenient  to 
indicate  them,  can  be  calculated  approximately  from,  the 
size  and  speed  of  the  engine,  the  steam  pressure,  the  size 
and  speed  of  the  fan.  the  air  pres.sure  and  volume  of  air 
in  cubic  feet  per  minute.  The  power  required  by  the 
hoisting  engine  can  Ix'  figured  from  the  work  being  done 
and  checked  by  the  size  and  speed  of  the  engine  and  the 
steam  pressure  available. 

"When  it  comes  down  to  facts  each  mine  or  group  of 
mines  ser\ed  by  the  power  plant  presents  different  condi- 
tions. If  one  mine  were  supplied  with  power  from  its 
own  steam  plant  and  the  mine  closed  down  the  overload 
charge  against  the  power  output  would  be  greater  than 
where  several  mines  are  served  by  the  same  power  plant, 
unless  all  of  them  were  closed  down  at  the  same  time." 

"But  are  there  not  cases  where  purchased  power  would 
be  more  economical  than  if  it  were  produced  at  tiie 
inine  ?" 

"I'll  admit  that  there  are;  it  depends  largely  upon  the 
load  factor,  which  is  the  ratio  of  the  average  use  of  the 
equipment  required  to  meet  the  maxinmm  load  condi- 
tions. You  will  realize  that  the  daily  load  factor  is  higher 
than  the  monthly  ratio,  because  during  the  mouth  the  av- 
erage nimiber  of  working  days  ranges  from  1.5  to  20.  This 
is  due  to  market  conditions,  car  shortage  and  labor  trouli- 
les.  Naturally,  the  annual  load  factor  is  lower  than  the 
monthly,  and  the  small  plant  serving  such  a  mine  would 
necessarily  carry  a  high  fixed  charge  per  kilowatt-hour. 
This  condition  is  lessened  if  current  is  purchased." 

"There  is  this  much  to  say ;  if  a  central  station  can  sup- 
])ly  electrical  energy  at  a  certain  figure,  the  modern  iso- 
lated plant  can  produce  it  cheaper." 

"Well,  they  do  it  in  other  fields  and  it  is  reasonable 
to  assume  that  a  miiung  ])i'oposition  can  do  the  same."' 
Just  then  the  car  stopped  near  the  Berwind- White  Co.'s 
No.  to  colliery  at  Scalp  Level.  As  we  made  our  way 
toward  the  ])ower  plant.  Hunter  said,  "The  central-sta- 
tion man  will  tell  you  that  the  individual  mine  plant  is 
usually  located  at  the  least  favorable  point,  considered 
from  an  electrical  standpoint — at  the  mouth  of  the  mine, 
tie  will  tell  you  that  this  is  so  because,  as  the  mine  is  de- 
velo|)ed,  the  electrical  center  of  the  load  recedes  from 
the  plant  and  the  loss  in  the  distributing  system  con- 
stantly increases.  And  he  is  riglit  in  that  also,  becan-i' 
it  will  be  necessary  to  either  increase  the  size  of  the  copper 
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transmission  lines  or  to  o])erate  witli  low  voltage  at  the 
point  of  delivery. 

"Tie  does  not  mention  that  it  is  a  comparatively  simple 
matter  to  put  in  an  alternating-current  generator  and 
transmit  electrical  energy  to  a  small  substation  where  the 
cnergv'  can  be  transformed  to  direct  current  for  use  in 
the  mine.  If  current  were  purchased  it  would  be  neces- 
sary to  send  it  to  the  motors  in  the  mine  as  direct  cur- 


short-  and  long-distance  transmission  of  electrical  energy, 
which  permits  of  placing  alternating-current  motors  driv- 
ing direct-current  generators  at  points  where  they  will 
give  the  best  oiierating  residts,  and  which  can  be  easily 
moved  as  mining  conditions  change.  If  the  mine  is  not 
gaseous,  there  is  no  reason  why  the  sulistation  could  not 
be  underground."' 

"Rather  a  daniji  plaio  for  high-tension  electrical  appar- 
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rent,  which  would  mean  that  a  motor-generator  set  would 
have  to  be  purchased." 

We  had  by  this  time  reached  the  power  plant  (Fig.  2) 
in  which  a  300-kw.,  5o0-volt  generator,  driven  by  an  18- 
and  -12-  by  32-iu.  cross-compound  engine  was  operating. 
This  imit  supplied  electrical  energj'  to  motors,  etc.,  oper- 
ating in  the  mine  close  at  hand.  For  distant  transmis- 
sion there  was  a  1000-kw.  turbo  unit  generating  three- 
phase,  25-cycle,  6600-Tolt  current,  wliich  was  transformed 
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Fig.  3.     Plants  Are  Operated  with  Bare  Pipes, 
Leaking  Joints  and  General  Disorder 

to  13,000  volts  for  distant  transmission.  Here  was  a 
situation  that  had  been  met,  as  Himter  had  suggested, 
v.-ithout  serious  line  losses  and  low  voltage  at  the  terminal 
points. 

There  were  also  two  cross-comi^ound  20-  and  48-  by 
36-in.  air  comjiressors  which  at  75  r.p.m.  delivered  air  to 
the  mine  at  75  lb.  pressure. 

"You  see."  said  Hunter,  after  we  had  looked  oxer  tlie 
plant,"  that  this  outfit  is  flexible  in  that  it  takes  care  of 


atus  ?'■  I  suggested  as  we  turned  to  leave  the  plant.  "I 
should  think  tliere  would  be  trouble  with  burnouts." 

"Yes,  that's  so.  I  remember  one  case  where  the  roof 
fell  in  on  the  apparatus  and  put  the  mine  out  of  ser- 
vice. A  brick  lining  was  built  to  prevent  a  recurrence  of 
similar  trouble.  This  lining  sweated  so  and  the  apparatus 
became  so  wet  that  there  were  frequent  motor  burnouts. 
This  trouble  was  partly  overcome  by  putting  a  wooden 
lining  inside  of  the  brickwork." 

"It  seems  strange  that  several  small  operators  do  not 
combine  and  budd  their  own  central  station  and  meter 
the  current  consumption  of  each  operator;  then  each  oper- 
ator would  pay  his  proportional  part  of  the  operating  ex- 
pense." 

"Yes,  I've  wondered  why  they  do  not  get  together,  but 
they  don't.  Most  of  them  go  it  alone  and  operate  their 
plants  with  bared  pipes,  leaking  joints  and  general  dis- 
order (Fig.  3),  even  though  they  are  less  than  half  a 
mile  from  the  next  mine.  It  could  easily  be  done  by  each 
operator  sharing  in  the  expense  in  proportion  to  the  tons 
of  coal  mined  and  the  amount  of  current  consumed." 

Just  then  the  car  turned  a  corner  and  we  were  back  at 
the  hotel  in  time  to  pay  our  respects  to  the  supper  table. 

:^ 

Tlierinuuieter  auil  Mercury  fuluniu  Readiu;^ — Whenever 
possible,  a  thermoineter  should  be  installed  to  give  the  tem- 
perature of  the  exhaust  steam,  as  this  temperature  can  be 
used  as  a  check  on  the  reading  of  the  mercury  column,  but 
the  pressure  shown  on  the  mercury  column  does  not  corre- 
spond to  the  exhaust  steam  temperature  according  to  the 
regular  tables  of  pressure  and  temperature  relations  of  sat- 
urated steam.  The  thermometer  reading  will  always  be 
that  corresponding  to  some  pressure  lower  than  the  mer- 
cury column  reading.  This  difference  is  due  to  the  fact  that 
there  is  always  some  air  mixed  with  the  steam  entering  the 
condenser  and  the  condenser  pressure  is  the  sum  of  the 
vapor  pressures  of  both  the  air  and  steam  present.  The 
temperature  reading  for  the  exhaust,  however,  will  be  that 
corresponding  to  the  vapor  pressure  of  the  steam  alone.  The 
relation  between  the  relative  amounts  of  air  and  steam  and 
their  respective  vapor  pressure  is  one  of  direct  proportionality 
of  the  relative  volumes  of  the  two  to  their  separate  vapor 
pressures. 
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Electrical  aci-idenls;  t'Uch  as  thai  wliu-li  rei-eully  par- 
alyzed a  large  section  of  C'levelaud'.s  business  district, 
should  serve  as  a  warning  to  managers  who  may  be 
tempted  to  abandon  their  own  plants  in  favor  of  central- 
station  service.  This  is  only  one  of  a  number  of  like  in- 
stances during  the  past  few  years,  and  if  they  continue,  a 
rv'vision  of  the  usual  central-station  solicitor's  arguments 
would  seem  in  order.  While  the  occurrence  is  deplored 
and  the  Cleveland  Illuminating  Co.  is  to  be  commended 
for  its  prompt  efforts  to  restore  service,  still  the  fact  re- 
mains that  business  suffered  iieavily  and  several  thousand 
were  rendered  idle,  not  to  mention  the  inconvenience. 

It  would  be  foolish  to  contend  that  either  tiie  central 
stat'on  or  the  private  plant  is  the  more  liable  to  inter- 
rupted service;  but  an  accident  to  the  former  has  a  more 
farreaching  effect,  and  the  latter,  with  breakdown  serv- 
ice as  a  safeguard,  provides  ample  security  against  almost 
any  contingency. 

Striking  contrast  was  offered  between  Cleveland's  two 
largest  hotels,  the  Statler,  on  central-station  service,  and 
the  Hollenden,  which  has  its  own  generating  plant.  In 
the  former  there  were  no  elevators  running  and  the 
guests  were  compelled  to  climb  to  their  rooms  and  dress 
1,'y  caudle  light.  Moreover,  the  upper  floors  were  without 
water.  On  the  other  hand,  everything  went  oJi  as  usual 
in  the  Hollenden. 


A  member  of  the  American  Society  of  Mechanical  En- 
gineers, whose  name  is  intimately  associated  with  the 
word  "efiiciency"  in  magazine  and  other  advertising  mat- 
ter, aspires  to  reform  that  body.  Perhaps  it  is  unfair  to 
suggest  that  the  motive  is — pui)licity  for  himself — but  a 
suspicion  of  that  is  strengthened  by  the  fact  that  there  is 
nothing  in  this  instance  to  reform.  Be  that  as  it  may, 
we  have  no  quarrel  with  those  who  seek  honors  of  the 
kind,  but  we  submit  that  when  one  hopes  to  be  carried 
into  a  position  of  favorable  prominence  on  a  wave  of  dis- 
content he  should  be  sure  that  there  is  water  enough  to 
float  him  across  the  flats.  To  begin  with,  it  wouhl  seem 
most  efficieiil  to  first  investigate  the  existence  or  nonexist- 
ence of  tlie  conditions  one  is  going  to  criticise. 

There  would  have  been  time  for  a  little  of  this  even  be- 
tween Nov.  24,  the  date  of  an  open  letter  to  the  managers 
of  the  society,  printed  and  circulated  among  members, 
and  Dec.  1.5.  when  one  was  addres.sed  directly  to  the  latter. 
The  first  was  an  inflefinite  protest  against  the  present  con- 
duct of  the  society's  headquarters  and  social  affairs  that 
amounted  to  a  threat  to  "start  something."  It  was  so 
siigaciously  worded  that  there  whs  still  chant-e  to  drop  the 
matter,  if  the  vaccination  with  the  virus  of  dissatisfaction 
did  not  take  on  the  body  of  the  members  at  large. 

Apparently  the  letter  writer's  own  enthusiasm  deceived 
him  into  thinking  that  he  had  a  following,  for  in  his 
second  epistle  he  says  that  he  had  far  more  answers  than 


lie  expected  (which  was  modest — that  he  got  any,  surprises 
us;  still,  in  any  crowd,  there  are  always  some  of  a  com- 
bative disposition,  typified  by  the  Irishman  in  a  strange 
saloon  who  begged  to  know  if  the  riot  going  on  in  the  rear 
was  a  "private  fight").  Further,  he  states  that  the  pro- 
portion of  answers  from  those  sympathizing  was  over  90 
per  cent.  We  would  have  anticipated  a  full  hundred  per 
cent.,  for  we  are  amazed  that  any  but  the  said  parties  of 
a  combati\e  disposition  would  have  taken  the  first  screed 
seriously  enough  to  reply  to  it. 

Then  he  proceeds  with  his  bill  of  particulars  as  to  what 
be  wants  different  in  the  running  of  the  society,  including 
under  greater  facilities  for  members  at  headquarters, 
rooms  for  transacting  temporary  business,  writing  and 
study  facilities,  stenographic  and  typewriting  service,  for- 
warding of  mail,  a  dressing  room,  and  a  research  bureau 
to  consult  books,  pamphlets  and  periodicals  in  the  library 
for  memliers.  If  it  had  oct'urred  to  him  to  ask  someone 
he  might  have  learned  that  every  one  of  these  privileges  is 
i:ow  among  the  numerous  others  at  present  enjoyed  by  the 
members  who  come  around  and  take  advantage  of  them. 

Next  he  proposes  "a  small  increase  in  annual  dues  to 
members  i-esiding  within  commuting  distance  of  New 
York."  From  this  we  see  that  he  has  about  17  years  the 
better  of  Washington  Irving's  hero  of  the  Catskills,  for 
Eip  slept  for  20  years,  and  it  was  only  three  years  ago 
that  the  society  considered  an  amendment  to  the  constitu- 
tion providing  for  an  increase  of  three  dollars  per  year  to 
the  dues  of  all  New  York  members,  which,  when  it  was 
later  put  to  vote,  was  lost. 

We  think  we  recall  why  he  missed  this,  for,  if  we  are 
not  mistaken,  it  was  on  the  occasion  when  this  amendment 
M'as  being  discussed  that  he  flounced  out  of  the  meeting 
in  disgust  after  arising  and  asking  when  they  were  going 
to  get  to  the  professional  papers;  that  he  came  there  for 
the  purpose  of  hearing  and  discussing  flicni,  and  that  the 
members  at  large  were  not  concerned  with  the  troubles  of 
the  New  ^'ork  members.  Evidently  he  has  awakeneil 
a  tardy  interest  in  the  latter,  howbeit  it  is  rather  im-oii- 
sistent.  The  intent  of  the  amendment  was  lo  care  for  our 
friend's  final  recommendation : 

''A  recognition  of  the  social  values  of  the  society  by 
definite  entertainment  once  a  year  of  outside  members  and 
their  families.  A  simple  luncheon  to  visitors  on  the  days 
of  the  annual  meeting  and  a  formal  reception,  dance  and 
supjier." 

At  one  time  all  of  these  were  furnished  free  of  charge 
to  the  out-of-town  members,  a  part  of  the  New  York 
members  paying  the  bills.  To  be  exact,  about  10  per  cent, 
of  the  local  members  contributed,  which  obviously  was 
inifair  when,  if  all  would  do  their  share,  $3  a  man  would 
be  enough.  It  w'as  to  cfu-rect  this  injustice  that  the 
amendment  was  proposed,  and  the  loss  of  it  brought  about 
the  present  "pay-as-you-go"  plan  whereby  everyone,  resi- 
dent or  nonresident,  pays  his  own  way  to  the  dinner  and 
dance  and  buys  his  own  lunches.  (The  president's  re- 
ception  is  financed   from  the  society's  treasury.)      The 
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new  «iiv  has  ajiprovnl,  os]iecially  from  niGiiibcrs  from  ont- 
side  of  New  York  who  feel  that  every  year  is  too  often  to 
im]iose  on  the  Xew  York  members'  hospitality  (the  an- 
nual meetings  being-  always  in  Xew  York),  while  they  re- 
1i:rn  tlie  compliment  not  oftener  than  once  in  10  years, 
ir  at  all  (the  semi-annual  meetings  being  held  in  other 
cities).  But  all  of  thi.s  is  ancient  history  to  those  who 
keep  in  touch  with  the  society  and  know  what  it  is  doing. 

This  society  is  not  perfect  any  more  than  any  other, 
and  there  are  some  things  about  it  which  might  be  better, 
Init  it  is  only  those  who  are  too  busy  to  get  around  to 
the  meetings  who  have  the  temerity  to  think  they  can 
improve  things.  Ignorance  is  often  the  foundation  of 
courage.  It  takes  those  who  have  no  children  to  tell 
(ithers  how  to  raise  theirs. 

All  things  considered,  the  society  is  as  well  managed 
and  its  privileges  and  facilities  are  as  complete  as  can  be 
expected.  The  great  majority  of  the  members  concur  in 
I  his  belief  and  no  individual  will  increase  his  popularity 
l-.y  attacking  the  present  methods  without  offering  tang- 
ilile  ways  of  improving  them.  Even  then  he  can  do  it 
niore  ffficieiilli/  by  adopting  the  usual  and  more  courteous 
cour.se  of  submitting  his  suggestions  to  the  council.  Any- 
tlumj'  else  is  tactless. 


How  many  engineers  realize  that  over  eighty  per  cent., 
say  four-fifths,  of  the  failures  each  year  in  the  business 
world  are  attributed  to  the  shortcomings  of  those  who 
failed  and  that  the  remainder  are  due  to  causes  appar- 
ently beyond  their  control? 

Probably  the  same  ratio  of  failures  of  engineers  to 
]nake  good  will  hold  in  the  steam-engineering  field.  The 
causes  may  be  incompetence,  inexperience,  neglect  of 
duty,  doubtful  habits  and  dishonest)\ 

An  incompetent  engineer  is  a  dangerous  person  in  any 
engine  room,  and  although  employers  are  paying  more 
attention  to  the  qualifications  of  the  men  they  put  in 
charge  of  their  power  plants — Ijecause  they  are  learning 
that  economy  in  operation  is  essential  in  many  instances 
to  success — there  are  those  who  have  not  learned  the  les- 
son and.  when  a  vacancy  occurs,  will  engage  almost  any- 
one who  happens  along  looking  for  a  job. 

AVhen  an  incompetent  man  is  in  charge  of  a  steam 
l>lant.  anything  is  likely  to  occur,  from  a  boiler  ex- 
plosion, or  a  wrecked  engine,  to  burned  boilers  and  bear- 
ings, scored  cylinders  and  other  power-plant  misha])s 
which  can  be  and  are  avoided  by  engineers  who  know  their 
Imsiuess. 

An  engineer  may  have  had  years  of  experience,  and 
still  be  incapable  of  coping  with  the  conditions  existing 
in  the  plant  of  wliidi  he  may  have  charge.  Experience 
does  not  always  make  a  man  competent.  Lack  of  judg- 
ment, inabilitj'  to  decide  quickly  in  an  emergency,  and 
allowing  matters  to  go  from  bad  to  worse  are  character- 
istics of  an  incompetent  engineer. 

Inexperience  does  not  prevent  a  man  from  attempting 
to  do  work  for  which  he  is  inclined,  but  it  should  prevent 
an  engineer  from  occupying  a  position  he  cannot  fill  with 
intelligence  and  ability.  It  is  a  simple  matter  to  operate 
a  fifty-horsepower  boiler,  a  slide-valve  engine,  an  injector 
or  a  small  feed  pump.  It  is  a  different  matter  to  operate 
a  condensing  plant  of  several  units  and  complicated  ap- 
paratus.    While  the  inexperienced  engineer  might  worry 


along  in  the  small  plant,  he  would  be  a   failure  in  the 
larger  one. 

Negligence  counteracts  ability  and  experience  and  will 
result  in  an  unsuccessful  career.  The  tendency  to  put 
off  doing  things  is  characteristic  of  most  men  and  retards 
their  iirogress  in  proportion  to  the  extent  it  is  practiced. 

The  beginning  of  a  new  year  is  almost  here,  and  while 
most  of  the  resolutions  made  at  that  season  are  soon 
broken  and  ca.st  aside,  it  is  not  a  bad  idea  to  resolve  to  do 
better,  especially  where  known  deficiencies  exist.  Looking 
back  at  the  ]jerformance  of  yesterday  is  only  useful  as 
an  ol)ject  lesson  of  what  might  have  been  done,  because 
most  yesterdays  are  punctured  with  failures  of  some 
kind.  Today  there  are  problems  which  may  be  solved. 
Perhaps  the  mistakes  of  yesterday  have  taught  nothing, 
or  it  may  be  that  they  have  made  a  deep,  lasting  impres- 
sion:  it  all  depends  upon  the  man. 

But  what  of  tomorrow?  A  few  days  ago  millions  of 
dollars  were  lost  with  the  burning  of  the  factory  of 
Thomas  A.  ICdison,  now  sixty-seven  years  old.  Accord- 
ing to  reiiorts,  borne  out  by  action,  Mr.  Edison  did  not 
sto])  to  think  of  the  past.  Even  while  the  fire  was  at  its 
height,  he  was  thinking  of  what  he  was  going  to  do  to- 
morrow. The  ne.\t  morning  workmen  were  busy  prepar- 
ing to  rebuild  the  works. 

Do  you  get  the  idea?  Yesterday  and  today  are  of  the 
])ast  and  present,  tomorrow  is  of  the  future,  and  is  full 
of  opportunities,  except  for  the  engineer  who  is  satisfied  to 
continue  iiu'ompetent  and  neglectful. 

A  dishonest  or  grafting  engineer  will  soon  run  his  race 
and  be  discredited  in  the  end.  No  employer  will  con- 
tinue to  employ  such  a  man  after  his  true  character  is 
known,  and  deep  down  in  his  heart  the  grafter  knows  that 
he  is  held  in  contempt  by  his  fellow  men. 

A  man's  habits  have  much  to  do  with  his  success.  No 
engineer  can  carouse  all  night  and  be  at  his  best  the  next 
day.  If  the  truth  were  known,  many  preventable  acci- 
dents have  occurred  while  a  man  whose  brain  was  clouded 
from  the  effects  of  the  night  before  was  on  duty. 

Even  if  criticism  of  a  serious  nature  is  not  in  order,  it 
is  worth  anyone's  while  to  look  ahead  with  the  idea  of  ac- 
complishing more  in  his  line  of  endeavor  and  not  to  be 
content  unless  lie  is  steadily  improving. 
'*; 

"It  is  a  reflection  on  any  city  when  its  merchants  have 
to  build  'white  way.s'  to  light  the  chief  thoroughfares 
properly,  themselves  .shouldering  the  expense,"  says  the 
Electrical  World.  City  lighting  is  paid  for  by  the  citi- 
zens in  their  taxes;  the  merchants  pay  for  their  private 
lighting  out  of  the  profits  derived  from  selling  to  the 
citizens,  so  what's  the  difference?  The  poor  dear  public 
is  always  the  one  that  pays  the  freight  in  the  end  anyhow. 
If  the  city  did  all  the  lighting,  the  enterprising  merchants 
would  have  no  opportunity  to  out-illuminato  their  rivals. 
■We  cannot  work  up  a  great  amount  of  sympathy  for  the 
merchants  in  this  regard. 

:*; 

Take  the  imjn-ession  received  from  gazing  on  the  pic- 
ture at  the  bottom  of  page  'J13,  raise  it  to  the  nth  power 
and  you  will  begin  to  have  a  slight  conception  of  what  the 
present  European  war  means  to  indiistry  alone.  Such 
destruction  consequent  upon  accident  is  lamentable 
enough  in  individual  cases.  It  is  appalling  when  one 
thinks  that  the  ruins  here  pictured  arc  but  typical  "f 
manv  more  and  all  brought  about  delibcratelv. 
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lied  on  arms  swung  from  the  compressor  frame  and  is 
live  to  raise  and  lower,  or  floats  on  the  belt. 

While  the  idler  pulley  is  light,  its  weight  is  sufficient 
to  take  up  the  slack  and  hold  the  belt  against  the  driving 
pulley.  When  the  tension  on  the  tight  side  of  the  belt 
increases  and  lengthens  the  slack  side  of  the  Ijelt,  the 
idler  pulley  innnediately  lowers,  taking  up  the  slack  and 
at  tiie  same  time  wrapping  the  belt  further  around  the 
reater  are  of  contact.     The 


On  page  (i!)ii,  Xov.  ID.  W.  F.  Schaphorst  treated  certain 
idlers  on  belt  drives  as  though  they  were  something  new, 
but  compressor  builders  have  long  used  them. 

To  test  their  efficacy,  the  Ingersoll-Eand  Co.  equipped  a 
niacliine  in  its  power  house,  some  four  years  ago,  and  their 
performance  was  closely  observed  for  aljout  a  year.  As  a 
result  they  have  been  adopted  as  standard  design  under 


<li-iving  pulley  and  giving  a 
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Fig.  1.     LoxG  Belt  witiioi  r  Idlk 
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the  name  of  the  "Short-Beit  Electric."  The  compressor 
builder  sought  this  means  in  order  to  solve  the  limited- 
fioor-space  prolilem,  but  this  is  not  considered  the  only 
advantage,  as  the  illustrations  will  show. 

Fig.  1  is  the  ordinary  belt  drive,  in  which  the  distance 
between  centers  of  pulleys  must  be  sufficient  to  give  a 
reasonable  are  of  belt  contact  on  the  motor  pulley,  which 
at  best  never  exceeds  170  deg. 


Fio.  4.     Sttoi't  Rkt.t  with  a  Fi.oatixo  Idler 

Fig.  2  is  sometimes  resorted  to  wlieri  Fij,.  I  fails  to 
work  satisfactorily.  A  tightener  pulley  ('  is  placed  be- 
tween the  pulleys  A  and  B  and  held  (innly  against  the 
belt.  This  increa-ses  the  arc  of  contact  on  the  motor  pul- 
ley to  18.")  or  1!I0  deg.,  but  it  also  increases  the  belt  ten- 
sion, which  is  undesirable. 

Figs.  :J  and  I  show  the  short  belt  drive.  This  consists 
of  the  driving  pulley  A.  the  driven  pulley  B,  and  an 
idler  pulley  C  whidi  is  jilaced  on  the  slack  side  of  the 
belt  dose  to  the  driving  jmllcy.    The  idler  pulley  is  car- 
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belt  contact  is  increased  rather  liian  the  tension. 

Most  i)elt-transniission  losses  come  from  slippage  or 
from  excessive  tension.  With  the  short-belt  drive  there 
is  no  initial  belt  tension  and  but  little  slippage.  When 
the  motor  is  stopped  the  belt  has  no  strain,  and  only 
the  strain  of  the  eifort  while  in  motion. 

It  will  be  seen  from  the  foregoing  that  this  form  of 
idler  has  long  passed  the  experimental  stage. 

Charles  A.   Hirshbero. 

New  York  City. 

RecapiTOcatnEa^^P^innip)  Slippage 

The  Xiiv.  2i  issue  contaiu.--  an  article  on  '"Calculating 
Pump  Slippage,"  by  J.  C.  Hawkins.  His  method  is 
one  advocated  by  many  writers,  but  I  believe  it  gives 
results  that  are  not  only  misleading  but  which  may  be 
incorrect.  Briefly,  the  method  is  to  tap  a  one-inch  pipe 
into  the  disdiarge  line  of  the  pump  and  run  this  small 
pipe  to  a  barrel  on  a  scales  or  to  a  tank  of  known  capac- 
ity. Tlieu  close  the  main  discharge  valve  on  the  pump 
and  let  the  water  flow  through  the  one-inch  line  to  the 
weighing  apjiaratus,  running  the  pump  at  such  speed 
as  t(i  ma'ntain  the  water  pressure  at  the  regular  working 
pressure.  The  slippage  can  then  be  computed  by  cal- 
culating the  theoretical  displacement  and  subtracting 
from  it  the  actual  displacement  of  the  amount  of  water 
]uimped. 

The  objection  to  this  method  is  i)ascd  upon  the  fol- 
lowing : 

E.xpernnents  conducted  by  the  writer,  nie  results  of 
which  were  summarized  in  Fowkh  about  two  years  ago. 
show  that  the  slippage  of  a  reciprocating  ]uimp  is  de- 
pendent upon  two  factors;  namely,  discharge  pressure 
and  ]riston  speed.  For  a  given  pressure,  curves  were 
drawn  showing  the  relation  between  piston  speed  and 
slippage.  The.><e  curves  reveal  that  at  slow  speeds  tli<- 
jiercentage  of  slip   is  very  high,   it   i)cing  alxive  80  per 
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rent,  in  many  instances.  Witli  an  inr-rease  in  the  speed 
of  tlie  pump  the  slippage  decreased  rapidly  until  the 
))unip  reached  approximately  its  rated  speed,  after  which 
the  curve  became  quite  flat — in  other  words,  the  percent- 
iiije  of  slippage  became  nearly  constant. 

From  the  foregoing  it  can  be  seen  that  any  method 
of  determining  slippage  is  incorrect  if  it  entails  the  run- 
ning of  the  pump  at  a  speed  other  than  its  regular  work- 
ing speed.  The  amount  of  error  which  might  be  en- 
countered depends  upon  the  difference  between  the  test- 
ing and  the  running  speeds. 

If  in  testing,  the  pump  is  run  at  a  relatively  slow  speed, 
the  percentage  of  slip  will  be  extremely  high.  Proof 
of  this  will  be  formd  in  the  fact  that  any  pump  can  be 
run  at  a  speed  so  slow  that  no  water  will  be  pumped  at  all. 

One  concludes  that  when  conducting  slippage  tests  it 
is  important  to  reproduce  as  nearly  as  possible  the  oper- 
ating conditions  of  pressure  and  piston  speed,  the  latter 
being  by  far  the  more  important. 

ilERTIN    K.    BaER. 

Chicago,  111. 
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A  short  time  ago  I  saw  a  tool  for  holding  in  place  the 
springs  on  a  pump  valve  where  the  valve  chests  open  at 
the  side  and  there  is  no  room  to  hold  the  spring  down 
with  one  hand  and  start  the  nut  with  the  other.  I  al- 
ways press  the  spring  together  and  tie  it  on  each  side; 
then  it  can  be  dropped  in  place  and  the  nut  ]3ut  on  with- 
out difficulty,  after  which  the  string  is  cut  to  release  the 
spring. 

C.  H.  Lloyd. 

Montreal.  Canada. 


CalcuslaMsa^  F^ssap  SlSjjppsi^e 

The  article  on  this  suljject  by  J.  C.  Hawkins,  in  the 
Nov.  24  issue,  is  misleading.  The  1-in.  pipe  serves  no 
useful  purpose  and  the  trouble  of  putting  it  in  and 
weighing  the  water  in  barrels  might  as  well  be  saved. 
Furthermore,  the  percentage  of  slippage,  calculated  by 
this  method,  would  not  be  the  percentage  of  slippage  at 
normal  or  any  other  speed  except  that  of  the  test.  In  fact, 
this  method,  when  used  on  a  large  pump,  would  give  a 
slippage  of  about  90  per  cent,  when  at  normal  speed  it 
was  al)out  10  per  cent. 

Blank  off  the  main  discharge  pipe,  run  the  pump  as 
stated  by  ilr.  Hawkins  so  as  to  maintain  normal  pressure, 
count  the  number  of  strokes  per  minute  and  divide  by 
the  number  of  strokes  per  minute  when  the  discharge 
valve  is  open.  The  result  is  the  percentage  of  slippage 
with  the  discharge  valve  o]3en.  In  this  way  the  ajjpi-oxi- 
mate  percentage  of  slippage  at  any  speed  is  readily  cal- 
culated. 

Mt.  Hawkins  also  makes  the  mistake  of  saying  that 
the  slip  would  be  greater  at  high  than  at  low  speeds. 
The  opposite  is  apt  to  be  the  case — in  fact,-  the  slippage 
sometimes  becomes  zero  or  even  a  negative  quantity  at 
high  speeds  due  to  the  inertia  of  the  water.  In  other 
words,  at  high  speed,  the  pump  may  actually  deliver 
more  water  than  its  piston  displacement.  For  this  reason 
the  only  accurate  method  is  to  measure  the  actual  amoimt 


of  water  delivered.  A  good  approximation  may  be  made 
by  blocking  the  piston,  remoxing  a  check  valve  on  one 
end  of  the  pump  and  metering  the  water  from  the  drain 
pipe  on  the  other  with  the  discharge  valve  open  and  with 
full  pressure  on  the  pump.  This  will  give  the  quantity  of 
slippage  if  the  drain  pipe  is  large  enough  to  take  care  of 
it.  The  piston  should  be  blocked  in  several  positions  and 
the  average  taken. 

George  L.  Sullivan. 
Santa  Clara.  Calif. 


I  once  ]:)ut  a  gasket  in  the  flange  of  the  oil  separator 
compartment  of  the  closed  feed-water  heater  shown.  As 
we  were  not  prepared  to  lift  the  tubes  out  we  had  to  do 
the  job  the  following  way : 

First,  we  secured  four  pieces  of  6x6-in.  timber  that 
were  8  in.  longer  than  the  distance  from  the  floor  to  the 
flange  at  the  top  of  the  shell.    With  four  jacks  we  raised 


Heater  Kesting  on  Timbers  While  Basket  Is 
Renewed 

the  heater  4  in.  and  put  the  6x6-in.  timber  in  place,  nail- 
ing on  liraces  and  otherwise  securing  them  so  that  they 
could  not  sli]). 

Then  the  four  stands  or  legs  were  taken  off,  the  jacks 
put  in  their  places,  all  the  bolts  taken  out  of  the  bottom 
flange,  and  the  bottom  head  lowered  with  the  jacks  and 
slid  out  of  the  way. 

As  the  nuts  of  the  separator  flange  could  not  lie  turned, 
we  twisted  the  liolts  in  two,  as  they  were  all  rusted 
through  and  aliout  ready  to  break.  We  cleaned  both  faces 
and  cut  tlie  gasket  and  sttick  it  to  the  bottom  face  with 
shellac.  Soon  we  found  that  putting  our  work  together 
was  more  difficult  than  the  tearing  down  had  been.  As 
there  wa^  no  room  for  all  the  bolts,  we  put  in  what  we 
could  and  tightened  them.  Then  we  proceeded  to  find  a 
way  to  finish  the  job. 
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A  large  manhole  for  cleaning  purposes  was  near  tlie 
bottom  of  the  shell.  We  cut  three  more  openings  3  in.  high 
by  8  in.  long.  This  gave  the  required  room  to  put  in  all 
the  bolts. 

Next,  the  lieater  was  given  a  cleaning  and  the  bottom 
head  ])iit  on,  after  which  the  shell  tubes  and  all  were  low- 
ered on  the  stand.  Three-eighths-inch  boiler  steel  cover- 
plates  were  made  to  fit  over  the  holes  we  had  cut  in  the 
shell,  the  plates  being  held  with  half-inch  capscrews. 
These  lioles  proved  to  be  handy  for  cleaning,  as  we  coaild 
get  to  all  i)arts  of  the  heater  with  a  scraper  and  rake  the 
scale  out  that  lodged  between  the  tubes. 

A.  G.  Solomon. 

Chicago.  Til. 


In  reading  the  articles  by  Mr.  Mouuett  I  have  noted 
one  ajjparent  omission,  the  dutch-oven  furnace  or  com- 
bustion arch  over  the  furnace,  with  which  I  have  had 
considerable  experience. 

On  testing  many  different  mixtures  of  firebrick  and 
refractories  in  our  laboratory,  I  have  found  that  there 
are  certain  mixtures  that  will  stand  up  better  than  oth- 
ers. Again,  a  flat  arch  that  is  practically  level  will  not 
stand  up  as  long  as  one  having  its  height  increased  uni- 
formly from  the  grate  as  it  extends  toward  the  bridge- 
wall.  I  have  laid  this  to  the  fact  that  the  hot  flames 
and  gases  impinge  on  the  flat  surface  and  are  not  car- 
ried away  rapidly  enough. 

I  would  like  to  know  what  experience  others  have  had 
along  these  lines  and  if  they  have  made  any  tests  of  the 
refractories  used. 

A.  E.  Walden. 

Baltimore,  Md. 

W. 

A  Sfaiad^^  S-piT'Si.y   F^sHap 

A  sprayer  wliiih  can  be  used  for  many  purposes  about 
the  power  plant  is  shown  in  the  illustration.  It  is  made 
of  a  bicycle  foot  pump  of  the  desired  size  and  an  alu- 
minum gas-burner  tip  fastened  with  a  small  piece  of  cop- 
l)er  wire.  The  wire  is  wound  around  the  threaded  spout 
of  the  pump  uu  which  tlic  rul)ber  tubing  is  usuallv  at- 


Sphay  Pump  rx  Action 


tnclu'il,  and  tiie  aluminum  gas  tip  is  then  .screwed  ovei- 
tlie  wire  and  spout,  the  wire  serving  to  keep  it  securely  in 
place.  Tlie  punij)  washer  sliould  1)C  reinforced  with  sev- 
eral others  to  avoid  leakage. 

The  sprayer  is  filled  by  placing  it  in  a  pail  of  water, 
disinfectant,  or  Avhatever  is  desired  and  the  handle  drawn 
back;  the  handle  is  then  pushed  ahead  witli   sufficient 


force  to  suit  the  conditions.  The  spray  will  be  a  wide, 
fishtail-shaped  thin  sheet  and  will  cover  a  distance  of  40  ft. 
without  difficulty.  The  width  of  the  spray  is  approxi- 
mately 3  ft.  The  sprayer  can  he  put  to  a  variety  of 
uses,  and  in  places  that  are  usually  inaccessi1)le. 

A.  P.  Con  A  UK. 
Washington,  D.  C. 


Biajaleip^CoEiffipouainidl  Feezes' 

The  illustration  represents  a  good  form  of  boiler-com- 
pound feeder,  where  E  is  the  body  and  M  the  glass  gage, 
the  merit  l)eing  that  the  comporxnd  does  not  pass  through 


CoMi'ot'M)  Feedei;  Connhctkd  to  Two  I'liMi's 

the  pviinp.  The  i'ecdcr  c-iii  be  ri'iidily  rcgiibitcil  or  cut 
out  by  valves  T.  ('  and  .1  wliilc  the  jiiimi)s  are  in  upera- 
tion. 

C.    Pi.    -MfCiAUEY. 

PaltiniDre.  ^Id. 


It  is  sometimes  necessary  to  resort  1<i  extreme  nic;wiires 
to  keep  machines  in  operation.  Pdanking  ])ump  vnlves 
or  valve  openings  is  one  of  them.  Replacing  a  pump 
valve  or  valve  seat  may  be  done  witliout  nnnh  loss  of 
time  if  the  new  parts  and  tools  are  at  hand,  but  when 
the  threads  in  the  valve  deck  are  gone  it  becomes  more 
difiicult.  If  the  pump  is  urgently  needed,  tlie  opening 
nmst  be  blanked  off  as  a  makeshift. 

In  putting  a  blaidv  in  the  discbarge  deck  a  bolt  may 
he  fished  in  by  a  string  let  down  through  the  spindle 
opening  and  tied  to  the  end  of  a  bolt  with  a  heavy  washer 
large  enough  to  an(bor  (Irndy  to  tlie  ribs  on  the;  bottom 
side  of  the  deck.  The  bolt  is  then  drawn  up  through  the 
hole  ujitil  it  can  be  grasped  by  the  hand  from  above. 
Another  heavy  flat  washer  is  then  jilaced  upon  the  bolt 
and  a  nnt  |)ut  on  and  drawn  up  as  tightly  as  po.ssible  and 
secured  with  a  locknut.  T1ii'  course  described  cannot 
be  followed  if  the  iiottom  of  the  deck  is  inaccessible. 
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All  anelior  plate  must  be  provided  in  such  cases,  hav- 
ing au  oblong  bolt  hole  in  the  center  and  be  long  enough 
to  reach  across  and  catch  firmly  upon  the  ribs  on  the 
imderside  of  the  deck,  and  must  be  narrow  enough  to  go 
down  throiigh  an  opening  in  the  valve  seat.  With  a 
strong  string  looped  around  the  bolt  just  below  the  thread 
and  then  given  a  half-hitch  or  loop  at  the  end  of  the 
threads,  the  bolt  is  to  be  let  down  through  the  hole  into 
tlie  suction  chamber,  pulled  up,  and  the  upper  washer 
put  on  as  described. 

I  am  not  advocating  this  as  a  jiermanent  repair,  but 
useful  in  an  emergency. 

Edwatjd  T.  Bixn.s. 

Philadelphia,  Penn. 


foa"  Cosmic 


The  accompanying  diagrams  were  taken  from  an  am- 
monia compressor,  with  9xl8-in.  cylinder,  and  running  at 


Power 

Ammonia  Dia(;kams  fob 
Comment 

60  r.p.m.    The  head  pressure  is  200  lb.  and  the  back  pres- 
sure is  20  lb.;  a  1.50-lb.  spring  was  used  in  the  indicator. 

I  would  appreciate  reading  the  comments  of  readers  on 
these  diagrams. 

Charles  Mugler. 

Schulenhnrg,  Texas. 


More 


'asciuissaos!^ 


hagrainms 


Relative  to  the  ammonia-roinpressor  diagram  shown 
in  the  Oct.  13  issue,  it  does  not  seem  to  me  that  Jlr. 
Losh's  criticism   in   the   Nov.    17   Power  is  warranted. 

Herewitli  is  another  diagram  taken  at  the  same  time 
from  this  compressor,  nearly  a  duplicate  of  the  one 
under  di-^cussion.  The  adiabatic  plotted  shows  nothing 
serioiisly  wrong  with  the  compression  which  extends  from 
.4  to  i5.  During  the  suction  stroke  GA  and  the  compres- 
sion stroke  AB,  the  discharge  valve  was  closed,  with 
greater  or  less  pressure  liolding  it  shut.  It  stuck  to 
its  seat  and  did  not  open  until  B  was  reached. 

The  gas  in  the  discharge  jiipe  meanwhile  was  slightly 
reduced  in  pressure  liy  the  passage  of  part  of  it  into  the 
condenser,  so  that  wlien  the  discharge  valve  opened  at  B, 
the  gas  in  the  cylinder  rushed  out  against  a  lower  pres- 
sure than  the  average  condenser  pressure.  The  average 
head  pressure  was  EE,  not  FF,  as  Mr.  Losh  supposes. 
When  C  was  reached,  the  condenser  pressure  closed  the 
discharge  valve  and  the  pressure  in  the  cylinder  was  built 
up  to  Dj  the  valve  again  sticking,  but  not  so  tightly  as 


before,  as  its  period  of  closure  was  not  so  long.  At  D 
the  pressure  in  the  cylinder  opened  the  valve  again  and 
the  gas  passed  into  the  discharge  pipe  more  uniformly. 

The  little  peaks  and  valleys  BCD  in  the  discharge  line 
are  usual  with  some  compressors  and  are  caused  by  the 
chattering  and  sticking  of  the  discharge  valves. 

If  the  cock  used  to  throttle  the  gas  to  the  high-pressure 
gage  is  opened,  the  gage  pointer  is  seen  to  vibrate  con- 
siderably. The  inertia  of  the  gage  parts  "irons  out" 
these  vibrations  and  does  not  allow  the  pointer  to  show  the 
true  ranges  of  pressure  in  the  discharge  pipe.  The  indi- 
cator shows  these  variations  more  accurately.  This  rise 
and  fall  of  the  pressure  in  the  discharge  pipe  indicates 
that  the  discharge  valve  is  open  until  C  is  reached,  even 
tliough  C  is  lower  tliaii  El'J.  The  pressure  on  top  of  the 
discharge  valve  is  not  constant. 


Ammonia  DiAOitAii  with  AniARVTir  Curve 

From  this  diagram  1  can  find  but  one  fault  witli  the 
compressor.  Tlie  jn-essurc  at  the  end  of  the  suction  stroke 
(at  A )  is  less  than  at  the  beginning.  This  is  caused  by 
the  heavy  suction  valve  in  the  piston — the  machine  is  of 
the  vertical,  single-acting  tv'pe — closing  itself  by  inertia 
at  the  end  of  the  suction  stroke,  tliereby  causing  a  certain 
amount  of  wiredrawing,  and  reducing  the  capacity  of  the 
compressor.  The  capacity'  is  approximately  proportional 
to  the  absolute  suction  pressure  at  the  end  of  the  suction 
stroke.  This  wiredrawing  is  more  pronounced  than  usual, 
owing  to  the  high  speed  at  whicli  the  machine  was 
running.  With  this  type  of  compressor,  as  the  piston  is 
at  the  top  of  its  stroke,  and  reverses  its  direction,  the 
suction  valve  tends  to  open  itself  by  its  inertia,  allowing 
the  gas  to  enter  the  cylinder.  As  the  piston  slows  up  at 
the  bottom  of  its  stroke,  the  valve  tends  to  close  bj' 
inertia,  thereby  cutting  down  the  pressure  in  tlie  cylin- 
der at  the  end  of  the  suction  stroke  and  reducing  the 
capacity  of  the  compressor.  This  loss  is  shown  at  the  toe 
of  the  diagram. 

The  whole  subject  of  compressor  indicator  diagrams 
is  interesting,  but  too  great  reliance  should  not  be  placed 
on  them,  for  the  quality  of  the  suction  gas,  the  internal 
heating  and  the  discharge  temperature  play  important 
parts  in  the  performance  of  the  compressor  and  are  not 
shown  on  the  diagrams. 

G.  H.  Crawford,  Jr. 

Philadelpliia,  Penn. 
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90  lb.  pressure  should  be  supplied  for  each  l^^-in.  fire 
nozzle,  and  the  same  amount  for  each  60  to  70  sprink- 
ler heads.  The  arrangement  for  the  sprinklers  should 
also  be  such  that  they  will  operate  automatically  for  at 
least  one  hcnir. 

Sources  of  Supply 
The  most  frequent  sources  of  supply  are  natural  ponds 
or  lakes,  artificial  reservoirs  fed  by  springs  or  small 
brooks,  running  streams  of  good  size,  artesian  wells  and 
city  or  town  mains.  Natural  ponds  and  lakes,  provided 
they  are  of  such  size  as  not  to  be  seriously  affected  by 
dry  seasons,  form  a  valualjle  source  of  supply,  especially 
if  they  are  so  situated-  that  the  water  may  be  easily 
raised  to  the  level  of  the  power  house,  or,  better  still, 
may  flow  to  it  by  gravity  from  a  higher  elevation. 

The  value  of  artificial  reservoirs  fed  by  springs  de- 
pends largely  upon  their  stability.  These  should  not  be 
relied  upon  unless  the  supply  for  each  twenty-four  hours 
during  the  driest  season  is  somewhat  in  excess  of  the 
plant  requirements  for  the  average  working  day.  Sup- 
ply and  demand  can  be  equalized  to  a  considerable  ex- 
tent by  the  use  of  a  storage  reservoir  of  suitable  size,  so 
that  water  may  be  saved  during  the  night  when  the  plant 
is  shut  down.  Running  streams  which  never  fall  below 
the  maximum  requirements  of  the  plant  are  to  be 
classed  with  ponds  and  lakes,  provided  they  are  conven- 
iently located  and  the  water  is  of  fairly  good  quality. 
In  certain  cases  artesian  wells  may  form  a  reliable  source 
of  supply.  Their  flow  varies  so  greatly  in  different  lo- 
calities that  general  data  concerning  them  are  of  little 
practical  value.  Figures  at  hand  give  for  a  6-in.  well 
sunk  to  a  water-bearing  stratum  10  ft.  in  thickness,  with 
the  water  level  lowered  1  ft.  Ijy  continuous  pumping,  a 
capacity  varying  from  170  gal.  per  hr.  for  fine  gravel 
without  sand.  In  New  England  and  similar  rocky  lo- 
calities the  flow  will  be  much  less. 

BlilNGING    THE    SuPPLY    TO    THE    PlANT 

When  tlie  plant  is  supplied  from  a  pond  or  reservoir 
at  a  higher  elevation  than  the  power  house,  the  water  may 
be  brought  directly  to  the  pumps  by  means  of  a  gravity 
pipe  line.  If  from  a  pond,  reservoir  or  river  at  such  an 
elevation  below  the  power  house  that  the  lift,  plus  the 
friction  head  in  the  suction  pipe,  does  not  exceed  15 
to  18  ft.,  a  power  pump  of  some  form  may  be  used  and 
located  in  the  power  house.  With  sources  like  the  above, 
but  with  a  total  lift  greater  than  18  ft.,  the  same  type 
of  pump  may  be  used,  but  it  must  be  placed  at  such  a 
j)()int  that  the  suction  lift  will  not  exceed  18  ft.  With 
sources  like  the  above  but  with  an  abundance  of  water 
and  so  located  tliat  the  pump  can  be  placed  at  a  lower 
level  than  the  source  of  sujiply,  a  hydraulic  ram  may 
often  iie  used  to  advantage.  Artesian  wells  require  a  s]H'- 
cial  deep-well  pump  or  ])neumatic  air  lift. 

TvPK  OF  Puirp 
Direct-acting,    steam-driven     ])lungcr    pumps,    power 
pumps,  centrifugal  and  turbine  pumps,  driven  by  vari- 
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Water  Supply  and  Fire  Protection 

An  important  detail  to  be  considered  in  the  design  and 
construction  of  any  steam  power  plant  is  an  ample  and 
never-failing  supply  of  water.  The  uses  for  which  water 
must  be  provided  in  a  plant  of  this  kind  may  be  in- 
cluded under  boiler  feeding,  condenser  service  and  fire 
protection.  The  supply  for  boiler  feeding  in  noncon- 
densing  plants  may  be  based  on 

34.5  X  1.3        .  _^       , 
g^^ =  4.98  gal. 

per  boiler  horsepower  per  hour,  which  allows  for  20  per 
cent,  overload.  This,  in  round  numbers,  is  5  gal.  per 
hp.-hr.,  and  will  cover  all  usual  extras  in  the  average 
plant. 

The  amount  of  cooling  water  required  for  condensing 
purposes  will  amount  to  approximately  30  lb.  per  pound 
of  steam  condensed  for  jet  or  barometric  condensers,  and 
35  lb.  for  surface  condensers  for  summer  service  in  plants 
employing  reciprocating  engines  working  on  an  aver- 
age vacuum  of  26  in.  In  the  case  of  turbine  plants 
maintaining  a  vacuum  of  28  in.  this  amount  should  be 
doubled. 

With  a  condensing  plant  arrangements  are  commonly 
made  so  that  the  boiler  feed,  or  at  least  a  portion  of  it, 
is  taken  from  the  condenser,  thus  either  eliniinating  or 
reducing  this  item  when  computing  the  total  amount  to 
be  supplied.  ^\lien  a  surface  condenser  is  used,  and  the 
condensed  steam  is  pumped  back  to  the  boilers,  fresh 
water  equal  to  only  about  10  per  cent,  of  that  required 
by  the  boilers  need  be  supplied.  Or,  when  the  condens- 
ing water  is  of  good  quality  and  allowed  to  go  to  waste, 
the  entire  boiler  feed  may  be  taken  from  this  and  no 
extra  supply  need  be  provided. 

When  determining  the  quantity  of  condensing  water. 
Table  1  may  be  used  as  it  gives  the  pounds  of  exhaust  to 
be  condensed  per  indicated  horsepower-hour  for  differ- 
ent types  and  sizes  of  engines  and  turbines.  The  fig- 
ures in  this  table  assume  that  10  per  cent,  of  the  steam 
supplied  to  the  engine  or  turbine  is  condensed  in  doing 
work  and  by  the  various  losses  due  to  radiation,  etc. 
In  other  words,  they  represent  90  per  cent,  of  the  actual 
water  rates. 

TABLE  1.     WATER  RATES— 10  PER  CENT. 

Lb.  of   Exh.iust 
per  l.H|).-Hr. 
Type  and  Size  of  Engine  to  Be  Condensed 

Simple,  high-speed    22 

romiiound,   high-speed 18 

rompound,  four-valve    15 

Compound   Corliss,  over  liOO  hp 13 

Turliine   over  .'JOO  hp 12 

Turbine  over  1500  hp 11 

Turbine  over  3000  hp 10 

The  modern  fireproof  ])ower  house  requires  but  little 
in  the  way  of  fire  protection,  but  in  case  it  forms  pai't  of 
an  industrial  plant,  a  .system  of  hydrants  and  sprinklers 
usually  must  be  provided.  Unless  the  local  rules  require 
a  different  treatment,  250  ."-al.  of  water  per  minute  at 
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oiis  kinds  of  motors,  are  adapted  to  this  class  of  work. 

Direct-aetiug  steam  pumps  are  convenient,  easily  reg- 
ulated and  cared  for,  and  are  often  employed  for  this 
purpose  when  the  conditions  are  such  that  they  can  he 
located  in  the  power  house  and  their  exhaust  utilized 
for  lieating  purposes. 

The  principal  objection  to  this  t^iie  of  pump  is  its 
large  steam  consumption,  which  may  he  taken  approx- 
imately as  follows: 

Simple  noncondensing   120  lb.   per  hp.   per  hour 

Compound   noncondensinsf    SO  lb.   per  hp.   per  hour 

Triple    noncondensing    40  lb.   per  hp.  per  hour 

Power  pumps  of  the  plunger  type  are  also  adapted 
to  this  class  of  work  under  certain  conditions  and  may 
be  driven  either  by  steam  or  gas  engines,  electric  motors 
or  may  be  belted  to  a  countershaft.  Pumps  of  this  type 
may  be  located  at  a  distance  from  the  power  house  and 
operated  by  an  electric  motor;  this  gives  them  an  ad- 
vantage over  the  direct  steam  pump  under  certain  con- 
ditions. The  chief  disadvantage  of  this  pump,  under 
some  conditions,  is  that  it  must  run  at  a  constant  speed, 
but  this  is  not  an  objection  when  it  is  used  for  pumping 
from  a  lake  or  a  river  into  a  reservoir.  In  case  of  boiler 
feeding  and  similar  work,  where  close  regulation  is  re- 
quired, it  is  a  disadvantage  which  must  be  considered. 
The  centrifugal  or  turbine  pump  is  especially  adapted 
to  the  handling  of  large  volumes  of  water  under  mod- 
crate  heads,  and  is  also  constructed  for  high-pressure 
work  when  required. 

This  pump  is  simple  in  construction,  requires  practi- 
cally no  care  and  may  be  direct-connected  to  an  elec- 
tric motor  or  steam  turbine,  thus  making  a  compact 
and  effective  unit.  It  has  the  same  limitation  as  to 
speed  as  noted  in  connection  with  the  plunger  pump. 

Capacity 

The  catalog  ratings  of  pumps  usually  give  the  theor- 
etical capacity,  hence  in  estimating  the  actual  capacity 
the  slip  or  leakage  around  the  piston  and  valves  must 
be  taken  into  account  by  multiplpng  by  a  factor  depend- 
ing upon  the  tj-pe  and  the  size  of  the  ])ump.  Table  2 
gives  factors  for  this  purpose. 

TABLE  2.     ALLOWING   FOR  Pt3IP  SLIPPAGE 

Actual  as  Compared 
with  Theoretical 
Type  of  Pump  Capacities 

Medium  piston  and  plunger   0.85 

Small  piston  and  plunger    0.75 

Large  centrifugal   0.80 

iledium  centrifugal    0.55 

Small    centrifugal    0.35 


Power  for  Driving  Pumps 

The  actual  horsepower  required  for  driving 
given  by  the  formula 

WX  H 


a  pump  is 


Ji]}. 


33,000  X  -£" 


in  which 

hp.  =  Horsepower  required; 

IF  ^  Poimds   of   water   raised   per   minute; 

H  =  Height  of  lift,  in  feed,  including  the  friction 
head   in   both   suction   and   delivery   pipes; 

E  =  Efficiency  of  the  pump, 
-which  maj'  be  taken  as  follows :  Triplex  jiower  pumps, 
60  to  80  per  cent,  for  total  heads  of  100  to  300  ft.  re- 
spectively. Centrifugal  pumps  of  the  best  class,  50  to 
70  per  cent.,  depending  iipon  size  and  conditions  under 
which  they  operate. 


Ky     LIdXEL    S.     marks 

There  is  a  growing  feeling  among  large  coal  users  that 
the  important  matter  of  clinkering  ought  to  be  taken  care 
of  in  some  way  when  making  contracts  for  coal.  It  is  fre- 
quently suggested  that  specifications  ought  to  include  the 
melting  temperature  of  the  ash  as  this  has  generally  been 
assumed   to   determine   the  amount   of  clinker  formed. 

Before  the  subject  of  clinkering  can  be  put  upon  a  satis- 
factory basis,  two  kinds  of  measurement  are  necessary:  (a) 
the  determination  of  the  extent  t-^  which  the  clinkering  of  a 
given  coal  is  objectionable,  and  (b)  the  determination  by  a 
laboratory  test  of  some  characteristic  of  the  ash  which  indi- 
cates the  objectionableness  of  the  clinker. 

The  important  fact  about  clinkering  is  not  so  much  the 
total  weight  or  volume  of  clinker  formed  as  the  kind  of 
clinker — i.e..  whether  nonadherent,  easily  broken  up  and  eas- 
il.v  removed,  or  whether  it  forms  a  pasty  mass  with  the  sur- 
rounding coal,  or  which  runs  on  to  the  grate  and  freezes  there 
as  a  strongly  adherent  but  thin  sheet. 

It  is  probable  that  the  only  reliable  basis  at  present  tor 
determining  the  "objectionableness"  of  the  clinker  is  the 
judgment  of  fireroom  observers.  The  writer  has  attempted 
to  get  a  quantitative  measurement  by  sifting  the  ashpit  refuse 
into  a  number'  of  selected  sizes.  In  tests  made  with  a  Murphy 
stoker  equipped  with  the  usual  clinker-breaker,  the  coals 
which  gave  most  trouble  were  found  to  have  the  lowest  per- 
centage of  smallest  size  clinker  (less  than  1  in.)  and  the 
highest  percentage  of  the  largest  size  clinker  (greater  than 
2  in.)  The  differences  between  the  percentages  of  the  differ- 
ent sizes  for  good  and  poor  coals  is  small,  so  that  the  method 
cannot  be  relied  on. 

The  only  kind  of  laboratory  test  on  coal  ash  which  would 
seem  to  be  of  value  in  indicating  the  probable  extent  and 
character  of  the  clinker  is  one  in  which  the  ash  is  subjected  to 
such  temperatures  as  will  cause  it  to  melt.  A  number  of 
attempts  have  been  made  to  determine  the  melting  tempera- 
ture of  an  ash  from  its  chemical  analysis,  but  none  has  been 
satisfactory. 

That  valuable  indications  may  be  obtained  from  a  knowl- 
edge of  the  iron  and  sulphur  content  of  the  coal  or  of  its 
ash,  is  suggested  by  some  recent  tests  of  Palmenburg.t  which, 
as  pointed  oiit  by  Bergwyn.t  appear  to  show  the  following 
results: 

An  ash  containing  less  than  10  per  cent,  of  iron  oxide 
(Fe^Oa)  does  not  fuse  at  a  temperature  below  2550  deg.  F.; 
an  ash  containing  more  than  20  per  cent,  does  not  fuse  at  a 
temperature  above  2550  deg.  F.;  for  an  ash  containing  between 
10  and  20  per  cent,  the  fusing  temperature  varies  widely. 

A  coal  containing  less  than  1  per  cent,  of  sulphur  does  not 
fuse  at  a  temperature  below  2550  deg.  F. ;  a  coal  containing 
more  than  2  per  cent,  does  not  fuse  at  a  temperature  above 
2550  deg.  F. :  for  a  coal  containing  between  1  and  2  per  cent, 
the  fusing   temperature   varies   widely. 

A  coal  containing  less  than  3  per  cent,  of  iron  oxide  plus 
sulphur  does  not  fuse  below  2550  deg.  F.,  and  a  coal  contain- 
ing more  than  3  per  cent,  does  not  fuse  above  2550  deg.  F. 

The  determination  of  melting  temperatures  of  coal  ash 
is  attended  with  many  difficulties,  the  more  important  of 
which  is  in  the  definition  of  the  melting  temperature.  When 
a  coal  ash  is  heated  slowly,  that  one  of  its  constituents  which 
is  the  most  fusible  will  be  the  first  to  melt.  Its  effect  upon 
the  rest  of  the  ash  will  depend  upon  three  factors:  (a)  the 
amount  of  that  constituent;  (b)  its  viscosity  when  melted: 
and  (c)  its  chemical  reaction  on  the  remaining  constituents. 
If  there  is  much  of  this  constituent  the  ash  will  become  fluid 
to  an  extent  which  depends  upon  its  viscosity.  If  the  molten 
part  is  small  in  amount  but  very  fluid,  it  may  separate  from 
the  rest. 

There  is  another  factor  of  importance  in  connection  with 
the  behavior  of  molten  coal  ash,  namely,  its  viscosity.  A 
satisfactory  laboratory  test  for  clinkering  should  indicate 
viscosity  as  well  as  melting  temperature.  The  only  method 
used  to  any  extent  for  this  purpose  is  really  an  imperfect 
one  of  determining  the  temperature  at  which  the  material 
has  a  standard  viscosity.  This  is  accomplished  by  heating  the 
material  in  the  form  of  a  Seger  cone  of  standard  dimensions, 
at  a  standard  rate,  until  it  has  bent  to  some  standardized  final 
form.  The  cone  has  usually  been  set  up  vertically.  The  rate 
of  rise  of  temperature  is  usually  taken  as  2  deg.  C.  (or  4  deg. 
F.)  per  minute  and  the  melting  temperature  taken  as  that  at 
which  the  tip   of  the   cone  touches  the   base.     This   method,   it 


*From  a  paper  read  at  the  annual  meeting.  December,  1914, 
of  the  American  Society  of  Mechanical   Engineers. 

t"Journal  of  Industrial  and  Engineering  Chemistry,"  April, 
1914. 

t"Journal  of  Industrial  and  Engineering  Chemistry," 
August,    1914. 
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will  be  observed,  does  not  give  a  standard  viscosity  unless  the 
time  from  the  beginning  of  bending  is  the  same  in  all  cases. 
It  should  be  noted  also  that  the  temperature  of  the  cone  in- 
creases as   the   bending   goes   on. 

In  tests  by  the  writer  with  a  standard  rate  of  heating  of  2 
deg.  C.  per  minute,  the  time  taken  for  the  cone  to  bend  to  its 
final  position  from  the  beginning  of  bending,  has  varied  from 
10  to  SO  minutes;  the  final  viscosities  in  these  two  cases  are 
obviously  different.  It  should  be  noted  that  even  if  this 
method  gave  standard  viscosities,  it  would  not  necessarily 
give  information  of  value  on  clinkering.  If  it  were  true  that 
all  clinkers  became  troublesome  when  they  reached  a  certain 
lower  limit  of  viscosity,  and  if  that  particular  viscosity  were 
chosen  as  the  standard,  one  might  expect  a  close  relation  be- 
tween laboratory  and  fireroom  results.  It  has  not,  however, 
been  shou'n  that  there  is  a  lower  limit  of  viscosity  of  the  ash 
■which  cannot  be  exceeded  ■n'ithout  trouble  from  clinker,  and 
moreover,  in  ashes  whose  most  fusible  constituents  are  very 
fluid  the  Seger  cone  method  fails  as  indicated  below. 

Notwithstanding  these  inherent  defects,  the  Seger  method 
appears  to  merit  further  investigation,  but  an  important 
modification  in  its  use  seems  to  be  advisable.  In  the  standard 
method  the  cones  are  placed  vertically.  This  gives  satis- 
factory results  with  the  original  Seger  cones  and  with  many 
fire  clays,  but  it  is  often  unsatisfactory  with  more  complex 
mixtures.  If  the  more  fusible  constituents  are  very  fluid 
they  run  down  to  the  base  of  the  cone  and  may  leave  the 
apex  apparently  unchanged  in  a  vertical  or  slightly  inclined 
position  until  it  disappears;  that  is.  the  cone  never  as- 
sumes the  standard  final  shape.  J.  P.  Sparrow,  of  the  New 
York  Edison  Co.,  has  suggested  placing  the  cones  horizontally 
with  the  apex  projecting  over  the  side  of  the  support.  This 
method  has  been  adopted  by  the  writer  as  being  more  sensi- 
tive than  the  usual  method  and  as  giving  indications  which 
can  be  duplicated  more  accurately  and  are,  therefore,  more 
reliable.  The  temperatures  noted  in  this  method  of  testing 
are  at  the  beginning  of  bending  and  when  the  apex  of  the 
cone  points  vertically  downward. 

Tests  of  melting  temperature  observations  on  samples  of 
coal  ash  by  two  or  more  laboratories  bring  out  the  fact  that 
widely  different  results  are  obtained  with  the  same  ash 
samples. 

The  more  important  factors  influencing  the  melting  point 
of  the  ash  are:  Nature  of  the  surrounding  atmosphere;  size  of 
the  cone;  position  of  the  cone;  nature  of  the  binder;  rate  of 
heating;  location  of  the  cone  in  the  furnace;  and  method  of 
support   of   the   cone. 

Table  1  gives  the  melting  temperatures  observed  in  the 
two  furnaces.  The  cones  were  in  all  cases  vertical.  The 
dates  are  those  on  which  the  coal  (from  which  the  ash  sample 
was  obtained)  was  burned  under  a  boiler.  It  will  be  seen  that 
the  temperature  difference  ranged  from  120  to  255  deg.  C. 
(260  deg.  to  459  deg.  F.).  It  should  be  noted  also  that  even 
the  order  of  fusibility  was  changed  in  some  cases  when  the 
atmosphere  changed,  and  that  the  lower  the  fusing  tem- 
perature in  an  oxidizing  atmosphere  the  greater  is  the  in- 
crease in  fusing  temperature  when  changing  to  a  reducing 
atmosphere.  The  atmosphere  in  a  boiler  furnace  is  always 
oxidizing.  Therefore,  it  is  important  that  the  cone  should 
be  surrounded  by  an  oxidizing  atmosphere. 

TABLE  1.      INFLUENCE  OF  ATMOSPHERE   ON  THE 
MELTING  TE.MFER.A.Tl'RE  OF  ASH  CONES 

, Melting  Temperature  Deg.  Cent. x 

Reducing  oxidizing  Difference 

Date  Atmosphere  Atmosphere  Deg.  Cent. 

Feb,      3  15fi0  1430  130 

4  15X0  1410  170 

5  1580  1410  170 

6  1605  1390  215 

10  1620  1380  240 
13                              1635                              1440              ■  195 

Mar.      3  1596  1440  155 

5  1620  1335  255 

11  1580  1400  180 
13  1610  1445  165 
17  1620  1500  120 

The  size  of  cone  has  an  influence  which  is  different  for 
different  materials.  With  Seger  corns  the  difference  is 
negligible.  For  example,  a  No.  16  Scgir  cone  (17  mm.  base, 
70  mm.  high)  placed  horizontally,  has  a  melting  temperature 
(Initial  and  final  bending)  of  1355  to  1410  deg.  C. ;  when 
molded  Into  the  standard  size  of  SoKer  cones  of  higher  fusing 
temperature  (8  mm.  base,  30  mm.  high),  the  result  Is  1355  to 
1420  deg.  C.  The  size  of  the  cone  adopted  in  the  writer's  tests 
was  11  mm.  base  and  52  mm.  high.  One  ash  sample  tested 
horizontally  In  a  cone  of  this  size  gave  melting  temperature 
from  1425  to  1450  deg.  C:  in  a  13-mm.  base,  57  mm.  high 
cone,  the  temperature  was  from  1400  to  1430  deg,  C.  As  Is  to 
be  expected,  the  larger  cones  show  a  lower  melting  tempera- 
ture, but  the  difference  la  not  great. 

The  melting  temperature  (complete  bending)  of  a  horizon- 
tal cone   Is  always  less  than  for  a  vertical  cone.     The  differ- 


ence varies  considerably  and  is  less  with  the  more  fluid  melts. 
The  ash  is  usually  mixed  with  a  10  per  cent,  solution  of 
dextrin  before  molding  into  cones.  It  was  found,  however, 
that  water  alone  was  satisfactory  if  the  cones  are  not  dried 
much  before  being  put  in  the  furnace.  The  effect  of  adding 
dextrin  is  generally  negligible,  but  sometimes  it  Increases  the 
apparent  fusing  temperature  (complete  bending)  by  as  much 
as  10  deg.  C. 

The  rate  of  heating  the  cones  has  a  marked  effect  on  the 
apparent  fusing  temperature.  Any  increase  in  the  rate  re- 
sults in  increased  lag  of  the  pyrometer  (Le  Chatelier  type 
with  porcelain  tube)  and  causes  an  apparent  decrease  in  the 
melting  temperature.  Tests  on  the  ash  showed  melting  tem- 
peratures (complete  bending)  which  were  40  deg..  and  35  deg. 
C,  respectively  lower,  with  6  deg.  C.  increase  per  minute, 
than  with  a  2-deg.  C.  increase  per  minute. 

The  location  of  the  cone  in  the  furnace  is  important:  it 
should  be  as  close  to  the  pyrometric  element  as  possible. 
The  temperature  at  the  front  of  a  No.  29  Meker  furnace  was 
found  to  be  about  20  deg.  C.  lower  than  that  in  the  middle  of 
the  muffle.     An  additional  door  plate  reduced  this  difference. 

The  cone  must  be  supported  on  material  unaffected  by  the 
highest  temperature  reached,  and  which  does  not  react  chemi- 
cally on  the  ash  cones.  Plates  of  fused  quartz  have  proved 
satisfactory.  The.v  have  to  be  supported  so  as  to  permit  cir- 
culation of  the  gases  below  them,  to  give  them  the  same 
temperature  as  the  rest  of  the  muffle. 

Another  point  of  importance  is  the  complete  incineration 
of  the  ash  before  it  is  made  into  a  cone.  An  appreciable 
amount  of  carbon  remaining  unburned  tends  to  increase  the 
apparent  fusing  temperature. 

The  writer  used  a  Meker  furnace  in  all  of  the  later  tests 
made  in  his  laboratory.  Holes  were  made  in  the  back  of  the 
furnace  for  the  insertion  of  the  pyrometer,  and  in  front  for 
observation  and  for  the  insertion  of  a  quartz  tube  through 
which  a  stream  of  air  was  introduced  into  the  muffle  to  insure 
an  oxidizing  atmosphere.  The  furnace  was  heated  rapidly  to 
within  about  200  deg.  C.  of  the  expected  fusing  temperature 
and  the  rate  was  then  reduced  to  3  deg.  C.  per  min.  and  kept 
there.  The  observation  hole  was  plugged  except  when  in  use. 
Observations  were  made  through  dark  blue  glass  at  2% -min. 
intervals.  The  horizontal  cones  were  supported  only  so  far  as 
was  necessary  for  balance. 

To  find  out  whether  fusing  temperatures  as  determined  by 
the  method  outlined  have  any  relation  to  the  amount  of 
clinker  trouble  experienced  in  burning  the  coal,  a  series  of 
tests  was  carried  out  on  a  boiler  equipped  with  a  Murphy 
stoker  at  the  L  St.  plant  of  the  Edison  Electric  Illuminating 
Co.,  of  Boston.  Fourteen  tests  were  made,  each  of  24  hours' 
duration,  with  10  different  coals;  five  of  the  tests  were  made 
with  one  coal,  and  one  test  with  each  of  the  nine  remaining 
coals.  The  conditions  of  all  these  tests  were  kept  the  same 
so  far  as  possible.  Each  test  started  at  7  a.m.,  and  a  load 
of  from  150  to  175  per  cent,  of  the  rated  load  was  maintained 
until  5  p.m.,  when  forced  draft  was  put  on  and  the  capacity 
kept  at  200  to  250  per  cent,  of  rated  load  for  2  hours.  The 
capacity  was  then  reduced  to  from  150  to  175  per  cent,  till 
11   p.m.,  when  the  fire  was  banked  until  7  a.m. 

Table  5  gives  the  results  of  tests  of  the  ash  and  a  state- 
ment of  the  extent  of  the  clinkering  for  each  of  these  tests. 
It  will  be  seen  that  there  is  a  general  relation  between 
the  two,  but  that  It  is  not  definite  enough  to  be  of  much  prac- 
tical use.  The  coals  giving  the  three  lowest  fusing  tem- 
peratures are  also  those  giving  the  maximum  clinker  trouble. 
Those  ashes  with  a  final  fusing  temperature  of  1400  deg.  C. 
(2552  deg.  F.)  or  higher,  gave  little  trouble,  as  did  the  ash, 
which  melted  at  1380  deg.  C.  (2516  deg.  F.),  while  others 
which  melted  at  1395  deg.  C.  (2543  deg.  F.)  gave  much  trouble. 
The  most  troublesome  clinkers  had  final  melting  temperatures 
of  1370  to  1375  deg.  C.  (2498  to  2507  deg.  F.),  which  is  prac- 
tically the  same  as  the  temperature  for  coal  that  gave  good 
results.  It  would  appear  then  that  the  final  melting  temper- 
ature cannot  be  taken  as  a  criterion  in  the  range  from  1380 
to  1400  deg.  C.  (2516  to  2552  deg.  F.),  and  the  Inference  is 
Ihat  the  uncertain  region  extends  over  a  still  wider  temper- 
ature range.  It  Is  probably  true  that  final  fusing  tempera- 
tures below  1350  deg.  C.  (2462  deg.  F.)  show  a  coal  which 
would  give  clinker  trouble  under  the  conditions  of  the  L  St. 
station,  and  that  temperatures  above  1420  deg.  C  (258S  deg. 
F.)  Indicate  a  coal  comparatively  free  from  such  trouble,  but 
further  investigation  would  be  necessary  to  establish  that 
fact.  The  Important  thing,  however,  from  the  point  of  view 
of  coal  specifications,  is  that  the  tests  of  the  ash  of  Feb.  3. 
4,  5  and  6:  Table  2,  when  the  regular  station  coal  was  useil 
which  gave  a  minimum  of  clinker  trouble,  yield  results  whicli 
fall  In  the  doubtful  region  and  would,  therefore,  be  rejected 
In  co.nl  specifications  based  on  fusing  temperatures  alone. 
Tests  made  at  the  New  York  Edison  Co.'s  laboratory  on  ash 
having  a  mean  fusing  temperature  of  1245  dog.  C.   (2272  deg. 
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45  (81) 

Lig-ht 

40  (72) 

Light 

40  (72) 

Light 

40  (72) 

Light 

15  (27) 

Hard,      excessive;      50 

per  cent,  of  grate 

45  (SI) 

Excessive     to     moder- 

ate: large  clinlser 

50  (90) 

Not     much     but     very 

hard  and  isolated 

20  (36) 

Excessive;        75        per 

cent,  of  grate 

25  (45) 

Heavy 

55  (99) 

Heavy 

50  (90) 

Light 

30  (54) 

Very  little 

Light,   hard 

35  (63) 

Excessive,    very    hard, 

18    to    20    in.    in    V 

and    thicit 

F. ),  would,  from  the  experience  of  the  New  York  Edison  Co. 
Jlr.  Sparrow  reports,  "indicate  serious  trouble  from  clinker 
in  commercial  service.  This  remark  applies  to  combustion  on 
a  Taylor  stoker.  Tests  in  Boston  gave  the  same  melting  tem- 
perature for  two  coals,  although  one  was  found  to  give  neg- 
ligible and  the  latter  excessive  clinkering  in  actual  use. 

TABLE  2. 


Melting  Temperatures, 
Deg.  Cent.  (Fahr.) 
Initial  and 
Date  Final  Bending 

Feb.     3  1350-1395  (2462-2543) 

4  1360-1400  (2480-2552) 

5  1360-1400  (24S0-2552) 

6  1340-1380  (2444-2516) 

10  1360-1375  (2480-2507) 

13      1350-1395  (2462-2543) 

Mar.     3      1370-1420  (249S-25SS) 

5      1350-1370  (2462-249S) 

11  1355-1380  (2471-2516) 
13  1340-1395  (2444-2543) 
17  1430-1480  (2606-2669) 
24  1420-1450  (2588-2642) 
26  >1500  (         >2732) 

Apr.      8      1335-1370  (2435-249S) 


.Additional  indications  of  the  liability  to  clinker  trouble 
may  be  obtained  from  the  range  of  temperature  during  bend- 
ing and  from  the  appearance  of  the  bent  cone.  The  cones 
of  the  ash  which  gave  most  trouble  had  a  very  fluid  constitu- 
ent which  ran  down  to  the  tip  of  the  cone  and  also  upon  the 
supporting  plate.  It  would  appear  that  the  most  fusible  con- 
stituents will  separate  from  the  rest  of  the  cone,  leaving  a 
skeleton  which  does  not  bend  until  its  own  fusing  temperature 
is  reached — that  is,  with  the  kind  of  ash  which  gives  most 
trouble,  the  Seger  cone  method  fails  as  a  result  of  the  sepa- 
ration of  the  more  fusible   from  the  less   fusible  constituents. 

It  is  possible  to  accept  the  appearance  of  the  bent  cone 
as  a  partial  indication  of  the  clinkering  behavior,  and  it  may 
be  possible  to  predict  the  behavior  of  an  ash  from  that  indi- 
cation combined  with  the  fusing  temperature.  The  range  of 
temperature  during  bending  may  also  possibly  be  used.  There 
seems  to  be  a  close  relation  between  this  range  and  the 
viscosity  of  the  melted  cone.  It  should  be  noted,  however, 
that  there  is  a  liability  to  error  in  observing  the  initial  and 
final  bending  temperatures,  when  the  range  is  not  less  than 
10  deg.  C,  so  that  an  observed  range  of  30  deg.  C.  may 
actually  be  anywhere  from  10  deg.  to  50  deg.  C.  It  is  neces- 
sary to  make  several  determinations  to  get  the  range  with 
reasonable  certainty.  The  appearance  of  the  melted  cone  is 
consequently  more  valuable  than  the  range  of  fusing  tem- 
perature. 

The  investigations  of  the  writer  seem  to  show  that  under 
the  conditions  of  combustion  at  the  L  St.  plant  of  the  Edison 
Electric  Illuminating  Co.,  of  Boston,  a  coal  with  a  fusing  tem- 
perature (final  bending)  below  about  1400  deg.  C.  (2550  deg. 
F.)  will  probably  give  trouble  if  the  ash  has  a  fluid  con- 
stituent, whereas  it  will  not  give  trouble  above  about  13S0 
deg.  C.  (2516  deg.  F.)  if  the  ash  is  viscous.  This  conclusion 
•would  require  further  investigation  with  many  other  coals 
before  it  could  be  accepted  even  for  this  particular  plant; 
naturally  it  cannot  be  applied  to  plants  with  different  operat- 
ing conditions. 

It  may  be  interesting  to  note  here  the  conclusions  reached 
by  other  investigators  as  to  permissible  fusing  temperatures. 
Mr.  Sparrow,  in  a  report  to  the  Association  of  Edison  Illum- 
inating Companies,  September,  1914,  states  as  a  result  of  boiler 
tests  with  a  Taylor  stoker,  using  13  different  coals: 

It  will  be  seen  that  the  critical  point  of  ash  fusion  lies 
between  2400  and  2500  deg.  F.  All  coals  where  ash  fusion 
temperatures  are  above  2500  deg.  F.  can  be  classed  as  non- 
clinkering  (those  below  2400  deg.  F.  as  clinkering;  using  2450 
deg.,  therefore,  as  a  standard,  there  is  an  allowable  margin 
of  50  deg.  F.  above  and  below  standard  to  cover  possible 
errors  in  testing. 

Most  of  his  boiler  tests  lasted  120  hours.  The  ash  fusion 
tests  w^ere  conducted  under  conditions  similar  to  those  used 
by  the  writer.  The  fusing  temperature  is  the  middle  of  the 
range  from  initial  to  final  bending  of  the  cones.  It  should  be 
pointed  out  that  the  fusing  temperatures  obtained  in  Mr. 
Sparrow's  laboratory  average  about  260  deg.  F.  less  than 
those  obtained  for  the  same  ash  in  the  writer's  laboratory. 

E.  J.  Constan,  as  a  result  of  his  investigations,  finds  that 
the  melting  point  of  coal  ash  varies  from  1150  deg.  C.  (2202 
deg.  F.)  to  1700  deg.  C.  (3092  deg.  F.)  and  recommends  the 
following  ash-melting  temperatures:  For  boiler  coals,  above 
1400  deg.  C.  (2552  deg.  F. );  for  locomotive  and  producer  plants, 
above  1500  deg.   C.    (2732  deg.   F.). 


Foedl  S 

Eight  or  ten  years  ago  the  use  of  centrifugal  pumps  for 
boiler-feed  service  was  practically  unthought  of.  In  recent 
years,  hovrever,  there  has  been  considerable  experimenting 
with  pumps  for  small  capacities  and  high  heads,  such  as  are 
encountered  in  boiler-feed  work,  and  now  the  reciprocating 
boiler  feeders  have  practically  been  eliminated  from  the  more 
modern  plants,  where  the  capacities  run  over  1750  boiler 
horsepower. 

One  of  the  first  centrifugal  pumps  of  real  commercial 
merit,  if  it  was  not  the  first,  was  that  placed  in  a  large  paper 
mill.  This  plant  had  a  boiler  capacity  of  12,000  boiler  horse- 
power and  the  pressure  was  140  lb.  The  boilers  had  been 
supplied  by  two  compound  duplex  pumps  of  the  outside  end- 
packed  type.  The  steam  ends  of  these  pumps  were  in  bad 
shape,  and  by  a  weighed  water  test  it  was  found  that  they 
were  taking  about  120  lb.  of  steam  per  water  horsepower  per 
hour.     They  had  no  use  for  this  exhaust  steam. 

A  short  time  before  the  company  considered  using  a 
centrifugal  boiler  feed  pump,  it  had  put  in  a  cross-compound 
condensing  Corliss  engine  with  generator,  on  which  an  econ- 
omy of  about  twelve  pounds  of  steam  per  indicated-horse- 
power per  hour  was  obtained.  Inasmuch  as  there  was  an  ex- 
cess of  electrical  power,  it  was  decided  to  put  in  a  motor- 
driven  four-stage  centrifugal  pump  designed  for  a  capacity  of 
1080  gal.  per  minute  against  a  total  head  of  380  ft.,  or  165 
lb.  A  great  deal  of  attention  was  given  to  the  difference  be- 
tween the  steam  and  the  water  pressures  and  this  was  figured 
low  in  order  to  make  the  units  as  economical  as  possible. 

With  an  economy  of  12  lb.  of  steam  per  indicated  horse- 
power per  hour,  and  with  allowance  for  the  engine  efficiency 
and  that  of  the  motor  and  the  'pump,  the  centrifugal  pump 
took  about  twenty-five  pounds  of  steam  per  water  horsepower 
per  hour.  This  was  a  saving  of  about  ninety-five  pounds  of 
steam  per  water  horsepower  per  hour,  or  with  the  pump  oper- 
ating at  its  full  capacity,  a  total  saving  of  9850  lb.  of  steam 
per  hour. 

Inasmuch  as  this  pump  did  not  operate  continuously  with 
full  capacity  (this  was  figured  with  a  margin  of  safety  of 
50  per  cent,  over  the  normal  rating  of  the  boilers),  it  was  as- 
sumed that  a  safe  figure  for  the  economy  of  the  centrifugal 
pump  would  be  not  more  than  thirty-five  pounds  of  steam  per 
water  horsepower  per  hour,  or  a  total  saving  of  about  8800  lb. 
of  steam  per  hour,  or  293  boiler  horsepower  on  a  30-lb.  rating. 

At  this  plant  there  is  a  saving  of  approximately  $10,00(t 
per  year  on  coal  alone.  Besides  this  saving,  after  the  pump 
was  installed  it  was  found  that  there  was  also  a  saving  on  the 
fittings  and  valves  as  there  was  a  complicated  distribution 
system.  The  absence  of  the  shocks  almost  eliminated  the. 
repair  bill  on  this  item. 

The  pump  was  installed  with  a  head  on  the  suction  side  of 
about  six  feet,  the  water  handled  being  about  210  deg.  F. 
No  back  pressure  is  carried  in  the  heater.  This  pump  has 
now  been  operating  for  eight  years,  and  the  only  repairs  w^ere 
one  thrust  bearing  and  a  set  of  v^^earing  rings,  or  a  total 
charge  of  about  $100.  The  cost  of  the  equipment  was  be- 
tween $3800  and  $4000. 

The  conditions  in  this  case  were  somewhat  peculiar  in  that 
there  was  a  sufficient  supply  of  exhaust  steam  for  heating  the 
feed  water  without  the  use  of  exhaust  steam  from  the  boiler 
feeders.  In  the  ordinary  plant,  especially  in  a  central  sta- 
tion, the  main  units  run  condensing  and  the  auxiliaries  run 
noncondensing,  using  the  exhaust  steam  for  heating  the  boiler 
feed  water. 

A  further  advantage  of  the  steam-driven  auxiliary  idea  is 
that  the  boiler  supply  is  not  dependent  on  the  continuity  of 
current.  In  a  station  having  but  one  or  two  electrical  units. 
it  is  rather  dangerous  to  make  the  auxiliaries  motor-driven 
on  account  of  the  possibilities  of  a  short  circuit  shutting  dow^n 
the  motor  and  interrupting  the  water  supply  to  the  boilers. 
As  the  turbine  uses  no  cylinder  oil  the  heater  gets  clean 
steam  and  the  boilers  are  not  subject  to  oil  trouble. 

There  is  practically  no  limit  to  the  size  of  a  turbine - 
driven  boiler  feed  pump,  which  can  be  built  either  in  the 
lower  or  the  upper  scale.  In  other  words,  boiler  feed  pumps 
operate  at  a  capacity  as  low  as  10  gal.  of  water  per  min. 
against  250  lb.  pressure  and  as  high  as  1600  gal,  of  water 
per  min.  against  280  lb.   pressure. 

The  following  rules  are  desirable  to  follow  in  connection 
with  figuring  on  boiler  feed  pumps: 

The  normal  rated  capacity  of  the  boilers  is  ordinarily 
taken  and  50  per  cent,  added  to  that  for  the  capacity  of  the 
pump.      In   other   words,    a    10.000   boiler   horsepower   having   a 

♦Excerpts  from  a  paper  by  Edward  S.  Adams  before  the 
Ohio  Societv  of  Mechanical,  Elect'-ical  and  Steam  Engineers, 
Columbus,    Ohio,  Nov.   19,    20   r:id   21. 
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normal  feed  of  about  600  gal.  of  water  per  minute  -wouM  be 
supplied  with  a  pump  having  a  capacity  of  900  gal.  per  min- 
ute. 

The  water  pressure  is  ordinarily  figured  with  a  differential 
of  from  25  to  30  lb.  where  the  conditions  cannot  be  closely 
approximated.  This  differential  has  been  made  as  high  as 
60  lb.,  which  is  a  departure  from  the  general  rule  mainly  on 
account  of  the  prejudice  of  an  operating  engineer  or  water 
tender. 

^\^here  a  turbine  pump  feeds  more  than  one  battery  of  boil- 
ers, and  where  it  may  obtain  its  steam  supply  from  one  bat- 
tery and  supply  water  to  another,  it  is  always  specified 
that  if  the  normal  steam  pressure  should  be  150  lb.,  the 
turbine  shall  carry  its  full  load  on  as  low  as,  say,  100  lb. 
pressure,  and  in  some  cases  as  low  as  70  lb.  This  feature  can 
be  obtained  by  supplying  auxiliary  shutoff  valves  and  nozzles, 
which    are    used    only    in    cases    of    low    steam    pressures. 

It  is  a  good  idea  to  get  as  much  head  as  possible  on  the 
suction  side  of  a  centrifugal  pump  handling  hot  water.  Ten 
feet  is  considered  a  good  average,  although  there  are  some 
pumps  operating  with  a  head  on  the  suction  side  as  low  as 
three  feet.  However,  in  these  cases  the  conditions  are  rather 
constant,  the  load  does  not  fluctuate  much,  and  there  is 
practically  no  possibility  of  entrained  air  being  carried  into 
the  pump. 

The  mistake  of  buying  the  cheapest  turbine-driven  centrif- 
ugal pump  offered  is  frequently  made.  While  it  will  per- 
form its  work  for  a  short  time  in  the  ordinary  way,  it  soon 
deteriorates,  as  there  really  is  not  much  more  severe  ser- 
vice on  which  centrifugal  pumps  can  be  used  than  that  for 
boiler-feed  purposes.  The  turbine  also  usually  receives 
rough  treatment,  as  in  nine  cases  out  of  ten  it  is  under  the 
care  of   the   water   tender. 

There  are  a  few  fundamental  features  in  connection  with 
centrifugal  pumps  in  general,  and  centrifugal  boiler-feed 
pumps  in  particular,  which  determine  whether  an  installation 
is    going    to    be    satisfactory. 

On  account  of  the  high  pressures  encountered  it  is  im- 
portant to  provide  removable  bronze  wearing  rings  on  both 
the  impeller  and  casing  at  the  joint  between  the  suction  and 
discharge  chambers.  There  should  also  be  bronze  sleeves 
over  the  shaft  and  removable  stationary  sleeves  in  the  casing 
between  the  impellers.  The  impellers  should  be  made  of 
bronze  in  all  cases. 

On  account  of  the  possibility  of  the  boiler  pressure  de- 
creasing, which  will  decrease  the  pressure  against  which  the 
pump  is  to  operate,  and  because  of  the  further  fact  that  at 
this  time  there  is  ordinarily  a  great  demand  for  feed-water  to 
the  boiler,  as  the  steam  pressure  has  likely  been  caused  to  drop 
by  overload  on  the  boilers,  the  pump  should  be  so  designed 
that,  regardless  of  the  head  against  which  it  is  to  operate, 
the  horsepower  taken  by  it  will  not  exceed  a  certain  prede- 
termined amount.  While  this  is  especially  true  with  motor- 
driven  pumps,  it  also  applies  to  turbine-driven  pumps  as  a 
serious  overload  (due  to  the  enormously  increased  capacities 
which  are  obtained  on  some  designs  of  pumps  when  the  pres- 
sure is  dropped)    sometimes  destroys  the    turbine. 

The  points  which  make  the  centrifugal  pump  superior  to 
the  reciprocating  are  better  steam  economy,  simplicity  and 
ease  of  operation.  It  requires  no  expert  to  keep  it  up  to  the 
standard.  There  are  no  steam  valves  to  be  set,  no  indicator 
diagrams  to  be  taken,  and  no  valves  or  seats  to  replace.  The 
impossibility  of  building  up  an  excessive  pressure  insures  no 
undue  strains  on  the  piping.  In  a  properly  designed  centrif- 
ugal pump  it  is  impossible  to  build  up  a  pressure  in  excess  of 
a  predetermined  head,  known  as  the  shutoff  pressure,  and 
beyond  which  the  pressure  will  not  go. 

One  of  the  more  important  points,  however,  is  the  ab- 
sence of  shock  or  pulsation.  The  pressure  is  built  up  gradu- 
ally and  when  the  boiler-feed  regulator  opens  there  Is  no 
hammer  in  the  line,  the  pressure  is  always  ready  to  force  the 
water  into  the  boilers  without  a  pump  governor  and  speeding 
up  the  pump.  In  case  the  water  should  become  too  hot  or 
should  not  flow,  there  is  no  danger  that  the  centrifugal  pump 
will  wreck  Itself.  Another  point  is  the  absence  of  vibration: 
consequently  light  and  Inexpensive  foundations  only  are  re- 
quired for  such  a  unit — incidentally  this  means  a  small 
amount  of  floor  space  required. 

Practically  the  only  bar  to  the  continuance  of  efficiency  by 
a  centrifugal  pump  is  leakage  back  from  one  stage  to  another, 
or,  in  the  case  of  a  single-stage  pump,  leakage  back  to  the 
suction  side.  The  labyrinth  rings  arc  a  development  of  years  of 
experimenting,  and  It  has  been  found  that  with  this  type  of 
ring  the  leakage  Is  practically  nil.  Of  course.  In  water  con- 
taining a  certain  amount  of  grit,  there  will  be  some  leakage 
which  necessarily  grows  worse  as  time  goes  on.  In  order  that 
the  pump  m.ay  be  brought  back  to  Its  original  efficiency,  the 
only  operation  necessary  will  be  to  renew  the  labyrinth 
rings. 


An  accident  to  a  gas  engine  at  Public  School  No.  130, 
Brooklyn,  produced  the  remarkable  results  shown  in  the 
photograph.  This  was  a  15-hp.  two-stroke-cycle  engine,  oper- 
ating on  illuminating  gas  with  hot-tube  ignition  and  belted 
to  a  ventilating  fan.  Hit-and-miss  governing  was  employed 
and  at  the  time  of  the  accident  the  engine  appeared  to  be 
running  perfectly. 

The  bedplate  cracked  square  across  and  buckled,  jack- 
knife  fashion,  enough  to  allow  the  piston  to  pull  out  of  the 
cylinder  and  land  on  top  of  the  latter,  where  it  continued  to 
reciprocate  due  to  the  flywheel  momentum.  This  was  the 
condition  in  which  the  engineer  found  it  when  he  entered  the 
room  to  close  the  throttle.  After  the  piston  had  pulled  out 
the  bedplate  settled  back  on  the  foundation.     The  only  other 


K.vGixi:  SnowiNO  I'lsrnx  oy  Top  of  Cylixdeu  axd 
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damage  was  a  broken  piston  ring,  a  broken  exhaust  pipe  and 
water  connection.  Also,  the  governor  rod  snapped  after  it 
had  been  bent  up  by  the  buckling  action  of  the  engine. 

The  initial  cause  of  the  accident  is  a  matter  of  conjecture, 
one  theory  being  that  water,  due  to  condensation  in  the  gas 
line,  had  come  over  Into  the  cylinder  In  sufilcient  quantity  to 
produce  the  effect  noted.  It  might  be  mentioned  in  this  con- 
nection that  although  there  is  a  drain  In  the  exhaust  box 
there  was  none  In  the  gas  line  close  to  the  engine.  Again  it 
has  been  suggested  that  preignltion  may  have  been  the  cause. 
Comments  on   the   probable   cause  are  solicited. 


A  Cement  for  .Mnklnfir  Rcpnirn  nn  SwitchhoordR  when  iron 
or  other  metal  has  to  he  fastened  to  marble  may  be  made 
from  30  parts  plaster  of  parts,  10  parts  Iron  filings  and  ?4 
part  sal-ammoniac.  These  are  mixed  with  acetic  acid  to  form 
a  thin  paste.  This  cement  must  always  be  used  Immediately 
after  being  mixed,  as  It  solidifies  If  allowed  to  stand  for  any 
length   of  time. — "American    Machinist." 
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A  large  part  of  the  business  section  of  Cleveland  was 
without  electric  service  for  many  hours  as  the  result  of  a 
mysterious  fire  in  the  cable  subway  and  manholes  at  Ontario 
St.  and  Vinegar  Hill,  a  few  hundred  feet  from  the  Canal 
Road  plant  of  the  Cleveland  Illuminating  Co.  The  accident 
occurred  about  2  a.m.,  Tuesday.  Dec.  l.i.  and  it  was  not  until 
Thursday  night  that  full  service  was  restored  through  the 
stringing  of  temporary  cables.  In  the  meantime  many  fac- 
tories were  without  power,  hotels  and  office  buildings  were 
without  elevator  service  or  light,  and  several  thousand  peo- 
ple were  rendered  idle. 

The  22  one-million  circular-mil  and  six  two-million  cir- 
cular-mil cables,  which  were  put  out  of  service,  are  carried 
overhead  from  the  power  house,  a  distance  of  about  400  ft.: 
then  they  descend  along  a  wooden  pole  to  the  manhole  and 
subway  at  Vinegar  Hill.  The  manhole  covers  were  blown 
oft,  and  when  the  firemen  arrived  the  interior  was  like  a 
furnace,  several  hours  elapsing  before  the  fire  could  be  put 
out  completely  and  the  smoke  from  the  burning  insulation  in 
the  ducts  cleared  away. 

The  cause  of  the  accident  does  not  appear  to  have  been 
determined,  although  a  thorough  investigation  is  being  made 
by   the   company. 


The  Havden  &  Derbv  Mfg.  Co.,  119  West  40th  St.,  New 
York.  Catalog  D-1.  Metropolitan  injectors,  H-D  injectors 
and   jet   apparatus.      Illustrated,    62    pp.,   6x9    in. 

The  Imperial  Brass  Mfg.  Co.,  1200  West  Harrison  St.,  Chi- 
cago, 111.  Catalog  No.  92.  Heating  specialties  for  vacuum 
and   graduating  systems.      Illustrated,   32   pp.,   6x9   in. 

National  Tube  Co.,  Pittsburgh,  Penn.  Circular.  Kewanee 
union,  male  and  female  pattern.     Illustrated. 

Goldschmidt  Thermit  Co.,  90  West  St.,  New  York.  Pamphlet. 
Thermit  process   of  pipe  welding.     Illustrated,   24  pp.,   6x9   in. 


To  geologists  and  related  scientific  men  the  book  should 
be  of  deep  interest,  but  we  do  not  believe  engineers  will 
find  it  of  professional  value. 

TURBINEN  MIT  DAMPPENTNAHME.  A  contribution  to  the 
study  of  bleeder  turbines,  by  Dr.  August  Kriegbaum.  Pub- 
lished by  R.  Oldenburg,  Munich  and  Berlin.  6M;x9i/o  in., 
130    pages,    9S    illustrations.      Paper.      Price,    4  Vs    marks. 

The  .author  of  this  book  has  not  attempted  to  write  about 
steam  turbines  in  general,  but  has  restricted  himself  to  bleeder 
turbines.  This  type  of  turbine  is  only  to  be  considered  in 
plants  where  power,  production  and  heating  are  to  be  com- 
bined. 

Sizes  required,  efficiency,  steam  consumption  and  many 
other  values  depend  largely  upon  the  pressure  of  the  steam 
to  be  used  for  heating  and  the  proportion  of  the  quantity  of 
heating  steam  to  the  quantity  of  steam  entering  into  the  tur- 
bine. These  and  other  points  the  author  examines  carefully 
in   the   two  chapters   of   this  book. 

The  present  types  of  turbines  he  divides  into  two  groups, 
namely,  nozzle  turbines  with  few  and  guide-blade  turbines 
with  many  stages.  In  the  first  chapter,  with  the  use  of  mathe- 
matical formulas  and  graphical  metliods,  the  conditions  are 
laid  down  for  the  velocity  in  the  different  stages  of  a  Curtis 
turbine  in  order  to  obtain  the  highest  efficiency  with  relation 
to  the  steam  pressure  which  is  to  be  drawn  from  the  turbine 
for  other  industrial  purposes.  By  careful  investigation  it  may 
be  determined  when  and  at  what  point  one  turbine  system  is 
to  be  preferred  to  the  other  in  respect  to  efficiency.  Diagrams 
further  explain  the  influence  of  the  quantity  of  steam  to  be 
drawn  upon  the  output  of  the  turbine,  also  upon  the  steam  and 
heat  consumption  for  combined  plants,  as  well  as  separate 
power-producing   and   heating   plants. 

In  the  second  chapter  the  behavior  of  a  steam  turbine  is 
examined  in  respect  to  the  usual  regulating  methods  for 
changing  load  conditions.  These  examinations  have  the  fur- 
ther object  of  determining  what  conditions  are  important  to 
economical  operation,  and  are  based  upon  the  exact  definition 
of  the  change  of  state  of  the  steam  when  flowing  through  the 
turbine.  Extensive  graphical  methods  with  the  help  of  the 
Mollier  J-S  diagram  are  used. 

The  author  has  contributed  considerable  to  the  study,  de- 
sign and  construction  of  the  bleeder  type  turbine,  so  that  the 
book  should  prove  valuable  to  designers  and  to  students  who 
want  to  specialize  in  this  type  of  steam  turbine.  The  fact 
that  the  entire  work  is  strictly  theoretical  will  probably  keep 
the  practical  power-plant  man  from  reading  it  unless  he 
is  interested    in    this   particular  subject. 


THE   ANALYSIS   OF   COAL    WITH   PHENOL   AS   A   SOLVENT. 
by    S.    W.    Parr    and    H.    F.    Hadley,    has    just    been    issued 
as  Bulletin  No.  76  of  the  Engineering  Experiment  Station 
of  the  University  of  Illinois. 
This   bulletin    shows   that   by  means   of   phenol,    bituminous 
coal    may    be    divided    into    two    main    portions.      A    study    of 
each    division    can    therefore    be    carried    on    to    much    better 
advantage    than    when    in    the    combined    state.      In    general    it 
has    been    found    that    the    resinic    or    pitch-like    material    is 
soluble   in   phenol,   that   it   possesses   substantially   all   of   the 
coke  producing  ingredients,  that  oxidation  destroys  the,  coking 
property,   that   this  oxidation   occurs   slowly  at   ordinary   tem- 
peratures   and    proceeds    much    more    rapidly    at    212    deg,    F. 
The  insoluble  material  or  cellulose  residuum  is  a  more  active 
absorber  of  oxygen;  it  has  no  coking  property  but  resembles 
the    lignitic    coals    in    this    respect    as    also    in    its    avidity    for 
oxygen.     It  is,   therefore,   to   be   considered   as  the   constituent 
most  actively  involved  in   spontaneous  combustion,   deteriora- 
tion   and    other    difliculties    attending    the    storage    of    coal. 

Copies  of  Bulletin  No.  76  may  be  obtained  gratis  upon 
application  to  C.  R.  Richards,  Acting  Director,  Engineering 
Experiment   Station,   University    of   Illinois,   Urbana,    111. 

THE    ORIGIN    OF    COAL.       By    David    White    and    Reinhardt 

Thiessen,    with    a    chapter    on    the    Formation    of    Peat    by 

Charles    A.    Davis.      Published    by    the    Bureau    of    Mines; 

390    pages,    54    illustrations;    paper;     6x9    in.       Bureau    of 

Mines  Bulletin  No.  3S. 

The  purpose  of  the  investigations  recorded  in  this  bulletin 

was  to  learn  by   "microscopic   examinations   of  coals,   how   far 

and  in   "what  w'ays   the   .grouping   of  coal   by   types  depends   on 

differences  in   the  kinds  of  plant  material   from   which  it   was 

formed  and  on  the  conditions  of  its  accumulation,  or  how  far 

the   special    characters   or   qualities   of    coal    of   any   type    were 

determined   by  the   nature  and   state   of  the   plant   debris  from 

which  the  coal  "was  formed. 

The  opinion  that  coal  is  transformed  peat  is  held  by  the 
authors.  The  report  is  quite  thorough  in  that  coals  and  peat 
from  the  various  sections  of  this  country  have  been  critically 
studied  under  the  microscope. 

Under  a  historical  review.  Mr.  Thiessen  considers  the  more 
important   of   the   investigators   of   the    compositions   of   coal. 


BUSSHESS   DTEMS 


Arthur  E.  Jackman  has  been  appointed  manager  of  the 
machinery  department  of  the  Walter  A.  Zelnicker  Supply  Co., 
of  St.  Louis,  vice  J  J.  Hilpirt,  resigned  to  become  storekeeper 
of  Cia.  Mexicana  De  Petroleo,  "El  Aguilla"  S.  A.  at  Tampico, 
Mexico.  Mr.  Jackman  has  had  wide  experience  gained  as 
general  manager  of  the  Sea  View  R.R.  and  Narragansett 
Pier  E.  L.  &  P.  Co.,  was  for  years  in  the  R.  &  L.  Dept.  of 
the  Westinghouse  Electric  &  Manufacturing  Co.  and  latterly 
superintendent  of  the  East  St.  Louis,  Columbia  &  Waterloo 
Ry.,   which   position   he   left   to  assume   his   present   duties. 

Tripp  Metallic  Packing,  manufactured  by  Wm.  B.  Merrill 
&  Co.,  336S  Washington  St.,  Jamaica  Plain,  Boston,  Mass.. 
will  be  supplied  for  all  piston  rods  and  poppet  valve  stems  of 
the  three  new  pumping  engines,  now  being  built  for  the  City 
of  Cleveland.  This  company  is  also  building  metallic  packing 
for  16-in.  gas  rods  and  16-in.  air  rods  of  engines  now  being 
constructed  for  the  Pennsylvania  Steel  Company,  Steelton, 
Penn. 

The  Ohio  Blower  Co..  5130  Perkins  Ave.,  Cleveland,  Ohio, 
has  just  issued  a  handv  booklet  containing  some  sheet  metal 
and  angle  iron  suggestion's  for  factory  superintendents,  effi- 
ciencv  engineers  and  contractors.  It  is  called  the  Handiline 
Handibook — contains  many  illustrations — and  is  sent  for  the 
asking. 

It  having  been  brought  to  its  attention  that  rumors  were 
being  circulated  that  it  intended  to  retire  from  the  piping 
business,  the  Best  Manufacturing  Co.,  of  Pittsburgh,  Penn.. 
wishes  to  emphatically  deny  these  rumors  and  assures  the 
trade  that  it  is  now  and  intends  to  continue  aggressively 
prosecuting  the  piping  business. 

Benjamin  G.  Fernald  has  resigned  as  sales  manager  of 
the  Best  Manufacturing  Co.,  Pittsburgh,  Penn.,  in  order  to 
enter   business   in   New   York   City  about  the   first  of  January. 

A.  E.  Seelig  has  been  appointed  general  sales  manager 
of  the  Kerr  Turbine  Co.,  Wellsville,  N.  Y..  and  John  A.  Hense, 
St.  Louis  representative.  Mr.  Seelig  for  several  years  held  a 
similar  position  with  the  L.  J.  Wing  Manufacturing  Co..  and 
more  recentlv  managed  the  new  machine  tool  department 
in  the  New  York  office  of  Schuchardt  &  Schutte.  Mr.  Hense 
was  formerly  with  the  National  Malleable  Castings  Co.,  Chi- 
cago, and  later  with  the  Dravo-Doyle  Co..   of  Philadelphia. 
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